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RER 2L EEF'EI’J & oz P FRARE

TR BMERC TAE MR B &

(RERERSWHRET, L 100080

nERE

T PR T DR B ML E B (Mcrotus oeconomus) F¥HI4L (5C) 1. 7 71 21 RAyJewistaEr™
# (NST). BERIAS (BAT) HFRNASEANZEARSSE. DERMNANREEE
Bk, VORS8N R EALEETE ) RF IR R R AR NV IR AR S AR AT T I
B, HEREW. AYHLTRP NST BTFHM, F—-PEHLRHOLRE; BAT REAEOTEXK
BHRNEASABEHNE TR, FE. CEMILAARAMLRGEES T EELEBN, 54
REARERELEENEAYT AR, FRESRAGRS VRRRENMER. HRILYH
NST ZE R E FRAEAT IR SE HoEEAMA, WA, LF. FRESASAES5TRREY
HB, FHAREHES, RER-BEMRKAVTET.

%W, B, EWEEEHR, RNKES, HRERELE.

JEWBHEFE R (nonshivering thermogenesis, NST) X F /M@ 38 M- FIRA
FEEMEX. KEFRERHE, KBILTTEREIEN AR (brown adipose tissue,
BAT) BRI, NST 8813 (Heldmaier ez al. , 1985), F¥ EHINHRET M NST X
B RA H1#E Z (Smith and Horwitz, 1969; Jansky, 1973; Heldmaier et al. , 1989) .1
ARE, ZEFRBFLREYLIY. B EHB Microtus ceconomus) J& 7 o i H R H
LTSN FRHREF, NST ABENFTETL (EEEMEHE, 1990), £XH
EWERHREKBYMLTES, ENST BHRER — N EH KRS EBAT LRk
MENETRESHA - . KN, CRERSESMEL? EENAKR™
PR B KT LT TRFR.

S S S

—, TRz BWERT 19914 3~6 AMEMNTFHEESTEEEAMNPTRRELEREGES
RO EMW K S BAG (Potentila fruticosa) WAF (FIR 3 100~3 200m) . WK FEEE T, F
LRENESE, BEN2011C, RN 120 ¢ 12D, VUM BEEBR R £ ™ 1 R 8R
CAEH 19. 4%, A% 14.7%, BIEN 3.3%), BRINERRAF bE. ERLZBRTHYRAF2A

BT, BEABMN 20CHARAZEEF SE1CYHLEN, 8% 2 1, IRAEELEM, YLETEG 1, 7/ 21
K, 23+ 1CHEHME, HBAMLHRL.

AT 19954 2 A 10 HYH|, 19954 11 A 25 BEME.
« FEBER ‘AL FERSESMERERBEEEYR.
»» LRWHEAKEEYR, LK 100875
* » » REBEEFEILE R EYH R
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= fCMRE  ZYAEE B TR £ 9 Beckman OM — 14 85 40 52 AR H B 500 2
FHYTERE P, AR & 5 S P B 9 400ml/min, B TR EERRBUKS . PR ESE
HEANES A HLET B KOH Bl CO,, FRBRRUAS . TRATEHERESN, #HREIFRE, =
ARBE, —MERNME, ULRASHBATRENESERETEEERE WIMFREEFTL—
B0, SIS, EOFERE 5~10 048, MEME#TTTH. #E R H % Depocas fl Hart
(1957) R Hill (1972) ArEMFT . BEREEHAE L. 5CUN, TRHFT 1~1.5 /DE, ERETEY
WEE, MATE: siYUR 2~4 DT EHITER . EEHRERR (NST) AETESN SHEMALHE
fEHE FRERS, FEITEE Heldmaier (1971), BB XABRKVAES NSTo., HHAB BN EME
CERMEME (1990 MAE., MEBEN 29C. ‘

= SugHE RBETEEARE, TRE¥YEERFE, BET/NCEREE B BAT, fFE.
DHERERLA , #58 Sundin % (1987) frBM ik, 1§ BAT MAFAEE T 0. 25mol/L REMEH WK 1% it
(k) , RIGHEHAHFE YA -Teflon SJH BN, MA—EEBMSIRKSE, F2000#/548
O 7480 BUEEWT 10 000 /580 10 4348, EIE—1K, FF 10 000 ¥ /5 B .L 10 534 LIRB L
Bk, BURIESH R IR BB IR, RIGHETHXRME, OB LI Ze0 4 ) & 2 B Oufara %
(1988) W mEetft,. BOR L.

