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TABLE 1. CHARACTERISTICS OF EXPERIMENTAL ANIMALS

Group Number  Room temperature

of rat 0

Control

(The Ist group) 8 24+1

Hyperthyroidism 8 24+1

(The 2nd group)

Hypothyroidism 8 24%1

(The 3rd group)

Cold exposure 32 3+x1

(The 4th group)

Cold acclimalion with 4 341

admiinistration of met-
himazole (The 5th group)

Inducing. method

.....................................................................

#Peritoneal injection of Na*-L-thyroxine (0.5
mg/kg) daily for 7 days

*Methimazole was added to the drinking water
0.05%) for 14 days

1,2,7, or 14 days of cold exposure

14 days of cold exposure
Methimazole was added to the drinking water
(0.05%) during the last 7 days

4 according to the method of Tedesco et al. (1977)
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TABLE 2. SERUM T, AND T. LEVELS IN EU-
' THYROID, HYPERTHYROID, AND
HYPOTHYROID RATS

Gfoup

T, T,
(ng/100ml serum) (ug/100ml serum)
Euthyroidism 71.7+2.73 4.24:+0.13
Hyperthyroidism 900, 7:+233.80%  83.8+10. 3g%*
Hypothyroidism 31,81, gy* 1. 210, 14%+

Each value represents mean+1 standard error of
8 rats.
*P<0.01 **D<0. 001

TABLE 3. Na*-K*-ATPase ACTIVITY OF L1V.
- ER HOMOGENATES IN EUTHYROID,
HYPERTHYROID, AND HYPOTHYROID

RATS
Grou§ Na*-K*-ATPase activity P
(1 moles Pi/hour-mg protein)
Ffufhyroédism 1. 04:1-0. QS
Hyperthyroidism 2.1840.15 <0. 001
Hypothséroidjsm 0.71+0. 03 <0.001

Each iralue Tepresents mean +1 standard error of
8 rats.
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Fig. 2. Nat-K*-ATPase activity of liver homog-
enates in euthyreid, hyperthyreid, and
hypothyroid rats
- Each point represents the mean of 8 rats,
- Vertical hats represent -1 standard error,
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TABLE 4(A). INITIAL VELOCITY OF THE Na*
CONCENTRATION IN EUTHYROID, HY

_K*+-ATPase REACTION AS A FUNCTION OF ATP
PERTHYROID, AND HYPOTHYROID RAT S

Hypothyroidism

Euthyroidism Hyperthyroidism
ATP concentr- Na*-K*-ATP Na+t-K*-ATP Na*-K+-ATP Nat-K*-ATP Nat-K*-ATP . Na*-K*-ATP
ation (mM) ase activity ~ ase activity/ — ase activity  ase activity/  ase activity — ase activity/
(umoles Pi/ ATPconc. (umoles Pi/  ATPconc. (umoles Pi/  ATPconc.
hr.mg protein) hr -mg protein) hr-mg protein)
1 0.591-0.019 0.59+0.019 1. 2210. 036 1.221-0. 036 0. 424-0. 037 0. 427£0. 037
2 0.83-+0.026  0.41£0. 013 1l.72%+0.274 0. 86--0.137  0.560.029 0. 28+0.015
3 0.9340.005  0.30:£0.003 2. 05:-0.105  0.68-0.03¢ . 0.64:0.018 O 214-0. 007
5 1. 04+0. 013 0. 21-+0. 004 2.2610. 098 0. 45+0. 020 0.7110.028 0. 143-0. 006
[ — .
Each value represents mean 1 standard error of 4 experiments.
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Pig. 3. (&) Initial velocity of the Nat+-K+-ATPase

ATP concentration (mM)

reaction as a function of ATP concentration
in euthyroid, hyperthyroid, and hypothyroid
rats

Each point represents the mean of 4

experiments 1 standard error.

pot-K:ATPase activity / ATP concentration

(B) Hofstee plot of the data shown in (A)

Lines were drawn by the least-square analysis.
In this plot the intercept of the line with the
V.axis represents Vmax, and the slope repres-
ents-Ku.



