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EFFECTS OF CATECHOLAMINE ADMINISTRATION,
REMOVAL OF BROWN FAT, HAIR SHEARING, AND
COLD EXPOSURE ON COLD RESISTANCE OF RATS

Yasunori YANAGIDAIRA
Department of Physiology, Institute of Adaptation Medicine,
Faculty of Medicine, Shinshu University
(Dirvector : Prof. G. Ueda)

Summary

Effects of exposure to cold, removal of interscapular brown fat, shearing and adiministrations
of norepinephrine (NE), bupranolol hydrochloride (BH), and reserpine (RE) on cold resistance in
Wistar strain rats were studied. Evaluation of cold resistance was made by chilling rats to death
in cold water at 5°C after due treatments for a month.

Onset and termination of shivering and survival time were recorded in minutes during the
course of chilling rats to death. After killing rats, thickness of the skin was measured, and
amounts of brown fat and hair were weighed. '

The results were as follows @

1. The body weight and amounts of food and water intake were significantly less in the
groups exposed to cold than those in the groups kept at 20°C, while amount of excreta was larger
in the former groups than in the latter.

2. ‘The total amount of interscapular brown fat was significantly larger in the treated groups
than in the control group, but mg per body weight of brown fat was significantly larger only in
the groups given NE and exposed to cold. The gain in brown fat in the groups exposed to cold
was attributed to an increase in fat-free dry material.

3. The body length and thickness of the skin were significantly less in the group exposed to
cold than in the control group. Total hair weight was only slightly heavier in cold exposure than
in control, and hair weight per body weight was remarkably larger in the former group than in
the latter because of significant loss in body weight in rats exposed to cold.

4, Shearing of hair hastened the onset of shivering and shortened survival time.

Removal of brown fat accelerated the fall in rectal temperature, but did not bring a sig-
nificant reduction in the survival time.

The adiministration of NE and exposure to cold brought a slow fall in rectal temperature and
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prolonged the onset of shivering and survival time.

Tom

The adiministation of RE and BH had no significant influences on changes in rectal tém—

perature and on survival time.

5. It was concluded that body hair and interscapular brown fat were important tissues in

protecting heat loss and thermogenesis. Since adiministration of NE to rats could help their

acclimation to cold, it is suggested that NE may play an important rule in obtaining an acclima-

tion in rats exposed to cold.

Key wards: # 5 2— /7 3 ¥ (catecholamine)
# = (shearing)
M98t (cold resistance)

I.#% = .
ERPEATE T CRE IR AL, B35
B LG, EEdS X OB TR D R &
bhd, ChbDOBMOREL, 44D ORH
Zoleii s Z & L FHEEh AL, B WHIgEE o h
B2 DRA L To B8, 132 A ERy, i
T, EEGHEEO—D L LT, BalElhas BAT)
& & D BVF, Ttk k OB - THRE LD,
ARIRTCIL, EREHCEERBER BT LEL AT
WHHITa—AT IV (CA) DN, i/ =i
4+ U ¥V (NE) OFENESED BAT Fioiififdethc &
ATeiBa b % B, ¥ i SRATHEEBEC A BRI
D, b5 LHTHIENEE EAHEBIR b om0 TR
Bl ERaEEEL bR AREITONT, F
D HEA IR EOBER G4 5 21000 C b i
LD T, Th boREBERICOWTHRET 5,

I. #EsLUFE

SRR EHICLE 150g BTt D Wistar K5 » b (M)
4505 FlV S, FEERTNE, L RNEEE 2 BRI BAT
EHEREE, 3 BIEE R R 4NE 58, 50
LA ey (RE) 58, 6775/ »— A (BH)
BE5R, 7-SOATREETY, 8- BT BAT huisesk
T 9 JIBHNTED 9 BRSO 1 7o, SRR S8,
NE 200ug/kg, RE 0.5mg/kg 35X 0° BH 10pg/kg
&L, ThEh Ringer-Locke WICHEM L, F00.2
ce ® ZEHOEEPICE Y. Lic, NE, BH LL&HD
sk, 488 L[, %7 REZIADD 3 HEE% iy ©
B Lcipien U, S\EHET LEMATL DR THE
TO7HM, BEH 1ERS Ui, il RE (3 adRulss
AR D NE {BCHLE, BH b (i 5N D3R