O EEAHBE AP ERER LY A BB TR A8 R AR R U g A A AR
BEEBEE, RNEE 30C., RN EEM 3ml,

. EABRANE FAEERIENEFESRARES VIR, R Y (Estabrook, 1967),

A ZOESENE VFMFRAENGHE, RA Lowry FA (1951 MJHEE, W3E BAT.
B L. MEAAEWEARS R,

+. BBLHIE RARENTHFEMN. cMBRFETFERTHEREE: FESWEPCIHENLE
Fl SPSS #it 8k AT ¥, SCABIEH U T HE L FHERER, P<O 05 WARNERBE.

# R

—. EEEES#H (NST) BE

TR E NS MRS BRI K, 430K A Heusner (1985) BN H LAKE M %K
MG RBTRIE. HIMLRTESI PN EESEAKR, BCFHAEH#ITRIE. RERH
NST o FES B AL B I T3 00, B BI4E 1 K5 23 C X RARZER A BE (P>0. 05) s NSTau
£ 7 REFH 31. 30mlO,/g”* « h, 21 KK 34. 74ml0,/g* « h (P<0.01), 45t 23 CHf§
MT 19%F0 32% (F 1), BB ET Heldmaier (1971) BYHAE(E.

BRI ERNEBRREEEY W, HEFEZFELRERIHEIHEN (P<

0.01), HIMIEREH 3.8C~5.5C (F 1),

=. BAT fIF B RANEL

BAT: {KiBYI{ket BAT R EHSEBTIHM, HS 23CLBEHEER (P>0.05),
ARELAEARTLEBEER (P>0.05) (X2). BAT RN AEHASRATMUBESE
BEAMEAMEL: ERE 7 REAE5 23CERKBEEFKFE (P<0.0D), KNAEHLE
EASEMHRBER, BYMLE, SEEQHM GR2).

Rt FFASAEAMZNEEASE, SRBLEARKS 23 CANLEEER
(P>0.05), ZRAEAL EEAN KB LERE, RRNEEOSBERI TR PELRLE
BEE, 21 RRBEE (R 2).
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¥1 AT ERPHEBER NST 9%
(Tab.1 Nonshivering thermogenesis in root voles during cold exposure) (Mean+SE)
P 5C
ﬁ 23¢C
(Parameters) 1R day) 7 R (7 days) 21 R (21 days)
BHAxgEN 4 4 4 7
)

HE (e , 28.043.78 22.042.15 30. 042. 84 24.1£1.52
(Body weight)
NSToe

mlO;/g + h 8. 893340. 7937 10.131840. 8067 10. 2524 +0. 7661 12. 243040, 5479 *

mlO,/g% » h 26. 3005+ 1. 8808 27. 7811£1. 0090 31.297740.3464"  34.7365+1.0636" "
L) L]
#HBH 134.6 1374 160.1 173.1
(% expected)
ki (Tb. C)

LBA

(Before experiment) 36.5+0.3 36.6+0.3 36.010.3 37.2%0.2

R 40.740.1 40.440.5 41.540.3 41.440.1

*(After experiment)

a

*

% expected= (NSTmax/30W0454) X 100

P<0. 05,

* ¥

P<0.01,

Compared with 23°C.

in BAT and liver during cold exposure in root voles] (Mean+SE)

®2 AUETEDPHAR BAT FBEAREONENERO S RHTL
[Tab. 2 Contents of total protein (TP) and mitochondrial protein (MP)

& ¥ 5C
23C
(Parameters) 1 X 1 day) 7 X (7 days) 21 K (21 days)

H¥x4EN 4 4 4 4
BAT

BEATP)

(mg/g. BAT) 202. 75+ 28. 40 220. 50+13. 80 241.33+14. 84 210. 754 22. 98

KREEH MP)

15. 50+ 2. 42 19.05+1. 90 27.80+1.40" " 20.85%+1.73

(mg/g. BAT)

BRGEEE S BRE 7.6 8.6 11. 4 9.7

B4 EMP/TP, %)
FFBE (Liver)

BEATP

(mg/g. Liver) 271.50%+11.15 276. 00+ 14. 82 263.33412. 99 266.75+14.16

- MP

%m*ﬁ_a( ) 17.78+2.36 18.98+2. 24 19. 60+ 2. 47 15. 70+ 1. 29

(mg/g. Liver)

ARG BEH 6.5 6.9 7.4 5.9

BH42EMP/TP, %)

# * P<{0.01 Compared with 23C.
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=. BAT FIfF iRk AR RE L BTENTH

MUEIRESZEREBEONMRENEE S, ENEBRESENAR, NEEER
HAFGHIE N, B BE S REFVAOKT BTG A, X B FRE A —ear by, B
HARRBENERSBENLOAARYEFY, BUASTRABHEED, KiEH, &
FAREIE I REARERE S 4 MERET .

