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ERBTRT FRBALEITHE (BHZTESH T REREAEME (1YW 5 pkeg 47
29 MEENRANRAER.EREE. PREMASLAEMBREEHBREE. #1114
WA R AEWAHE ™0 B TR, BT R 86 R 41 R BR BT S R AR LT 4R £ MR Y A AR Rk £
HASTEAA, JFRE IS 20k PRay 40 6, 3% ¢ S {LB8E 7 5 . AR M AT A8 MR Y IR,
R LA LA WMEHERRE, FERECRTEREARE AARRTERE . SRELER
6/0BY, SR O AR, FREBHRIBY T HERRA#E LR HER EWBHEH, &
FREMREERMRIEEXERAE, TERTRAEHEANERAEEAZAT

i,

X®A. HIRRG BXETR BCIEHESL PARBROLEIE, FREYERE

B/ NHA DY EESE D, B MREABE (Rest metabolic rate, RMR)
A AEWBE = (Nonshivering thermogenesis, NST), HAFHAESHEER, SN EHFE
(Jansky, 1973; Merritt, 1991) . KRR SER PP RRY, VIR FRB DDA EEBEF
RAPTEE (Sellers %, 1950; Sestoft, 1980), FRBMENIFY T 304085 RMR =3
(Tomasi %, 1987; Himms - Hagen, 1983), {if H7E NST #§iBiig TR Y E B AgE
A (Bianco ¢, 1987a; Carvalho %; 1991) {ELWBF 4 Sh4 e KIS B v = . R
#Eﬁlﬁﬁﬂfﬁﬁﬁffﬂﬁ AR EEREAONEH— SRR . EE U Y
08 SRR REIE R 3h Y AR B HLAE WIE o B ik 4T BAR BRI 8 i 3h i B AR R WL BB JT
HEITHREREESREENEEAIBPREMNER.

« EREBNLEIRBFTENHBNERARELAETR RN ER,
A LARBPRKBEE RO SR BB PRSI 5 R BB B, RENRGTE Bl E 2 R
REENF R BEEEBESHA SN R, BiLBE.
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R A %

B IR B % (Ochotona curzoniae) T1924E0 M EF ST HMME, T
BFEAEYHBTNER, 88—H, BUA@iRETERSE, BHEK, HEnEHY
M.

FORRULSERGR LI . WEMBIWAELILICHIERE (Ta) WHEF, 2REFHEE
1A Wad . (1) BEXEE, (O FENE4, (3) FREVERRERSL,
(4) HORBHLAEMGRIRES. (3) 4f1 ) A RAS 1Y WAk KRR (Bl
Zms AR TR, FIREXE () 85 W) d3EAATHRKEZ L1070 #
& RpE6/NET, (1 #HE 3 HARFFE Ta23 CH . Liekrg3F)5. #l RMR, NST k&
Y

HIRBHLEE T #EE W E WMt Ta23 ClER2BE, RS9 5448, (DR
BT, SR Taz3 T, (2) BEXE4A, 3 ERE Ta5CH. (3) HRR
VIR AL REIE R4, Byt T.23 0%, (1) HRBEVLEE THMEBH, 31 EEZE Tas5C
F, 3) B 43 BERETHEAFRRE (Tu FH Sigma AF ™M) 500ug/ke £
H, B3R, & FHRENLEE T, |

RMR K NST M E &L E/8B%E (1990). MREE H25+1C.,

AR AR GBI HE (BAT) &R & RERTE (1992 HE, HREEC
FACMSRYGEN Sundin & (1987) FERE.

