W] A13d A2

Fgol =23 AAdA FAA 320
AL Aell v = 4 F

=2
I.4 2
I. 4gAs 9 44
0. 442+
V. = iy
[’ X—] -
FLEECl E#A =& Aol &

AAE F7HA 7 2 °§—’5_‘—'§% ZaeAddozA A

& R4 Aok oW A4 ARe B
Ao %5 27]e= F & shiveringo] &
A FEBAe 229E A7) 23RS
E e 33y gAd 328, catechol-
amine 9 glucocorticoide] ol3] Fi=l= 94
Atql nonshivering thermogenesise] 2] & 3}A
2 o} (Sellers ¥, 1954 ; Smith 2 Hoijer, 1962 ;
Harrison, 1964 ; Mount, 1979).

A SE2Eol FYRAFANY Y& L
Aolagte AL Aol A 2= 39l thiou-
racilz 44 z2Ee 4o dAd NAE
Y FA xE2AD B TEFEe] 3~741H
yhal o] FEo A4 22EE FoAT AHA$
FFZ AE7I7ke] dARdol muEHWA FH
(Leblond 9 Gross, 1943 ; Ershoff, 1948) <&
Aom 23 A 20 dPZAd =2

At
v.2 &
F=zid
I E2E

A= G et &
% o2 39 FEE @
WEA =&2A71d 722A FAS Fohsz
AW EFAAY Fol, Az F49 2
colloid®} 7}4:(Kenyon, 1933 ; Rand %, 1952),
7444 9] radioactive iodide A& &3 G2 -go
%7} (Cottle @ Carlson, 1956 ; Gregerman g
Crowder, 1963 ; Straw 2 Fregly, 1967 ; Galton
2 Nisula, 1969) @ AAA£2 8§92 Zr}(Sellers
4 You, 1950 ; Stevens 5, 1955 ; Guz &, 1961)
o qigEol s R Ade
“&ﬁ’r%*’ﬂ =24 d 23R Yol A"k
F& FAolh

A3 328 A7 A4 FAdd @)
A 1970\ Ismail-Beigi @ Edelmdang 3]z o A
A B2EY Fo At EFAZAA S
2 AxniE g 90% °]do] Nat-K*-pumpej
3 oA o] &oll FAdctx dg =z 2F 7}
A 52 Ee ZAJ| G &3t Zh(Ismail-
Beigi 2@ Edelman, 1971), =7 Z(Asano %,
1976), A (Philipson % Edelman, 1977), Al
A Lo 5, 1976), AN Fe9 =3 (Kawada %,
1969) 2 A A 39 » =7 (Valcana @ Timiras,
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1969)ell 4] Na*-K*-pumps} Zg3tcte Aol 1
zE et

ol 47 e Ygog HwAW FEo FYF
Aol AEH o2 xzy Ao AP F
be A3A71% A wg Na*-K*-pumps
243 dgtvtz 4Asnz, AR Y
Aol =29 AAMA g3 gD ZEEY
FEE &A% 3 7 homogenatese] A] Nat-K*-
pump® FHAA Ed#Hql Nat-Kt-transporting
adenosine triphosphatase (Na*-K+-ATPase) &
A= (Skou, 1965)% &Astz, ZzAAHY

Na*-dependent At44 % ¢ 2 7} mitochondria

o E7) 424

3
o 9¥E WonA £ ATE A

A AEANE

1. dYSE

A% 200gm W AQg %34 (Sprague-
dawley) & 1504 FEA A Ag3te] 7]

AR AR

ALAL ¥ & AYel 48RP A5k @
Bo] 15% ol Aolwl Ao 3% ol 4 T4
Ag TYAEE AgARgen AFE AT
SEEEES

2. HEF

ARFL Table 1o] vhehal vk} o] WzF
% o) AYTos FEod 43¢ +995 0

B. dlga

1. 8 YMMSERE 529 £F

YA % etherz wfH A7 * 22 24 e
2 Bt FRAYSANA HYGE FE o T
3,000Xgell Al 10¥-7 4AAAs ) ¥H & ¥4
sgon, FHE @A —20°C WFAo) »
#slg th. @Y triiodothyronine (T;) 2 thyr-
oxine(T,) ¥ =¥ radicimmunoassay ¥-& =&
3ty &4 519l o} (Sonksen, 1974).