TABLE 4(B). Vmax. AND Ky VALUE BY HO-
FSTEE PLOT OF THE DATA SHOWN
IN (4)
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TABLE 5. OXYGEN CONSUMPTION RATE OF
LIVER MITOCHONDRIA AND Na*-D-
EPENDENT OXYGEN CONSUMPTION
RATE OF LIVER SLICES IN EUTHY-

Vmax, Ku ROID, HYPERTHYROID, AND HYPO.
(umoles Pi/hour-mg protein) (mM) THYROID RATS
T Mitochondrial Na*-dependent
Euthyroidism 1.29 1.14 Group OXygen consump- oxygen consump-
: tion rate (1.(102./ tivn rate Oy
Hypetthyroidism 2.97 1.39 hour-mg protein) hour-mg tissue)
Hypoéhyroidism . 0.89 1.05 Euthyroidism 43.9+1.69 0. 14--0. 008
: Hyperthyroidism 111, 03-7. g5%* 0.19:£0. 021*
Hypothyroidism 20. 812, 02%* 0. 08+0. 010**
Each value represents mean +1 standard error of
8 rats,
*P<0.05 **P<p. 001
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Fig.; 4. Oxygen consumption rate of liver mitochondria and Na*-dependent oxygen consumption
' rate of liver slices in euthyroid. hyperthyroid, and hypothyroid rats

*Q0, (M) : Oxygen consumption rate

of liver mitochondria

**Q0,(T) : Na*-dependent OXygen consumption rate of liver slices
Each point represents the mean of 8 rats,
Vertical bars represent *1 standard error.



TABLE 6. EFFECT OF COLD EXPOSURE ON SERUM Ts, To LEVELS AND Ta/T4 RATIOS IN RATS

Duration of cold Ts T, T3/ T4 ratio
exposure (days) (ng/100m! serum) (p2/100m! serum)
v} 71.7+2.73 4.24+40.13 16. 97:0. 47
1 95. 8-+-4. B5*** 4.020. 30, 24. 51, T4¥FX
2 83. 31+4. 26% 3.40+0.38 27. 03, 33**
7 78. 4:1.6.07 9. Q4-H0. RTFKX 28. 6-+1. BT
14 61.4-+35.98 1. 28-1-0. 28%** 53. 618. 86*+*

“Each value represents mean -1 standard error of 8 rats.
*P<0.05 **P<0.01 *kP<70. 001

T

A4 Ta
'_E~5f _|T, -|oo—g
%4- /// I -J{_ | 490%::-
s |
L % % ?,// {20 #
L nmm

Duration of cold exposure (days)

Fig. 5. Effect of cold exposure on serum T3 and T, levels in rats
Each point represents the mean of 8 rats.
Vertical bars represent -1 standard error.

B. shistzdo] c&E EF0M k<! A% A3 s el FYEAel &A%
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W gaMsEe s, 7EEE 4 4 2e vdeh @9 23N T, FEE 4

Aapg W Nat-K+-ATPase §4
£o| s}

YAl T, peE @U@ nFE £l

Ao WEFe TLT7LE2 73ng/100mle] A 95.8

+4.85ng/100ml2 F74 3] 2714 7+ (P<0. 001)
ol 2 7)o & 83.31+4. 26ng/100miE Zrah F

B¢ =2 et AA Zras ol w1444
A 1.2840.28ug/100miz 2T 424
0. 13¢g/100ml & % AE2 7 (P<0.001) 3t
o}, whebA @AW To/Tow &8 T Z4e =
25 7|7k} w2 Tl a8 LojstA F7h
(P<<0. 01) 3% w}(Table 6, Fig.5).
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T@BLE 7. EFFECT OF COLD EXPOSURE ON
' THE Na*-K*- ATPase ACTIVITY OF

RAT LIVER HOMOGENATES 30 9"-’—‘7‘—"!
: == = \\ P
Duration of cold Na*-K*-ATPase activity P z ™ e
exposure(days) (umoles Pi/hour-mg protein) i AN \
; N £ |
0 1.04+0.03 5,0 x\
1 1.30+0. 02 <0.001 5 b
2 1. 600. 17 <0.01 § .
7 1.85+0.13 <0.001 2
14 1.830. 10 <0. 001 .;Z ol >
“F;c‘ixﬁvah;ev "rhep;esents mean 31 standard error of g \\
8 rats. ¥
. g“ A5
¥
o N .
s T . O 02 64T aE TRE TR e
H / Jj_ rﬁ Na'~"-ATPase activity / ATP conentration
s: F.L Fig. 7. Hofstee plot of the Na*-K*-ATPase reaction
;'8 1 of liver homogenates in cold exposed rats
: Each point represents thg mean of 4 expe-
§ riments 1 standard error. In this plot the
210 rﬁ ] intercept of the line with Y-axis represents
£ | Vmax and the slope represents-Ka.
g
£ % homogenatese] Na*-K+*-ATPase &4 x =
I g kA 10420, 03¢ moles Pi/hour-
- - z 7 " mg proteino] 9l Aol %% =} 295 1.60+
Durstion of cold wiposure. (coys) 0. 174 moles Pi/hour.mg proteine 2 T3 %
Tig. 6. Effect of cold exposure on the Nat-K+- 7H(P<0. 01) ) F e uk 4UA) 74 2 w3t