FEERERE Lowry (1951) Fk, - DL 108 & E IR HE,

i T A=A RIFER (T, FEWNE R E FE-FREaF 5B = ™ 1 R R s
BB, - -

LR R HNE T LS, A SPSS/PCHECHMHT, F—FBEF TH LR
HE5XREZH, Ao-WRAFESHT . 2RBEUHELRERRR . ZRBEERR
¥ P<0.05,""P<0.01,""* P<Z0. 001,

| I
1 PRI R R B ER A R

(1) AP R AN T, TOREMNRW 3 OR1Y TR KB R
3fH, MR T A B BRI, BFHEFEBR T BMNER Qong/mD), T, ¥ BET %
R4 (K1) A FAFEEES T T B0 0 . ¢ W R B 0 ) TR A &
o R R ALER R

(2) FRBVGERBNEE, KEATH AR —FREFT. FTREVERA
R RR) AN RAKE, SYERERERBER GO NETFFEMFRE,
WIBES (EREREAHEBTREE FPHEEHSEFEREMEE (RiExY
HE 2+ R B A D) SR, R A S ey R 1 B R TR R A, SR
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Table 1 Effect of methimazole treatment on serum levels of Ty, T, and

weight (Wh) and temperature {Th) of body in {3. curreniae

i H K& Cold 5T BE Warm 23T
Item g ¥l GiE T %f W G 32
Contrel Methimazole Control Methimazole
T;(ng/mi) 0. 663 0. 08 0, 3240, 02+ 0. 7410, 04 0, 34+0.03" "
Ty(ng/ml) 67-£10. 0 <20 86 +6. 1 <20
£E Whig) 131+6.2 114+8. 8 140+10. 8 121:46.2
&\ Th(T) 37.640. 4 35. 240 4° 37.8+0.1 37.1£0.3

BT RE RN, UEIEE- MM .

The number of animals show in the parentheses, the same in the figures 1 and table 2-3.

(3) HRBYLEEMIRM RMR & NST &M  NEERAR&ETIHEY R,
RERO0. 73 FERIE R RMR B NST . {ER R4 % RMR 51458 % 88 4 #1iE 1§
MEHAMN RMR L, REBEEXER, XIZHAWRMR HERFREFMERA (A
1A (ENETFHFETHER, KR4 (REYRHA-HBEAFMEA) 9y RMR BB EHTF
BEH (REMBA-+-EBHBRA) (P<0.01) , HESH RMR B BEFIHBH (P<

© 0. 05) . ZZBH{KEMKTE RMR A%, HHEERH#ES RMR B,

MERAFY N NST B BETEBAMN NST (P<0.001), HERAM NST B B{&
Ft A (P<<0.001), FRiREB AR NST H R KEHM NST #25% (H
2A) R HREVEMBREK T NST,

(4) FARMALEERGE S AP RERY R EEPMLRA S, S I B &b
REGHTERYEEHBSA. HEERAFEN EEH SRR ETHEHASNY (PL
0.001), MARAEAEAINSBRLLH LHNE2R A MBREREHNFENEHRER C
FALBEAHBETHREBSEA, RBAMHARAR C HAeBENEYHE T TR B
HE RIS (P<<0.001) (F2) R HEORET, 405 rEug Bgay %38 .

(5) FRBRULEEMIRAT BAT py#mn  HIRA BAT gyt HERAENE R
M, MASHZ LHER.EFR—FET, FHEEXN BAT QEAK. SN EEANSE
MR AMREORCHIEEENSHASIRHBTL.MERANLSEL. ENEHAH
#RRfo % C LRSS A IR A NI, (P<0.001) (F£3), ZHEHEMEH M BAT ¥iE.

2. PRV AR N E KR &~ AHTER

(U ERE RS BN T, R T, 0L EE e FE1R 52 B B4 3h4 1 %

T MR HE K82, TH76. ABABE/ZET, IR TS T BTG, M T80t

TR AN BRI (2408150 /2T0) AR T, A0 T,k I HAE X R
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Fig. 1 Effect of hypothyroidism (A) and hyperthyroidism (B) on RMR.
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Table 2 Effect of hypothyroidism on liver in (. curzoniae