7}. Triiodothyronine(T,) 9] &4

AQee] 24szA e FU(To)o] Tyl
= 3 s50ud9t 0.1% bovine serum albumin
(BS.A)H FAYE FA9L Wz Ex™
BTy £4 200458 Y2 B EFY 3 T,
antibody coated beadsE RAB-Loader& o]-£3}

®

TABLE 1. CHARACTERISTICS OF EXPERIMENTAL ANIMALS

Group Number Room temperature Inducing. method
of rat 0

Control
(The Ist group) 8 241 eeeeeeerereneeeeiete st es sesaaeae
Hyperthyroidism 8 2441 *Peritoneal injection of Na*-L-thyroxine (0.5
(The 2nd group) mg/kg) daily for 7 days
Hypothyroidism 8 2441 *Methimazole was added to the drinking water
(The 3rd group) (0.05%) for 14 days
Cold exposure 32 3=+1 1,2,7, or 14 days of cold exposure
(The 4th group)
Cold acclimation with 4 3+1 14 days of cold exposure

administration of met-
himazole (The 5th group)

Methimazole was added to the drinking water
(0.05%) during the last 7 days

3 according to the method of Tedesco et al. (1977)



o FA Z A Yz o] F H2dA
190 r.p.m. 2] shakero] 4] 14 7}Eqt 50 F
A EAg T old BEFA ZAE ddAE
Ts B2F9(0.0~0. 8ng/m)) 50u1% FL& ¥y
o2 d3AZY gl BTt F FI—-A
A¥93 fE8& 44 EeEE] 98 RAB-
screeng A PAA ol A F dolA FL—
A 7} ub-2= beadsztg A3 L4 AAA
A, o]A & automatic gamma counter (PAC-
KARD, US Ao A 12704 BA S 243519
EEFAE AAT o¢ ALFTEAA AN
AW Ty ol wet 549 WAs¢ BEFA
Aol A 9&o2x A& ot

1}, Thyroxine(T,) &z o 23

Te 52345 2 ez Agsdd &4
St2A ste 4 1042k 0.1% B.S.A0] 44
YE Ty &9 30008 ol F E¥R F
“T4 antibody coated beadsE RAB-LoaderZ- o]
£35te] FAol 4 A @A o] & Aol
Al 190 r.p.m. o] shakere] 4] 14 7}%FQl &5
FAA EAZA TG old BETFA FA4 L 44
A& To BEY (0~24pg/100ml) 10p1E AHE-3t
o TG Yo E A T 4 T
SEERS T4 Pz AEIY

2. Z=EX|HE 40 mitochondriadii{e] At4s
ADE &

b 7+z2Z A8 A= 9L mitochondria 22}
g AR A v 2°C Uz YAL

71 Na*-Ringer £dujol ¥z
microtomeg o]-g3te] <k 0. 4mm A 2 7tz
AAA¢ AZagch ol A8e Na*-Ringer
Lol 242 130mM NaCl, 5mM KCl, 0. 5mM
MgCl,, 1. 0omM CaCl,, 5mM NaH,PO,, 5mM Tris
{(hydroxymethyl) aminomethane, 10mM glucose
o]z, pHE 7.42 =43}y c}(Bernstein %,
1973).

7t mitochondria®] 2] Hogeboom (1955)
o] Wyo] whek APt F h& ¥ A
3te] wlg] 2°C Yo = \«gz}-/\]ﬂ 0. 32M sucrose
Qv YA FFR F dz ZA 29
A" o2 ulEqth. 2% 23 lgme 10mle

Stadie-Riggs

ks asA A1 A2

0.32M Sucrose.%@}-% 7}ste] Dounce homog-
enizer2 FFA Y& FAAINZ o] F YFLA
71 (Sorvall RC 2-B)E o] &3a 6~3°CollA
800Xg2 10%-7F 4AAAY” F 2 334& o
A 8,000XgZ 20%7 943 A3t mitocho-
ndria 23} B-a]3dlgr}. o] mitochondria 28
o Az< 0.32M sucrose -ER-& 713l ol &
R T A 8,000Xg2 2087 4433
3td 8] 2A 4 4% mitochondria $3-& 49
o},

g Asang 54

"Na*-Ringer £9o] Eojgls 37°Cz =44
test chamber <fo]] A|FE ZxAAFE 71 F
E7} 40mg/3ml 5l €& 2 3 incubation 3+ =
RAzAY qdasme g% AU Fagsdt
(Poy) 9] 7+4 & Po, sensitive electrodes} oxygen
monitor system (Y.S.I. Model 53 SA)e g &
Aslz o] & recorder (Sargent SRL)e| 7] Z3}

Arh AxaEEE ALEEe Wild &9
AEEAEE Fotz S F AF 24& @

% ol & pl 0,/hour-mg tissue weightz el
gt olwll Fxatd] Eolgly T4 9 test cha-
mber & Fjr}o] = ouabaing 1mM = A A r}st
o AsiwFs ZA3x o] #F ouabaing
AsFstA ¥& ohE chambere] A44-Hakstd
28 Fgo 224 Nat-dependent AR ES
Fa19 o}