-ATPase activity of rat liver homogenates ) - . s
. Each point represents the mean of 8 rats. ¥ 2ol & sket (Table 7, Fig. 6). Na*-K+-

. Vertical bars represent 1 standard error. ATPase 4 5 ¢ Y BAAg] Vmax. ¢}

TABLE 8(A). EFFECT OF COLD EXPOSURE ON INITIAL VELOCITY OF THE Na*-K+-ATPase
REACTION AS A FUNCTION OF ATP CONCENTRATION

Duration of cold exposure (days)

ATP con 0 7 14
centration -
@M)  Na™K*-ATP Na™-K*-ATP  Na*-KT-ATP NaF-RF-ATP Na*-K"-ATP Na'-KF-ATP
© ase activity ase activity/ ase aclivity ase activity/ ase. activity ase activity/
(umoles: Pi/hr (#moles Pi/hr (umoles Pi/hr
-mg protein) ATPconc. -mg protein) ATPeconc. -mg protein) ATPconc.
i 0.594-0.019 0.59--0. 019 0. 92-+0. 094 0.924-0. 094 1. 1564-0. 007 1.1540. 007
2 0.83+0. 026 0. 4140. 013 1. 40+0. 074 0..70-+0. 037 1. 60+0. 010 0. 80-0. 006
3 0. 93-+0. 005 0. 304-0. 003 1.631-0. 156 0. 544-0. 053 1. 88:+0. 045 0.630. 017

& 1.04%0.013  0.2140. 004 1.86::0.138 0. 37+0. 027 2.204:0.100 0. 4440.019

Each value represents mean =1 standard error of 4 experiments.
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TABLE 8(B). Vmax. AND K VALUE BY HO-
FSTEE PLOT OF THE DATA SHOWN

IN (A)

Duration of cold Vmax. Ku
exposure (days) (umoles Pi/hour-mg protein) (mM

1.29 1.14
7 2.52 1.67
14 2.83 1.45

Kedl= 2474 ap3@7e =257 A 1.29%
moles Pi/hour-mg protein, 1. 1UmMo A =&
at 7dAd 2.52 pmoles Pi/hour-mg protein,
1.67mM, =2 ub 1444 2.83u moles Pi/
hour-mg protein, 1.45mMz 3y AN =F
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TABLE 9. EFFECT OF COLD EXPOSURE ON
OXYGEN CONSUMPTION RATE OF
LIVER MITOCHONDRIA AND Nat-
DEPENDENT OXYGEN CONSUMPTL
ON RATE IN RATS

Nat-dependent
oxygen consu-
mption rate

(1dOy/hour - mg

Duration of cold Mitochondrial

exposure (days) oxygen consu-
mption rate
(110,/hour - mg

protein) tissue)
0 43.9+1.69 0. 14+0. 008
1 62. 45. 99%* 0.15:+0. 014
2 65. 8- 4. G4*H* 0. 22:0. 020*
7 66. 41 7. 28%* 0. 24+0. 027**
14 66. 814, 03%** 0.21:£0.030*

Each value represents mean =1 standard error of
8 rats.