i Cold 57C DB Warm 237
i H
I xf LR i 7t B I
tem
Control Hypothyriod Control Hypothyried
RFE (D
Liver weight{g) 5.4+, 41 5.1+ 0. 88 4. 840, 37 4, 3+0, 44
L. weight ¥ 4,10, 20 4. 540, 62 4. 040, 44 3.8%0, 34
REHER/ T
Tatal protein{mg/g 3204 26. 0 267+46.9 2561+ 15. 8 201+24. 0
HRETEER/T
. Mitochondrial protein(mg/g) 21. 64-0. 52 17.742. 98 19.141. 9 17.5+3. 21
HHER CHILR
(NRETE/ 54
Cytochrome € oxidase 13714, 5 9h+49. 5" " 821 5.1 B+ 3.0
(ng atoms (/min+mg}
Ty FREMALEEANM BAT phEN
Table 3 Effect of hypothyroidism on BAT in O. curzeniae
) %8 Cold 5¢C FME Warm 23C
L] H
Ftemn o] FH {5 3] Sl i
Control Hypothyniod Control Hypothyriod
BAT ER ()
BAT weight(g) 1.440.12 1.140.19 1.040. 17 0. 80, 21
BAT weight{ %) 1.1L£0. 10 1, 3+0, 21 0.940.15 0. Fx0. 16
SEAOER/T)
Total protein(mg/g) 228426, 9 193415, 8 11645, 9 165+28. 9
b E (/)
Mitochondrial 24+2.5 22+3.7 114£490.6 124+1.1
protein (mg/g)
HiEER CHiLh
(R RTE/ o5
Cytochrome C oxidase 137 +27. 5 3901 36. B 220419, 4 2001 +35. 7
(ng atoms O/min mg)

R L 956, RERIES TR KX RENLH TARL 68 (RO RU THETLE, BE
i shap Ak T HRBALRETHER . R4 FH, BRBAS T.HE, REYRESHKEE
8 T 2L T, 23 Cx W EE B H 5.

(2) HRBYLEELSE (BHRFIL MEAEET. EKEHZMW %187 B ou 4R f i iR
HinAnzshEE SVRENKBRFHRER, EFLAYWMERIEKHB#MLT
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Table 4 Serum copcentration of T; and Ty in £ curgomiae after injected T,

® B f&# Cold 5C BE Warm 23C
Item 1 HAt T, b i H AT,
Control Injected T, Control Injected T,
(6) sy (53 (5>
Talng/ml) 0. 74+ 0. 04 2. 18+0.22** " 0.5540. 05 1.43+90. 28"
Telng/mb) 82. 6740, 08 =240 76.3%4:0, 08 =240
HE Whig) 129410, 5 96.3+6.9 124+7. 8 91135, 6
#iE Th{C) 37.6+0.4 37. 4101 37. 7401 37. 940, 2

R DY E S, T5EE2BSMF . The number of animals show in the parenthezes, the same in tables 5
and ahove figures 2B,

MARA, KBRATHNEE KR RERZ2SY, BB T L BB AR ER
%27% (RO ZHRENTETEHSEBNAERE. TP ASREERS.

(3) W% RMR fINST A L4 RMR HIE% 346 RMR 5 B
B, {ERFEAEEREN F14 RMR 1533 BAAE43% (B1B), KB4
RMR HI B & FRBA (P<C0.001)  FARITHMIMT RMR, L1 %3k 0% FH T3

RMR #441.
N5 EFREPLMN R A
Tahle § Effect of hyperthyroidism on liver of O. curzoniae
f&i Cold 5T B Warm 23C
Jﬁhm : W 7L ] #8 L
{Cantrol Hyperthyroidism Comntrol Hyperthyroidism
B (5D 4. 8:£0, 29 4.310.42 5. 140,51 4.440.73
Liver weight(g)
BEH R/ 311124.2 211 +11.9*%* 269+ 17. 2 236+ 335. 6
Total protein(me/g>
SREED (ERFD 19. 2:£ 0. 67 }1.94:0. 49° * " 18, 6+ 1. 21 11.7+1.27**
Mitochondrial
protein {mg/g)
kAR C /LW 14045, 2 158+ 25. 4 82+6. 3 113£10. 3"
| HRET RS
Cytochrome C oxidase
{ng atoms O/min-mg>

LM Bl NST B¥EiTHaE, B NST R348 KB NST il
B RT3, MR R TH L EEX B AF0Y, BEPEITH L BRY RAr
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E51% (&2B),

() FAMFREMER RESEIXHSIYHEEREAHBE®, EHEITTMAD
MABEHERRNAETEASRIEBKTMBAH Gk P<0. 01K P<0.001), KB EHF.
HHIB (F5).