7t mitochondriac] 48] A4A 2§ 24L& A
713 wheh 2L ez FA s 3mig incu-
bation §-°§vj¢] 3mge} mitochondria #-8 & A
sk em 2 g pl0y/hour.-mg proteino 2
Vel gt o]w incubation £-9 o] zA e 87
mM KCl, 6mM MgCl;, 12mM Na,HPO,, 3mM
NaH,P0,, 12mM NaF, 100mg% glucoseo] i pH
= 7.4 zA39}(Chance ¥ Williams, 19
55). 223
diphosphate (ADP)=-

phosphate acceptor23 adenosine

0.1mM = =5 Hsig ).
3. 7 homogenates2| Na*-K+-ATPase %!
MNE &4

24 lgmg Ao vle) 0~2°Cz 47
A7l 10ml2] homogenizing medium (0.25M



sucrose, 1.25mM ethylene glycol-bis [8-amino-
ethyl ether] N, N-tetraacetic acid, 10mM Tris
[hydroxymethyl] aminomethane, pH7.0)e] 2
Z 792 443 S vhE % teflon-glass homo-
genizer&- o]-£3le] homogenatesE u}-E 3 o]
deoxycholate -8 (250mM mannitol, 30mM
histidine, 5mM ethylene diamine tetraacetic
acid, 0.25% Nat-deoxycholate, pH 6.8) 1m!
¥ A7bstd 20°Coll Al 2087 incubation A] 7]
F o] & ¥ 593 7) (Sorvall RC 2-B)o] 4] 8,000
XgZ 2087 4AAASRS 2 F590 8 H6qa
o} (Ismail-Beigi @ Edelman, 1971).
Na*t-K*-ATPase &4 ¥+ 7 homogenates?]
8,000Xg £ 9 AFAdA At F A
9% 2432 FE- 0.15mg/m! =5 ¥ 5 incu-
bation &} ujeo] @3 37°Ce] 4] incubation %
@ Na*t-K*-ATPase2 ¥ 8 Ei5e] o F
714 FDY F& ZH s AEsg ). Incu-
bation &4 9] 24 & F ATPase S5 &4
Ao &= 100mM NaCl, 10mM KCI, 5mM MgCl,
50mM Tris (hydroxymethyl) aminomethane,
5mM adenosine triphosphate (ATP), pH7.4 o]
Rom Mgtt-ATPase FHE ZAH Aol & o] F
o4 NaCl 9@ KClg¢ A2 AAx ouabaing 1
mMo} = =% 3 sebgl o+ (Skou, 1965). A u
Y2 &9 .2 preincubation -goo] & g}
o Yz 10¥7k preincubation 324 ATPZ
7bsle] 5&7F incubation 3 I o7lo] 12%
HCIO, (0. 2mI/m! incubation £94)& 7}a}ef ut
T FEAANZ AL 3,500Xgel A 1287
QAAA% F 4398 H4 Fiske ¢ Subba
Row (1925)¢} whyol wet =z <9 Frjqa
=5 2R3 olu) Nat-K*-ATPase &4
ET_— % ATPase &4 x (Nat, K+, @@ Mg*+ o]
BE ZAsE $9o) A8 Pi 44 )sh MgH-
ATPase &4 = (Nat 2 K*o] A9 5] 3 ouabain
of Astd BAlA Pi A4 AzH T
st et

Mitochondria - -g-of 3}
Xg 99 FFde G

homogenates?] 8, 000
A v e

o =TT

Gornall &

(1949) ¢} Biuret u] AW & o] £3t] &4 s o

o, @A FFo 0 2= bovine serum albumin

& Ag3get

Ay At
A TAMTIs AEHol ctE - Q—
MAMsaE S5, ZIXEX|Q AL
58 8 Na*K* ATPase A0}
&3t

2 AYdA 3@ AT FAF 2 A
S5 dAo YW Ty 2 T, $5& Table
28} Fig. 1o veby wbe} ek, & T, 5=+
434 7)ol A4 HEFY 71742 73ng/
100mlel] ®l3] A 2 Fel A& 900. 74233, 80ng/
100mig 23 A F7H(P<0.01)3}g 2, A 3F
ol A& 31.8711.63ng/100miZ. S QUA ZHa
(P<o.00D) 39 ct. =3 T 35X A 2 2o 4
£ 83.824-19. 38ug/100mlo] . A} 3 Foll A = 1. 2%
0. 1448/100mi2. 279 4.24740. 1368/100:
mie] W& oA F7HP<0.001) F& i
(P<0.00D) 3 o)8ld Ad L EAYPNA
AHed Wwyos 7&%/‘47]-‘5— F1%F 2 A%E
of mdHos fislgdee ehich

AN 2R 254 3:}0{1 w & 7+ homog-
enates®] Nat-K*-ATPase A r & dzi9
1. 0430. 03 pmoles Pi/hour-mg proteino] wu}s}
Al 2 Foll 4+ 2.1840.15 gmoles Pi/hour-mg
proteine 2 929 A F7t (P<0.001)3 =,
Al 3FANAE 0.711+0.03 pmoles Pi/hour-mg
protein © 2 o} SIQIA 74 (P<0.001) 3+
(Table 3, Fig. 2). Na*-K*-ATPase &4] £
A YA P42 ATPase] Vmax. 9
KuAl e A7 dz=Fd A 1.29umoles Pi/hour-
mg protein, 1.14mMo]¢lz, A 2 oAl 2.97
pmoles Pi/hour-mg protein, 1. 39mM, A| 3 Fj
A& 0.89umoles Pi/hour-mg protein, 1.05mM
2 Vmax. A & A 2 FA F7retgd =z A 3Fo)