*F<0.05 **F<0.01

|
l

** <70, 001
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Duration of cold exposure (days)
Fig. 8. Effect of cold exposure on oXygen consumption rate of liver mitochondria and

Nat-dependent oxygen consumption

rate of liver slices in rats

*QO,(M) : Oxygen consumption rate of liver mitochondria
**Q0,(T) : Na*-dependent "0xygen consumption rate of liver slices
Each point represents the mean of 8 rats.
Vertical bars represent -1 standard error,
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‘TABLE 10. RELATIVE CHANGES IN OXYGEN- CONSUMPTION RATE OF LIVER MITOC-
HONDRIA, Na*-DEPENDENT OXYGEN CONSUMPTION RATE OF LIVER SLICES,
AND Na*-K*-ATPase ACTIVITY OF LIVER HOMOGENATES DURING COLD

EXPOSURE IN RATS

Duration of cold exposure  Mitochondrial oxygen

Na*-dependent oxygen

Na*-K*-ATPase activity
(days) consumption rate (%) consumption rate (%) (%)
0 £ 100.0 100.0 100.0
1 142.2+13.7 104. 149.7 125.3+1.7
2 150.0410. 4 185.4+14.1 153.7+16.7
7 151.2+16.6 172.31+19.4 177.6+12.9
14 152.149.2 161.8+21.1 176.3110.1

Each value represents mean -1 standard error of 8 rat.

i 2

BB control
(] ao,m*
200} Na*K*ATPase actlvity
| B aoami** T, ].
~ =71 :
¢ 100} ﬁ{% %
@ % /
0 i % i %

7 14

Ouration of cold exposure (days)

Fig. 9. Relative changes in OXygen consumption rate of liver mitochondria. Na*-dependent oxygen
¢ consumption rate of liver slices, and Na*-K+-ATPase activity of liver homogenates during

cold exposure in rats

*Q0.(M) : Oxygen consumption rate of liver mitochondria
**QO04(T) : Na*+-dependent oxygen consumption rate of liver slices
Each point represents the mean of § rats.
Vertical bars represent +1 standard error.

9 717k ek Vmax 2]7b fA8 Zobeixu

Ku & Oﬂ%‘c‘ H W37t ¢lgleH(Table 8, Fig. 7).

=744 9] Nat-dependent ALiR G 7

ES
7 5% A 0.147-0. 00840, /hour-mg tissue
Al k2 ul 2256l 0.224-0. 020410,/

hour-mg tissues. 73 %—7[-(P<0. 05)9 ¥,
2w UYAZA ¥ WEE uoxy okt
o] 9 $-AbE4A mitochondria Y9 Jastn g
QA FYRA =2 A 43941, 6940,/hour-mg
proteinol A =& w1 297 65.8-14. 54140,/

_.9"?»_



TABLE 11. EFFECT OF METHIMAZOLE ON OXYGEN CONSUMPTION RATE OF LIVER MIT-
OCHONDRIA, Na*-DEPENDENT OXYGEN CONSUMPTION RATE OF LIVER SLICES,
AND Na+-K+-ATPase ACTIVITY OF LIVER HOMOGENATES IN COLD ACCLIMA-

TED RATS

Mitochondrial oxygen

Nat-dependent oxygen

Na*-K+-ATPase

Group consumption rate consumption rate activity (zmoles
(10, /hour-mg protein) (ulO./hour-mg tissue) Pi/hour-mg protein)

Control 43.9-+1.69 0.14:+0. 008 1.0410.03

Cold exposure (7 days) 66. 417, 28%* 0. 24:+0. 027%* 1.8530. 13*¥*+*

Cold exposure (14 days) 66. 8-4. 03%¥* 0. 21:0. 030* 1. 830, 10%**

Cold acclimation with

administration of 56.8+7. 17%

0. 22-+0. 026**

1. 33-0. 06***

methimazole (7 days)

Each value represents meanzl standard error of 4~8 rats

¥P<0.05 **P<0.01 ***P<0.001

E} Colg effect
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g  8or [’::j Mathimozole
eitect
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Mitochondrial oxygen

(w202Mour - mg protein}
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No*-dependent axygen consumption

rate (p LOx/hour mg tissue )
(=
~
N

ol— S

Nat-KE-ATPose octivity
(3 moles Pi/hour -mg protein}

(=]

7 14

Duration ot cold sxposure (days)

Fig. 10. Eflect of methimazole on oxygen consump-
tion rate of liver mitochondria, Na*-depen-
dent oxygen consumption rate of liver slices,
and Na*-K*-ATPase activity of liver homo-
genates in cold acclimated rats.

Each point represents the mean of 4~8 rats.

Vertical bars represent 1 standard error

Arrows indicate the date of methimazole

administration.

hour-mg proteine. 2 F43 F7} (PO o=
% v % uh 149 A AR 2 2§45 ek (Table
9, Fig. 8).