8

it B ZA AR 45 L O M L. NE (L-
noradrenaline bitartrate) {LFIYEHIIE, RE (tri-
serpin) (3 BfBIE &, BH (Looser) LRIHMLE O
BERTHB, 1~6 T 20+£2°C RS, 7
~9 FEDIE 521°C OERSECK LT, Thith
Ly BRIAE Lic. 2, 8L/ OT i fEIG
1 AN F R A AR A L, HBiticts
BB HENG S AT FAERGEISERE, B
CRFERT B0 3ENCHITTH i o e BB
T ORI L E D, MEERROMBMGELRE
T i, BRI EERXNEL, FEO 3EMR
R, ZOME—UETHEFBRSOEEHEY R
Y3 3T, TEHRERFELS, 22— RCH O I
Too SEIHL ¥ A, £RoHoHE, AYBX
UK ERE, PRtEONE b #E RIS 2t 51,
MERTH, SO IEATIENE O 1 DI FEER
BefEa T, EIBR, OFEOMEYE I,
AT 5 TSR, BEC BT HHIERM S
WTDRHE R L o7, OISR OREIC T
A EMREST (i HP-4F) % Fv, %£ov
v 27 w7 (4R BN L D 9 Sem FA LT
ELiz, ERCHMONEE, WS, ST
B oR RS, BEAIREHO 3 yARCBEA & Do
W, DEE (BANE MC-2 TR) ICHHE L THISEL
foo Thip2\EGE Eh, RN D, FIBE, D
IHE—E D% 2Ok DT, 5°C 1L o T ik
AR E CEK X, R, L ORI S
B I ol BAKOREMEL 2 MM EED, T
DI HRIIL, WPRISIES, DIEOBIES
LG BB e R TR L B, Z OHBA

S, B0 s B 2ME Y, FOERALE

RS INBEDT, 522 DHBEMHE L OB THRO
fBINEEEE  Vol. 26



J v b OjisEE

SHEBEOWThIlIEL, AREMCHE L,

BUEHBRETH, 4E, BAT BE, FE0EX, K
ORI OWTHIER B I/ o . BAT KELT
HEEMEHRZ rehia, 2&8/-1(2:1 v/v)
CHEEAIE L, S8k EER KO8 Bk
BT, ThbD A~ v b eB Ui, ¥108
B L E X DR AW OREL IEORE I LT
SRR L SSEEN oL M L L, AEOES
1, #EYOMERELEELTA I R TLOER
FREL, EREEOREJILHEBEOT R
hERY, TORMOEIY FATHML,

O—0O Control
@—@ Shearing of hair

O--O Control
2B @--@ Shearing of hair

200

Q

Body weifht(g )

4&—4& Removal of brown fat |

-4\ Removal of brown fat _|

0. B &
A. MEHRMBOKE. Bk X UKD
BIE, HRE
BRI 2 AEOEW Fig 1. IKREh 5

m<, ERAFER (20°C) LEEMAEFER 6°C) Kk
¥ THEND, b bl O S NEF L Bn
BARTOEHL, BE340EE CEYLGEOR,
PG bR, TRUELIZEA CHFEEEMIALRT
Winb, T AN ERE (4, 5, 6) WXRREAT
WA, /R (controt) B BIE{E{R (shearing
of hair) HOPRMCAETS,

20°C

5°C

0 10

{o )
5o | |

30
Days

Fig 1. Changes in body weight of rats under various conditions.
Average weight of each group is plotted on ordinate, versus

days of breeding on abscissa,

Solid lines indicate the values of body weight of the rats
which were placed at a room temperature of 20C°, and
dotted lines indicate the values of body weight of the rats
which were placed at a room temperature of 5°C.
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Fig 2. Changes in food intake by rats under various conditions.
Average intake of each group is plotted on ordinate, versus days of breeding on abscissa.
Solid lines indicate the amount of food intake by the rats which were placed at a room
temperature of 20°C, and dotted lines indicate the amount of food intake by the rats
which were placed at a room temperature of 5°C.
Table {. Effects of previous treatments on body weight, food and water intakes and amount
of excreta.
Body wt Food intake Water intake Urine and feces
Groups ambient temperature (20°C)
1 Control (5) 229.04+16.1 18.3£0.5 27.3+£1.0 11.8£0.9
2 Shearing of hair (5) 272.0£13.0 20.8+1.2 20.0£1.0 14.54£0.8
3 Removal of brown fat (5) 251.8+ 8.0 18.840.9 26.4£10 11.6+£0.9
4 NE injection (5) 259.2+10.8 20.040.8 28.440.9 11.5+£1.0
5 RE injection (5) 236,6+15.8
6 BH injection (5) 246.0+ 3 9 20.9£0.7 30.6£1.9 11.8+1.6
ambient temperature (5°C)
7 Control (5) 104.2+ 6.0* 8.6£0.6% 17.3x1.0% 18.4+1.9%
8 Shearing of hair (5) 125.6.£ 3.4% 9.3:+0. 6% 17.6+1. 5% 16.241. 6%
9 Removal of brown fat (5) 107.54 4.2% 8.6+0.5% 16.64+0.9* 15.2£1.4
The values are means £ S.E. M.
* Significantly differ from those of the control group, respectively, at a level less than 5%.
Parentheses : No. of rats.
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Fig 3. Total amount of interscapular brown
fat (a) and relative weight of inter—
scapular brown fat to body weight (b).
A-E : ambient temperature (20+1°C)
A : control