TABLE 2. SERUM T; AND T, LEVELS IN EU-
THYROID, HYPERTHYROID, AND
HYPOTHYROID RATS

-Group T, Ta
(ng/100m! serum) (ug/100m! serum)
Euthyroidism 71.7%2.73 4.247+0.13
Hyperthyroidism  900. 7--233. 80* 83.81419. 38%*
Hypothyroidism 31.841.63%* 1. 2140, 14**

Each value represents mean+1 standard error of
8 rats.
*P<0.01 **P<0.001

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

RATS
Croup Nat+-K*+-ATPase activity P
(« moles Pi/hour.mg protein)
Euthyroidism 1.043-0. 03
Hyperthyroidism 2.1840.15 <0.001
Hypothyroidism 0.7140.03 <0. 001

Each value represents mean -1 standard error of
- 8 rats.
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Fig. 2. Na*-K*-ATPase activity of liver homog-
epates in euthyreid, hyperthyrcid, and
hypothyroid rats

Each point represents the mean of 8 rats.
Vertical bars represent -1 standard error.
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Fig. 1. Serum T; and T, levels in euthyroid,
hyperthyroid, and hypothyroid rats
Each point represents the mean of 8 rats
Vertical bars represent+1standard error

Ae Zastgdov Kull & ol A9} bz

w3}8}7 @9kei(Table 4, Fig. 3).

38 7bz2 A9 o] Nat-dependent A4 A4+ 2 -8
7} mitochondria 282 At m-go) Wil
Table 59} Fig. 4¢] A ¥ ulg} Zoh
Na*-dependent AlAA4 R 8- 279 0.14

0. 008x/0,/hour-mg tissueo] u]3} A 2 Fol 4]

= 0.194-0. 021210, /hour-mg tissueZ 2] 9] g Al

Z7H(P<0.05) 8t 2, A 3FAE 0.08+0.0

10x0;/hour-mg  tissue®  goYA F2EP

0.001)3t¥9 o}. =3F mitochondria ¥3 9] Ab4

AREL dEFY  43.9%1. 694/0,/hour-mg

proteino] u] 3} A 2 Foll A& 111.047. 9560,/

hour-mg proteine. 2 28j9lA4 Z7}(P<0.001)

A 2, A 3Fd A= 20.8+2. 024/0,/hour -mg

proteine 2 o} ojgi A 74 (P<0. 001) 3+ o

(L S L g



TABLE 4(A). INITIAL VELOCITY OF THE Nat-K+-ATPase REACTION AS A FUNCTION OF ATP
CONCENTRATION IN EUTHYROID, HYPERTHYROID, AND HYPOTHYROID RATS

ATP concentr-

Euthyroidism

Hyperthyroidism

Hypothyroidism

Nat-K*-ATP Nat-K*-ATP

Na*-K*-ATP Na*-K*-ATP
ase activity/

Nat-K+-ATP . Na+t-K+*-ATP
ase activity  ase activity/

ation (mM) ase activity  ase activity/ ase activity
(pmoles Pi/  ATPconc. (pumoles Pi/  ATPconc. (umoles Pi/  ATPconc.
hr-mg protein) br-mg protein) hr-mg protein) :
1 0. 591-0. 019 0.5910. 019 1.224:0. 036 1.224+0.036 0. 42+0. 037 0.4240.037
2 0.8310. 026 0.41+0.013 1.7240. 274 0.86+0.137 0.56-40. 029 0.28+0.015
3 0. 93-+0. 005 0. 30+0. 003 2.05+0. 105 0.68+0.034 . 0.6410.018 0.2140.007
5 1.04-:0.013 0.2110.004 2.2610. 098 0. 451:0. 020 0.712-0. 028 0.144-0. 006
Each value represents mean 1 standard error of 4 experiments.
sol @)
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Fig. 3. (A) Initial velocity of the Na*-K*-ATPase
reaction as a function of ATP concentration
in euthyroid, hyperthyroid, and hypothyroid
rats

Each point represents the mean of 4
experiments -1 standard error.

Na*-K*ATPase octivity / 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
Y-axis represents Vmax, and the slope repres-

ents-Ku.



TABLE 4(B). Vmax. AND Ku VALUE BY HO-
FSTEE PLOT OF THE DATA SHOWN

IN (A)
Group Vmax. Kx
(umoles Pi/hour-mg protein) (mM)
Euthyroidism 1.29 1.14
Hyperthyroidism 2.97 1.39
Hypothyroidism . 0. 89 1.05

N7 aEsA A13A A 235

TABLE 5. OXYGEN CONSUMPTION RATE OF
LIVER MITOCHONDRIA AND Nat-D-
EPENDENT OXYGEN CONSUMPTION
RATE OF LIVER SLICES IN EUTHY-
ROID, HYPERTHYROID, AND HYPO-
THYROID RATS

Mitochondrial Nat-dependent

Group OoXygen consump- oxygen consump-
tion rate (ulQ,/  tion rate (ulOy/
hour-mg protein) hour.-mg tissue)