Gy stAge] &9 713kl #E 7 homogen-
atese] Na*-K*-ATPase ¥4 %, 7t2% 249
Nat-dependent A4 2§ 2 7} mitochondria
By Arargd Al dste ARt
2= @y =% g 294 o 50%A = T
Astgm 2 ol F 9 149HA AR e 2 s
o] 4= g rH(Table 10, Fig. 9).

C. shHx 20| Lojct EF M
methimazole?| &}

A 579 JELE 1058 2H, TEH
4AEg3 Nat-K*-ATPase $4%9 W3
Table 113} Fig. 106] viebdl wheb et Z

o

B e

" homogenates?] Na*-Kt-ATPase A=, 7tZ&

A A o] Na‘-dependent At B & 2 7}k mit-
ochondria 3-8 ¢ Aa& R4 7247 1.33+0.06
pmoles Pi/hour-mg protein, 0.2210. 026102/
56. 8-+7. 17110;/hour-mg
proteine 2 d &Aolwt 1447 =& Ei
1.83+0. 10 ymoles/hour-mg protein, 0.21%
0. 03010,/hour-mg tissue 9 66. 814, 03ul02/
hour-mg proteino] H[AHE Tha I w@ol #
ot dE&2F 1.0440.03 O,/hour pmoles
Pi/hour-mg pratein, 0.144-0. 008410, /hour-mg

hour-mg tissue %



tissue @ 43. 9+1. 69140, /hour- mg proteino]] &]
4% <9 e F7HP<0.05) & 2o

V. = &

Al z=e] Na'-Ki-pumpe) #4370 744
TEZo gt AAPAae] AFBE O oo}
AL oy AFAS 9o nud o 9ok
= Isniall -Beigi @ Edelman (1974) & o)A
T. & TO%U} e o ZxAqA9 farwg,
Na*-dépendent 4424429 2 Nat-K+ ATPase
B4 Frboh g% B4 W X (time cou-

rse) & woleka stglon, Ismail 5 (1979).

oL AsE 74 2 k& o (monolayer
culture)e] A AA3 wl 9=, Ismail- -Beigi ¢
Edelman (1973)& #1219 zZzdAdd4 T,
AAA Ao Nar-effux 49 §9% 2748 vo
sl et

2+ AAo gol4E 7} homogenatese] Nat-
K*-ATPase ¥4 5 (Table 3, Fig. 2), 7hz=
A 9 ENa*«dependent A&4EE 2 71 mito-
chondria £3 2 Abaa % g-(Table 5, Fig. 4)o0j
44 B22Y 4% 559 29 434 %
75 h‘*ﬂﬁl‘}i =l ol e AdE A4 5
29 5‘7}01] et 554 Nat ol %3 gaa
249 fadEgol 348 ek ol mito
chondna AAY FirisRE o] FHEE vy
o @H B gA) |41 7} homogenatese] Nat-
K*—ATP;ase 2458 FY%A 0w BHe An
(Table 4, Fig. 3) &5 744 3EEY =
7}of _433 ATPase #4 9 Vmax.%| 7} & A 3]
T/I-?S}%l W o]ReE mo} Na*-K*-ATPase

o 4o 294 g ¢ F AUk ojoge »
LT B2 AAF AL okg g Aos
€2 3lew A (Lo 5 1976), Az (Phili-
pson 3 Edelman, 1977) @ 2 4 (Asano &,
1975)05’4 A G 9o,