KEMEFRuA4Ra® C 8B hEBAE, TEEFAEARKKEATES,
B TH LB@ET A EsY (EH.,

(5) HJLM BAT f80H R4 s BAT EEEXNRAHYZHLH B ER
(P<C0.05), {HEE U BAT WEEANEBA KT HESH (P<C0. 00D, KRR
WEhe BAT SE&R#m. R —BEAF L, B4 BAT &N EFE O & ®HEK
AEEHBAL G KEF AN SEIRRSE B BAMAD, BuERD & BN
BTREE108%,

¥6 FIRENEILEN BAT Ew
Table & Effsct of hyperthyroidism on BAT of O, curzonize

| FB Cold 5T iM% Warm 23T
W H
oo %4 48 AR X w7
Control Hyperthyratdism Control Hyperthyroidism

BAT ¥ (%) 1.440. 31 1. 14011 1.340. 31 0. 740.13
BAT weight(g) ' | *
REH /) 220+20. 1 114+11.1%* 11244.7 71%5.3%
Total proteinimig/g)
LRtk ey GHETE/ Y 22.7+1.83 22.9=+1. 89 11.040. 53 10.140. 73
Mitochendrial
protein (mg/g) . _
MEEXCHLR 126+23.7 713465.5%" 2071418, 2 31224, 7"
(PIRFEFH/5 - EE)
Cytochrome C axidase
(ng atoms O/min mg}

FRFLE 9 @71 R BAT SO 4IRS K C FULERIE S , R4 T U410 ) B, YRR
ANREE TR, RBREXNRANS. +fF, BREF AR 2. 365 . 0 F TR X B
BAT #4RHFPR ,

"

AR, BRRE MR VIR =8 FRBIE IR, REEFSIYHE PN
EALBES RIS, M5 E (Guernsey %, 1983}, f#HE=HWM (Tomasi %,
19870 HUARBRUIER, {FREHLIR RMR TR, 31 2BME Dicker 88, 1992) . 43K
REFEEH, HERENHRBEEGIE=HGERETGX R, B T3
YENE TR, BERANEMAHHEEAEFERA3IY, LHEATMAMEIRL
1%, RMR B 0B A, LA FNESEXTRMM177% A aRIRLR R (& fy PER B —— 48
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e CEAbBEEALABEAS, R\ELDRAKF LrEm AR NnE. B Bk ES
HPRBEVESER, BREAEFENEAReR CEHIBEEIAREASE, BRERRE
% RMR 18 HIE % 30 % B B R . ih T R Sipkek A B 3h ¥ g BT RIS ab ke, A B RS
BE GED ffER, SR ERFHEHIYH RMR REMIE.PASERS, HARE,
FEES, F&uAEERELS, BAT S EOH RN RAZN Y BROEEMK. 70 e i
H_ERA AL, B RR R R A i SRS AR, REERR, M
# (Himms-Hagen, 1983) AL AT R, SEBEAEN FAREMES KEIEE THLR
PR