Euthyroidism 43.9+1.69 0. 14--0. 008
Hyperthyroidism  111.0+7. 95%* 0. 18+0. 021*
Hypothyroidism  20. 812. 02%* 0. 084-0. 010**

Each value represents mean +1 standard error of
8 rats.
¥P<0.05 **P<0.001
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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 ¢. EFFECT OF COLD EXPOSURE ON SERUM Ts, T¢ LEVELS AND Ts/T, RATIOS IN RATS

Duration of cold Ts Ty Ts/T4 ratio
exposure (days) (ng/100m! serum) (1g/100m! serum)
0 71.712.73 4.24+0.13 16.91:0. 47
1 95. 81-4. 85%** 4.0230. 30 24. 51, 74%**
2 83. 31+4. 26% 3.4040.38 27.04:3. 33%*
7 78. 4-6. 07 2. 841-0. 3Pk¥* 28. 6k 1. 87¥¥*
14 61.413.98 1. 2840, 28%** 53. 61-8. 86F**

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

*P<C0.05 **P<0.01 **P<0.001

C 1
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~ 5t T 1i00 ~
0 B e g
%4“ % L I deo:\c?.
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23 % Z /’T\ ~GO.§
. / % 20
ol nn

Duration of cold exposure (doys)

Fig. 5. Effect of cold exposure on
Each point represents the

serum T3 and T, levels in rats
mean of 8 rats.

Vertical bars represent 41 standard error.

B. shdgtdo &5 ZFoAM BH
W UMHSERE 55, ZEXX(9] At
AAmE g Nat-K+-ATPase §4J
zo| s}

AU To 322 YFHA =29 F 91
Qo] W 2F9 71742 73ng/100mls} A 95.8
4. 85ng/100mIZ. F7 3] 27137 (P<0. 001)
7k 294 o] & 83.3%4. 26ng/100ml2 Ztad F

— 94

o

A AA3 Fha=o] YT Fe] =F"HA gk
144 A o]l = 61.4-+3.98ng/100mlZ |2 FH §
A e Bk 3 A3 W Ty FEE B9
#Al =2 wtel A} gFasie] 9 14dA
o+ 1.2810.28ug/100mliz HZF2] 4.24+
0. 13¢8/100ml &) _;7@51 74 (P<0. 001) 3L
oh otk HAW To/Te vl £ B BA =
23 77 vk BzFe) wa A FIh
(P<0.01) 3t e} (Table 6, Fig.5).



TABLE 7. EFFECT OF COLD EXPOSURE ON
THE Nat-K*- ATPase ACTIVITY OF
RAT LIVER HOMOGENATES

Duration of cold Na*-K*-ATPase actiﬁty P
exposure(days) (umoles Pi/hour-mg protein)

0 1.0430.03

1 1. 30%0. 02 <0.001

2 1.60%0. 17 <0.01

7 1.852-0. 13 <0.001
14 1.83+0.10 <0. 001

Each value represents mean -1 standard error of

3or

20r

1.0}

2.9
~

Doys in cold

o o0
. 7
x 14

N2 A A13d A 25

8 rats.

~n
Q

No'-K*-ATPose octivity {umokes PI/hour - mg protein}
! o v
L] =4

o

[}

2 7

Duration of cold exposure {doys)

Fig. 6. Effect of cold exposure on the Na*-K+-

2]

ATPase activity of rat liver homogenates
Each point represents the mean of 8 rats.
Vertical bars represent 41 standard error.

Nef-K™-ATPosa activity (u moles Pl/hour - mg protain)

B T T v
No*-~K*-ATPase activity / ATP concentrotion

Fig. 7. Hofstee plot of the Na*-K*-ATPase reaction

of liver homogenates in cold exposed rats
Each point represents the mean of 4 expe-
riments -1 standard error. In this plot the
intercept of the line with Y-axis represents
Vmax and the slope represents-Ku.

7} homogenatese] Na*-K*-ATPase &4 %+
3y Ao =24 1.0410. 032 moles Pi/hour-
mg proteino] P& Ao] x=Z wl 2d A4 1.60+
0. 17x moles Pi/hour-mg proteine. 2 F74 3| &
FHPL0. 00" F =% u 148A7R] W
2 3oz ¢gkrh(Table 7, Fig. 6). Nat-K*-
ATPase ¥4 =9 3884 2425 Vmax.g

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

Duration of cold exposure (days)

ATP con- 0 7 14
centration ~ TR
(mM) Na*-K*-ATP Na*-K'-ATP Na*-K7-ATP Na~-K'-ATP Na*K'-ATP Na'-K'-ATP
ase activity ase activity/ ase activity ase activity/ ase activity ase activity/
(umoles Pi/hr (umoles Pi/hr (umoles Pi/hr
~mg protein) ATPconc, -mg protein) ATPconc. -mg protein) ATPconc.
1 0. 591-0. 019 0.59:10. 019 0. 924-0. 094 0.92+0. 094 1. 1530. 007 1. 15+0. 007
2 0.83140.026  0.41740.013 1.4030.074  0.7030.037 1.60+0. 010 0. 804-0. 006
3 0. 931-0. 005 0. 304-0. 003 1. 63£0. 156 0.54-0. 053 1.894:0. 045 0.63-+0.017
5 1.044-0.013 0.211-0. 004 1.860.138 0. 3710. 027 2. 20+0. 100 0. 44+0.019

Each value represents mean =41 standard error of 4 experiments.