Weiss (1957)% 8172 A B w247
F A A 2R AR Aaa

HE ks ers A 139 Al 25

A2 FYRAAIAY 24
SRR S EROEE)
olst B AdE

Egol FgS
E&Y Fobsb 74
ol ocka A A sk v
87 AEDez w29 4 R =
~ofl 13k Nat- -K'-pumpe] &85} age
datel Ay el M5 e ey, oga
e AAE LAY A4 A YA
To 3% @87 29 % ub 1946 7
et nFRE e 443 gasel ub 14
YAl A= f48 gte 292 g
Tev2e 4870 =294 wet gz
Hel A% ase 442 Jedygdes e
A 8N Ty/ T & FY8A0 .‘r-%%f’ﬂ
w2l ZF7bebg o (Table 6, Fig. 5). old
homogenatess]  Nat-K*-ATPase ¥AHE, 7,_1_-
H 44 Na*-dependent Jazrwg =
mitochondria & ] 444 8.8 (Table 10, Fig.
NE AL BF f418 A4 HEL vz
3L glem, Nat-K*-ATPase &4 £9 E%A
T4 A A 9w (Table 8, Fig. 7) ATPase
o Vmax X7t Gy Z7sts Aoz u
ob Na*-K*-ATPaseo] & 4o] Fhd e ¢ 4
siede.
oletE A 19 0] oo 8 93
Eof vebut Zqlx }ohid @A x4y
Qg W A Ty $29 Z5e] 98] Ismail-
Beigi @ Edelman (1970) o] F43 upsp 7
o] Na*-K*-ATPases} @43} HolA =z A5}
mitochondria £ o) 9] iz m $o) F7et
AAA £ 9Fe4 g, 28 Fig. 11e] 4 o
ol B Nk g wxiziﬁ- TR
o =&07 8 « 7k homogenatess] Nat-Kt-
ATPase &4 k9 h%}‘»’}r FxHAA e Nat-
dependent A& % 59 W3l o] e A A A ql
BH(P<0.001)0] £go] 830} ofupx Lid
A7 %239¢ 9 mitochondria E3 o A4
AeE 289 Fohe 94 T, ¥x9 2oz
Na*-K*-ATPase 4 o] Fi=o] ADPe] $g
#o S7kd e 2d veg Asen Azt ot
2 A 52 &0 del AP mito-
chondriao] 4 9] A3l-$¢ Z7145% (Hoch 3
Lipmann, 1953), 3} mitochondriadf] 4] “carrier-
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o Hypothyroidism
o Hyperthyroidism
x Cold exposure

2001 = Control

lon rote (%)

y=0.692x 1 251
b 2 0.85
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o] 100 200
Relotive Na'-K'-ATPase octivity (%)

Fig. 11. Pelationship between changes in- Na*-dep-
endent oxygen consumptivn rate and Na*t-
K+-ATPase activity of liver in hypothyroid,
hyperthyroid, and cold exposed rats.

mediated ADP 43 &¢ AA Z7 A7 o=
(Babior %, 1973) 2280 JeB2 §¥x%
A Z79 243 T B=71 74 mitochondria
o A Asse FAD A E Ag F
& fAl=h

% Seller ¥ You (1950)$} Hsieh % Carl-
son (1957)e) }ER B EF Aoz A7
o] #A4 FANAE BAA/NTANE 8
AAE A AZo| A5tz s, ol Sz
o AAe AR ol FHAS BV Kis
2aAqe 9. £ & 499 A4FAA
FYsAel x2=H9e W AW T FE =
z ul 199 HzAd 2F F AF A A
7+t ue] (Table 6, Fig. 5) 7} homog-
enates?]| Nat-K*-ATPase &4 %, zr 2443
o] Nat-dependent At & = 7} mitocho-
ndria 280 ArAELE xF o 29 Aol &
R4 2 F AE BA FAHRE (Table
10, Fig. 9), A5 Z A% 9 gho] 2T
W ggA Z7het A (Table 11, Fig. 10)2
z ol #dx2d 27d F4d 3W T F
sl o%te] A zA 9 HraR§ P Nat-
K+-ATPase §40°] %713 Fole 22 A%
A $AHE Aos 44

¥ Hefco 5 (1975)¢ ¢¥ &4l I4F

24~48A 5 =EAZ A% 839 Te, Tu 5
=7} 2A 7ol ulo] A4t A% BA AEAL
Sz wwslz, Scammell & (1980)& ¢¥#A
o 1237 »29 379 834 T F=7 4
z7d g AsAev T, 2L dFe] 4%
o, o] E(1981) & &YHA 1F~2F7 =
29 379 49U T, =9 A F7hst
T 559 7t4% 232¢ v ek o= A%
= 2 AAdA g3 T, 527 4E34
29 a 1dae Az wld 34% F7H
g ¥ Az Fasd @ 4dAd e A2
&3d] 2AY A Fol st a8} Na-
kashima & (1981)3 Roy & (1977)& #3873
o 727 20~37¢ 2 8AFL =FAA A
AR T, 2 T, 527 dzgd sl e
dgctz 2ag v gEd ok ¥ AAFF
& Aot olgge ol FEIRAAY =
277, =257 oAdd g4, =FA4
@9 @ strain 59 EgA] 270l 3E2E T
2ol 48 v et Aoz A=