NST /DA S IHREEERENTERMN (]ansk}r, 1973, Heldmaua-r =,
1989), BAT & NST =4 E#HE, (Nicholls %5, 1984; Cannon %, 1993, Boyer &,
1993) .7 BAT py/=hi@W 4, FERBEEEQEHCEFHBANTREA T 8, BR T HIBFE
BEE R Nat, K%, #i1~34 (Himms-Hagen, 1983), FORB LR BAT &
B TERFAE B, WIBRFE SRR 4t T B8 (Carvelho %, 1993; Yeh %5, 1993); B RSN
# BAT St 2% LIRE (NE) 8RR, B NE #7% BAT #hat, LAEF T,
Hj%45 (Park 4F,.1989); BAT &Mk FrA M= HEH— FEKES (UCP) H¥
ﬁﬁﬁ@ﬁﬁﬁﬂx%f&ﬂ T,B NE M TFELE (Reiter T, 1990; Klaus %, 1993) 3 AR50
RRE, BEBAPREMT KT MEmELEs NST g8 17 BAT FI#TERA,
B RE %, NST R EENBAIYE ., BIRESHKT GO RS HiE
NE+ BRBRE D ERBM T ), NST g8 08K, 10 F B 34 NST tWER¥ xR WK,
B % 0 3R P IR B4 . B NST e BB EX ML (E2 . PABEES
BAT &b thgE i 6, R C E b BEIEh W IES 3 R 4Ll 45 36 5 0 BAYEE &, TT-FH R 30
Vi 4Ee 15 h S BRAAAEAE , R PR M T EBUEZE, f BAT 4 Jee 5o . 5 &8
%, SROFRBEEEREOESBINE, P ARERENTLES. FERREED.
BAT BELSS BRI TRE, WA BAT (EANAE OSBRI, FEATETEAK
Win (#6), XTEERE N BAT Rk UCP £, IE2H BAT M7 T, HIER ™
EH.BAT N AF T,~5' -l £k, S BN TS (Kopecky %,
1986), HRXKHE, € THENEHEFESH T,, % UCP 58I (Bianco F,
1987b; Sigrudson %, 1988). I IR B A I 0 T2 B HIE R 4 3 T AER F
B AL Tk R B RALAY 3. 961%, TR BASYRREEAENL. 3518, &
R K E T8 % T RESEAHDHITH.EE P A NST B e R R F
AEREBABATH T, 5 M T EHME, EXE T8 T., £ BAT#AH, H
BB FR A T BN ILTE3E.

iR PR AR EE 40 RMR SEiE A R % B4 3085 RMR #E P>
0. 05), {ELRTE By X008 BREAE B0 BBy NST W BIE TR T RE X MSRERT
Carvalho (1991); Reiter (1990) % AW, MFREBHYARENREFRTERE
j@%ﬂlﬁs,‘r‘“‘#& (NST) &%ﬂﬂtﬂﬁ!}, MEHETH (RMR) HAHRESE_MERE.

# ¥ X W

T, EHE, 1990, /LI WA R M A 1 LB R SRR M BRI A R ONST) A9 AS L, B
124 o |
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' THE EFFECTS OF THYROID
HORMONE ON ADAPTIVE
THERMOGENESIS IN
OCHOTONA CURZONIAE

Li Qingfen Liu Jinsong
(Department of Binlogys {Department of Biology,
Beijing Normal Untversity) Qigihaer Normal Univeriity)
Abstract

Hypothyroidism induced by treatment with methimazole and hyperthyroidism by injection of T, and
their effects on liver and brown adipose tissue (BAT) were studied in the pika Ochotona curzoniae., Hy-
perthyroidism led to the significant decrease of the body weight, the rise of rest metaholic rate (RMR)
and nonshivering thermogenesis (NST )}, increasing activity of mitochondrial cytochrome C oxidase (AM-
CCO) and reducing protein content of liver and BAT, however no change of mitochondrial protein of
BAT. The hypothyroidism showed less RMR and NST than that the euthyroid. AMCCO of liver and
BAT in hypothyroid animals was similar fo that in euthyroid’s. The body temperature of hypothyroid
pikas reduced markedly as exposed to 5°C 6h/day for 3 weeks. The thyroid hormone, therefore, may
regulate RMR and NST in O, curzoniae; the hypothyroidism is responsible for inhibition of facuftative

thermogenesis so that the animals are unable to adapt cold environment.

Key words; Ochotona carzoniae, Adaptive thermogenesis, Brown adipose tissue, Hypothyroidism, Hy-

perthyroidism

+ 126 -