TABLE 8(B). Vmax. AND Kx VALUE BY HO-
FSTEE PLOT OF THE DATA SHOWN
IN (A)

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

0 1.29 1.14
2.52 1.67
14 2.83 1.45

Kudl&= 27 @826 x2=7] A 1.2%
moles Pi/hour-mg protein, 1.14mMo]A =&
vt 79 =]« 2.52 pmoles Pi/hour-mg protein,
1.67mM, x% ul 14d= o] 2.83u moles Pi/
hour-mg protein, 1.45mME Y Ao L=

[] coom ™

TABLE 9. EFFECT OF COLD EXPOSURE ON
OXYGEN CONSUMPTION RATE OF
LIVER MITOCHONDRIA AND Nat*-
DEPENDENT OXYGEN CONSUMPTL
ON RATE IN RATS

Duration of cold Mitochondrial Nat-dependent

exposure (days) oxygen consu- oxygen consu-
mption rate mption rate
(ulOz/hour-mg  (plOz/hour-mg
protein) tissue)
0 43.92-1. 69 0. 14-0. 008
1 62. 435, 99** 0.1530. 014
2 65. 81-4. 54¥** 0. 2240. 020*
7 66. 447, 28** 0. 24+0. 027%*
14 66. 81 4. Q3*k* 0. 210. 030*

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

*F<0.05 **E<0.01

<70 001
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Fig. 8. Effect of cold exposure on oxygen

consumption rate of liver mitochondria and

Na*-dependent oxygen consumption rate of liver slices in rats
*¥QO;(M) : Oxygen consumption rate of liver mitochondria
**QO0,(T) : Nat-dependent oxygen 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*t-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 bxygen Nat+-K*-ATPase activity
(days) consumption rate (%) consumption rate (%) (%)
0 £ 100.0 100.0 100.0
1 142.2413.7 104.149.7 125.3+1.7
2 150. 04-10. 4 _ 155.47114.1 183. 7£16.7
7 151.2:+16.6 172.34-19.4 177.6112.9
14 152.149.2 151.8421.1 176.3+10. 1

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

Control

(] aopm*

200} Nat*-K*-ATPase activity
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—
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Fig. 9. Relative changes in oxygen consumption rate of liver mitochondria, Na*-dependent oxygen
consumption rate of liver slices, and Nat-K+-ATPase activity of liver homogenates during
cold exposure in rats

*Q0,;(M) : Oxygen consumption rate of liver mitochondria
**QQ0,(T) : Na*-dependent oxygen consumption rate of liver slices
Each point represents the mean of 8 rats.
Vertical bars represent -1 standard error.

2 717tel @2} Vmax J7- 948 Zs48A%  hour-mg tissueE FA3 2P 05)% %,
Ku Aol = 8 ws7k ich(Table 8, Fig. 7). =% = 14d#74 & dA3tS 1o]x] ogt).

k23 A1 9 Na*-dependent 4242 & o9} {AFs1A mitochondria 289 iR g
W} 37 rE Z 0.1410. 0084I0,/hour-mg tissue A Y3 =& A 43.9+1. 69x/0,/hour-mg
KA Aol =& ub 2YAo] 0.2240.0200/0,/ proteino] A =3 wt 2 QAo 65.814. 540,/



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

TED RATS

Mitochondrial oxygen

Nat-dependent oxygen Nat-K+-ATPase

Group consumption rate consumption rate activity (umoles
(ulOz/hour - mg protein) (#l0z/hour-mg tissue) Pi/hour-mg protein)
Control 43.9141.69 0. 144-0. 008 1.044:0. 03
Cold exposure (7 days) 66.41-7. 28%* 0. 24£0. 027%* 1. 854-0. 13***
Cold exposure (14 days) 66. 8+4. 03¥+* 0. 21+0. 030* . 1.8340. 10%+*

Cold acclimation with
administration of
methimazole (7 days)

56.8%7.17*

0. 22:-0. 026** 1. 33:0. 06***

Each value represents mean—1 standard error of 4~8 rats

*¥P<0.05 **P<L0.01 *¥¥P<0.001
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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] Z7} (P<0.01)=
F =% 9 149AAA 22 35 5 9o (Table
9, Fig. 8).

d#Ael xFd 77ke]l & 7 homogen-
ates®] Na*-K*-ATPase ¥4 =, 727 A9
Na*-dependent A4 42§ 2 7} mitochondria
A9 ArrEgd 498 dse 4A7
EE IR =& o 2dAd & 50%AE F
VSR 2 ol F ub 1A A e 9 HEg
o] FX = ¢lt}(Table 10, Fig. 9).