A%d A8 FAS 98 FIRAEA =%
Hae @ AR T, & g A F
&30 daA Qe ojgge Ade A4
3 & Aot Torb Ty 2rd 4ol A &
A EE 7bA" (Mountcastle, 1980), AEA
o i A" T o 80%7F T2 A 3= o
2 AeA 98¢ grhe A (Abrams 2 Larsen,
1973 ; Oppenheimer %, 1972; Oppenheimer %
1979)3 Fi A A5 AN A Tl A Te
29 Aol 2Tl vld FA F7tEn ol
Ge Aol @UALA T, 449 Fo 44
o] 5 (Hillier, 1968 ; Rernal ¥ Rey, 1975 ; Sca-
mmell %, 1980), @387 232 LAAA
Tot W 245 E gol F7hde » z (Her-
oux @ Brauver, 1965; Straw, 1969)& ¥
2o, 2 AAdA 3 T, F=7 gy 3+7
o x2dd wat Fasz AAAeE To/T
ulgo] FAE AL A ¥ e sz
Az o

o el AgARE FYHAd =2HS
AzA e ArzEge 70t YRR =%
g 27 ZAR 2P To 3xel 24 Na*-
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K*-ATPase ¢4 Z7/5 A3 mitochondria
o Ashee] 27 o ey gaoz A7y
W oolohte Hake] $y Fole Y T,
T Fasses 2 gdst &8s Ao
< 237 ¥,

V. & <

IR =259 9 HAAlo) F7hsk
=7 Pﬂ% T A FHe A FHAAS A
B bl gy BAe rxnge wel ¥4
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dent A&z 2 ¢ 9 7} mitochondria 9 2
EAEGE 27 d)e et e ARE dg
oF.
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~—Abstract -
Effect of Cold Exposure on Thyroid Thermogenesis in Rats

Ae-Ran Hwang

In Chon Junior Nursing College

It has been well documented that animals exposed to cold show increased activity of thyroid
gland. The calorigenic action of thyroid hormone has been demonstrated by a variety of in vivo
» and in vitro studies. According to Edelman et al., the thyroid thermogenesis is due to activation
of energy consuming processes, especially the active sodium transport by the hormone in target
tissues. lf so, the increase in thyroid activily during cold exposurc should induce increased capa-
city of sodium transport in target tissue and the change in tissue metabolism should be precisely
correlated with the change in Na*-K*-ATPase activity of the tissue.

This possibility was tested in the present study: in one series, changes in oxygen consumption
and Na*-K+-ATPase activity of liver preparations were measured in rats as a function of
thyroid status, in order to establish the effect of thyroid hormone on the tissue respiration and
enzyme ‘system; in another series, the effect of cold stimulus on the serum thyroid hormone
level, hepatic tissue oxygen consumption and Na*-K*-ATPase activity in rats.

The results obtained are as follows:

1. The Na*-dependent oxygen consumption of liver slices, the oxygen consumption of liver mit-
ochondria and the Na*-K*-ATPase activity of liver preparations were significantly inhibited in
hypothyroidism and activated in hyperthyroidism. Kinetic analysis indicated that the Vmax. of
Nat-K*-ATPase was decreased in hypothyroidism and increased in hyperthyroidism.

9. In cold exposed rats, the serum triiodothyronine (T3) level increased rapidly during the initial
one day of cold exposure, then declined slowly to the control level after two weeks. The
serum thyroxine (T,) level decreased gradually throughout the cold exposure. Accordingly the
T,/T, ratio increased. The mitochondrial oxygen consumption and the Nat-dependent oxygen
consumption of liver slices increased during the first two days and then remained unchanged
thereafter. The activity of the Nat-K*-ATPase in liver preparations increased during cold
exposure with a time course similar to that of oxygen consumption. Kinetic analysis indicated
that the Vmax. of Na*-K*-ATPase increased.

3. Once the animal was adapted to cold, induction of hypothyroidism did not significantly alter
the hepatic oxygen consumption and Nat-K+-ATPase activity.

These resu}té indicate that: 1) thyroid hormone increases capacities of mitochondrial respiration
and active sodium transport in target tissues such as liver; 2) the increased T level during the
initial period of cold exposure facilitates biosynthesis of Nat-K+-ATPase and mitochondrial enz-
ymes for oxidative phosphorylation, leading to enhanced production and utilization of ATP, hence
heat production. :
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