: sheared

: injection of norepinephrine

! injection of reserpine

=HUow

: injection of bupranolol hydrochloride
F-G : ambient temperature (5£1°C)

F : control
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Table 2. Amount and composition of interscapular brown fat.
Interscapular brown fat Interscapular brown fat composition
- Fat-free
(mg) (glogd/f wb) Lipid H:0 dry material
ERES) %) (%>
ambient temperature (20°C)
1 Control (5) 188.21+10.0 0.83+0.02 30.3%£3.0 51.8+£1.8 17.94£3.1
2 Shearing of hair (5) 254.4£18.4* 0.9440.05 24.7x2.7 52.3£1.2 20.9£1.5
4 NE injection (5) 308.6+£25.6% 1.38+0.06%* 29.34+1.3 51.54+1.5 19.2+£1.5
5 RE injection (5) 247.04£22.9% 1.04£0.04 27.5+2.3 54.0+1.5 23.7£1.5
6 BH injection (5) 276.0+17.7% 1.08£0.06 25.1+2.1 55.1£1.2 19.8+1.8
ambient temperature (5°C) ‘
7 Control (5) 243.24+ 7.3% 2 34+0.07% 17.241.6% 50.7+1.2 32.1£2.3*
8 Shearing of hair (5) 297.6£29.6% 2.36+0.22% 14.5%1.7*% 50.5+1.6 34.9+1.8*
Values as in Table 1.
Table 3. Skin thickness and hair weight in control and cold-acclimated rats.
Skin thick-
CWe .t
Body wt Baody length Hair wt -?——% ness i—l%q—l—n%—
W Jleimm
(g) (mm) {mg) Wi e (mm)
Group no. Control (20°C)
1 229.0%+16.1 212.2+ 5.2 2208.0+144.0 9.664.0.18 9.67+1.22 0.044+0.005
exposed to cold (5°C)
7 104.2+ 6.0* 157.8%6.06*% 2456.0£89.10 23.69£0.6*% 7.0 £0.39*% 0.04440.002
Values as in Table 1.
5 min 18 min 9 5min

aamin 35min 40min

1§8¢

Fig 4. Shivering during immersion in cold water at 5°C was
detected as noise patterns in ECG of the rats.
The onset time of the shivering appeared at fifteen min-
utes and the termination of the shivering appeared at
thirty minutes from the start of immersion.
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Table 4. Shivering parameters of rats during chilling to death in water at 5°C.

Prosess of shivering Survival time

End of
Onset time shivering
(min) (min) (min)
Groups . ambient temperature (20°C)
1 Control (5) 17.0£1.22 39.041.81 68.0+3.74
2 Shearing of hair (5) 9.4+0.40 28.8+1.24* 51.041.84*
3 Removal of brown fat (5) 17.0+£1.22 36.6+2.13 59.444.22
4 NE injection (5) 25.0+2.23% 47.0+4.63 92.043. 67*
5 RE injection (5) 16.0+1.87 38.6+2.82 59.0+5.57
6 BH injection (5) 25.0+2. 58*% 44.314.15 61.0L6.40
ambient temperature (5°C)
7 Control (5) 40. 0+ 2. 23* 68.0+2. 56* 103. 0 5. 83*
8 Shearing of hair (5) 10.44£0.75* 33.01.22% 62.0+3.00
9 Removal of brown fat (5) 19.0£1.87 33.0£2.00 63.0£3.74

Values as in Table 1.
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Fig 5. Succesive changes in rectal temperatures during the
course of chilling in water at 5°C.
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Table 5. Relationship between survival time and shivering.

Contorol groups Onset time End of shivering

1 Control (5) 0.87* (N S) 0.80 (NS)

2 Shearing of hair (5) 0-83 (NS) 0.98 (P<0.05)

3 Removal of brown fat (5) 0.80 (NS) 0.79 (NS)

4 NE injection (5) 0.43 (NS) 0.91 (NS)

5 RE injection (5) 0.71 (NS) 0.89 (NS)

6 BH injection (5) 0.79 (NS) 0.96 (P<0.09) .
Control total (30) 0.76 (P<0.0D 0.92 (P<0.01)
Cold groups

7 Control (5) 0.93 (NS) 0.-83 (NS)

8 Shearing of hair (5) 0.76 (NS) 0.78 (NS)

9 Removal of brown fat (5) 0.54 (NS) 0.84 (NS)
Cold total (15) 0.96 (P<0.01) 0.80 (P<0.0D
Total (45) 0.87 (P<0.01) 0.79 (P<0.0D)

* Correlation coefficient.
NS : not significant.
Parentheses : No. of rats
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