C. sh M S0| Yot B 0A
methimazole2| &1}

A5 Fe AEELE 100%9 o1, Zz49 4
A% 2 g3} Nat-K+-ATPase &4 9]
Table 115} Fig. 10¢] }ehgl ulet 2o} &

" homogenatese] Na*-K+-ATPase &4z, 712

2] g% o] Nat-dependent AlAA R & L 7} mit-
ochondria ¥-3 9] 4442 && 77t 1.3310. 06
pmoles Pi/hour-mg protein, 0.2210. 0264/0,/
hour-mg tissue 2 56.8+7.174I0,/hour-mg
proteine 2 Y A7l 5t 1497 x2A7) F9
1.834-0.10 umoles/hour-mg protein, 0.211
0. 030xl0,/hour-mg tissue 2 66. 8+4. 030,/
hour-mg  proteine] ®lE| A= ok 2 o] B
gtovt dzFe 1.0410.03 O/hour umoles
Pi/hour-mg protein, 0.1430.008xl0,/hour-mg



tissue & 43. 911. 69u/0,/hour-mg proteino)] H]
CAAE 99 Qe 27HP<0.05)F B

v. = &

A Eke) Nat-Kf-pumps] @437 244
Z2Ed 9% ALY A3FEE A
AL o8 745 Jd a6 g
Z Ismail-Beigi 3 Edelman (1974)-& 33
T FAsige A Bagode] drans,

Nat-dependent AlA AR -8§ % Nat-K+-ATPase

$4 29 377 FA4% A4 9 F (time cou-

rse)¢ Beldz g en, Ismail 5 (1979)L

oj9}zt& A#E 7HA E9 3wl & (monolayer
culture)o] ] @A w} ¢l x, Ismail-Beigi &
Bdelman (1973)¢& @AS =Y ZAAA T
AR Ao Nar-eflux &9 o8 F71g Bx
A9+

B YA 9lej4 = 7 homogenatese] Nat-
K+*-ATPase & % (Table 3, Fig. 2), 7+234
A 9] Nat-dependent AtAA%2-§ 2 7} mito-
chondria £8 9 A4 ¥ &(Table 5, Fig. 4)0]
A 522 dF FE AT AR S
Zz wdhged osge Ashe P4 &
EE9Y Frtol wtet 553 Nat ol 53 {34
249 AaiRgo] FrHE ¥ut ok# mito-
chondria A7 9] A4 xFol F718E el
th. 33 E AAo|A 7+ homogenatese] Nat-
K*-ATPase @4 =& Aoz FAH A5
(Table 4, Fig. 3) g4 44 s2gd F
Zhell 2}8] ATPase 84 =9 Vmax.A] 7} & ]3]
F71slg 6 o]RAe 2 o}l Nat-K+-ATPase
o o) FARE ¢ & ARk olgpe »
xE Ao AAY AL o gl Aoz
dx glod AA(Lo % 1976), 4 F=% (Phili-
pson @ Edelman, 1977) 2 &4 Z(Asano %,
1976) .29 A <Al b gl

Weiss (1957)& A& @&l =247
&9 g 329 BHIFel At i

AR A A1z A2z

E o] FUE Rt FIFH A A4
2289 F7t ARV TS ¢ YA
Aol Atz AANR vl o] FE AL 2
AP AFH oz w22 o P44 3=
£l g Na*-K*-pumpe] #4371 HA-§9
Hitel 43 #AE sbs4 & vebde ol @
HedE #AT B AP A4 FolA A
To ¥2& @984 =59 F g 144 7
A gkovt 23R E AN FaHo] 7 14
Aol & H2F3 FAS e 2Pz E3W
Ti 5= $YRAN =ZHd whet gz
vl A asts 4L debigden whet
A P Te/Tev] &2 HYRAA =25
wtet  Fohstglch(Table 6, Fig. 5). o= 7t
homogenates?] Na*t-K*-ATPase &A%, 7=
A AHe] Nat*-dependent AA44AEE 2 7
mitochondria %8 o] A4 4 28 (Table 10, Fig.
9 At BF $AF 444 4FE 2T
Z gler, Nat-K*-ATPase &4 =9 F&g3
FEx Ao o3H (Table 8, Fig. 7) ATPase

o Vmax {7 @YxdA F/hE Aoz B

o} Na*-K*-ATPase®] 4ol FddE ¢ &
A A

o] 47 & HAAZ T ,6 P& 438 YA
so] Yehd ZAAA ohvdd FYFHAR N x2H
Qg W W T 559 Fote] o8] Ismail-
Beigi @ Edelman (1970) %o 33 wie} 7
o] Nat-K+-ATPases} @43 =Hold = Az
mitochondria £3 o A& AR Eo] ZFr}3F
AAA = B34 @vh. 2 Fig. 11644
ol AAA Zl5& HIAZE S At YA
J xFAZH & 9 7} homogenatese] Nat-K+-
ATPase §4 =9 w3l Zhzx e Nat*-
dependent 4R g9 wW3lAlolo] Z A<l
434 (P<0.001)0] Egol ¥ 5ol ol G
HAo) »25H9Y< = mitochondria £ o 4
AL g Fe 83 T 5529 F7tz
Na*-K*+-ATPase 34o] Ze}xe] ADPY &3
o] Frhd o2 vebhd Adstz 4AEn.
av A4 BEEC ¥ AAYIA Y mito-
chondriac] A o] A3}g-¢ F7tA7% (Hoch %
Lipmann, 1953), 3} mitochondriac) A} carrier-
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Fig. 11. Pelationship between changes in Na‘+-dep-
endent oxygen consumption rate and Nat-
K*+-ATPase activity of liver in hypothyroid,
hyperthyroid, and cold exposed rats.

mediated ADP 43 $g2 AA ZsA3d=
(Babior %, 1973) ¥ 2Eo] Jorg JYnE
A F7d AW T; %7 A4 mitochondria
o) A A& F/AA ASAE AT 5
= g4

g Seller ¥ You (1950)¢} Hsieh = Carl-
son (1957)¢] 9j3}4l WA A Loz A
sol 344 JAdAE FAAASARE S
AAE A% 2] stz s, o9zt
L AL AR ZaEo dYdAHS &rdut
oAl £dvh. =3 £ AYe A4 FolA
FEEA =259 PN T 527 =
2 v 1dde] H Ao 2 F AL AA3F
7t4-8tEd wrsl (Table 6, Fig. 5) 71 homog-
enatese] Na*-K*-ATPase &4 %, 7t 2344
9] Nat-dependent A4 A28 2 71 mitocho-
ndria $Y9] AA&L£ZES 23 7 244 4
A 28 F A% EA A=Yz (Table
10, Fig. 9), A5 FA AT ¢ gho] ol 2Tl
w8} 99 9lA Z7}3 A (Table 11, Fig. 10)2
2 ROl Y xE U)o U8 3 T B
Eol g3t A5t 229 Aasw g P Nat-
K*-ATPase §4o] 718 Fol & a2z AL
EA RAEE Aoz 44w

3 Hefco 5 (1975)2 {434 Jz&

24~48A 75 2F A A Y To To 5
=7} 2470l o] A3t A% A ALH
otz B 3§z, Scammell 5 (1980)C 3957
o 1257 =%d 3z 3 T =7 4
2T v AsPout T, F=& Wil g
or, o] T(1981)& YA 1F~2F7 x
25 339 30 T, 329 AL F79
Ty =9 Z4E 23 v Q. o8 A
= £ AAdA €39 T, =71 Y8
&9 a 197} 2T vl 34% F5)
H2 F AR Zadd = 4dAd = zEe
Ao A% Asste Aojslth. zey Na-
kashima % (1981)3} Roy %5 (1977)& 34374
o 77} 20~379 2 8 Fe k2 A7 $Fd)
A 83N Ts @ T 5E5F Az v8] g4
stz Bag v 9lEd olE E ZAH
< Ao, oL Aol FYHAAY =
2717 =357 oAY FFAH, =&A9
A7 o strain 5o g o] T2E F
Eo dg& vd Jvehd Aoz A"

A%E 8 FAEd g8 FIRA =3
HAE& = 239 T, =& dFe] 9AI 7
ago] ¢aA Qe ol AAE E AF
F 2L AFolth. Terb T, Bk o] A} &
FAEE 7Aw (Mountcastle, 1980), A AFA
o WY A" T, 9 80%7F T:2 Ayl
2 43 98¢ b= A (Abrams R Larsen,
1973 ; Oppenheimer 5, 1972 ; Oppenheimer 5
1979) 3 FYHA) A3 FAAAAN TolA T,
Eo) AFo] T ud FAE Frt50 o
Sz Aol FYASA T AL Fo 94
o] =2 (Hillier, 1968 ; Bernal & Rey, 1975 ; Sca-
mmell 5, 1980), ¥l 22 AHNA
Toh We) &A= E %o Fohschs 2z (Her-
oux ¥ Brauer, 1965 ; Straw, 1969)E =23
Edll, £ AFAAN €U T, 5= 384
o =&ge] ue} gasz Ao T /T,
v go]l FUME AL YA SHAY sz
A ZH g o},

o] 3 4823 4G =2HU & A
ZzA L Asi g F77 YA 3
g x7e] S W T, 550 8 Nat-
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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 vive
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. If so, the increase in thyroid activity during cold exposure 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 Nat-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.

2. In cold exposed rats, the serum triiodothyronine (Ts) 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
Ts/T, ratio increased. The mitochondrial oxygen consumption and the Na*-dependent oxygen
consumption of liver slices increased during the first two days and then remained unchanged
thereafter. The activity of the Na*-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 resullts' 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 Na*-K+*-ATPase and mitochondrial enz-
ymes for oxidative phosphorylation, leading to enhanced production and utilization of ATP, hence
heat production.
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