BAT: BAT G BE1E /M YIMLET RIA E KT ZEF 0, 7 RUBEBERTXRA
(P<<0.01), 7 KRBT 23CHIMINT 184%; BMEAILIES 21 KB EHT 23CHA, #m
165. 6% 45 BAT SRR H 5 HHER DILET [H K T 2B (P<<0.01), BBk
1 RETH 23 CHRIHEMN 44 %, 7 REFIEIN 119%, 21 RAEFHIN 145% ; BREEMHYIE IR
Pk 1 KA BE, Bk 7 XM 21 XetBEMI (P<<0.01), 4FIH 23CHMT
131%#1 194% (3% 3). |

%3 HERAYHLTES BAT N ERE RE R EEEL

[Tab.3 Cytochrome oxidase activity of BAT and liver during cold exposure in root vole] (Mean+SE)

(Per g body weight)

35.341+7.81

40.61+8. 81

5C
z 23¢C
(Parameters) 1 %A day) 7 R (7 days) 21 R(21 days)
HEGEN 4 4 4 4
BAT
BN 2 287.52+ "t 763.12%60.11° "
(Total activity) 271.13426. 22 7. 59. 96 769.69158. 48 63. 12+ 60.
H:?E‘jj .. 98.10+11.43 111.93+10. 68 113.19+12.77 260.51+29.11
(Specific activity)
ﬁﬁ?ﬂ?ﬁ?ﬂ‘j] 1434.354122. 44 2066.634+122.52* 3141.594251.36"* 3519.90+278.24* *
(Per g tissue) :
BRKEES B
(Per g body weight) 10.2111.42 12.69+2.52 23.55+2.76 30.02+2.81
FFRE (Liver)

‘E\Ejj * L) *
(Total activity) 906.14189. 85 997. 741+ 69. 34 1356. 671 211. 35 2086. 901+ 364. 55
L‘t?ﬁj} .. 38.5414. 24 43.38+1. 39 46.09+5. 23 118.36+12.26" "
(Specific activity)
ﬁﬁﬁg{ﬁj‘-’ 682.141116. 94 834.58+69.53 903.981129. 65 1889. 741+261. 20"
(Per g tissue)
GRS 39.91+2.28

82.261+14.95"

B Er(Unit) B35 A5 (Total) : nmol Op/min. organ; H. & #7 (Specific) ;: nmol Oy/min. mg protring A RIE H (Per g
tissue) : nmol Oz/min. g BAT or nmol O/min. g Liver; 354k &% }1 (Per g body weight): nmol Oy/min. g BW
*  P<0.05, * *» P<0.01 Compared with 23C, :

FEFREE = JFRBE 00 40 B €6, R AL BB S BTG ¥R BI4L 7 RS 8 B (P<<0.01), 7 fl
21 RRYMLS HIR 23 CREMY 1.5 01 2. 3 1%, B HLIE H R 21 R BE®F 23C (P<
0.01), & T 207%; BRAALHIEHREREERENDTLEZHAM, 21 RitEE
HT23C, HIR23CH 2.8 F 2.3/% (£ 3).
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0. O REFORL B RY LR 1 6 B FOBEIE H T

REIEIHR B R CREERRERKWER (P>0.05). (R4, LRELNEER
SREBYLE BER TN, HEERABE (P>0.05), MAREZEABENT 21
KBEMIN (P<<0.01), 23 CHINT 144% (K 4,

MALREEEASERBIMLEBTRME, EERAEE (P>0.05), MAKRAE
SULBIEEN AT, F 21 RSB EST 23C (P<0.0D), #F T 523% (R ). It
FHREBEILEET, RERCEMIAMRREEEDSSBYBSUEANL FEMA, TH
5 2 4 AL B 44 U I HR B 7 3 B B

%4 REARAWLTROCEHNEELANSZHNEZOSREANERECHEEEL

(Tab. 4 Mitochondrial protein contents and cytochrome oxidase activities in heart

and hind-limb muscle during cold exposure in root vole) (Mean+SE)

5C
s % 23C
(Parameters) 1 X (1 day) 7 R (7 days) 21 R (21 days)

REAaEN 4 4 4 4
LB (Heart) ’

B & (Mass,g) 0.118+0. 01 0.107+0.01 0.146+0. 017 0.137£0.009

SRR H Mit. protein) 15. 154 3. 05 16. 354 2. 29 17. 604 3. 36 19. 754 3. 85

(mg/g. Heart)

Mmiae R RIS

(Cyt. oxidase activity) 63.0+8.99 70.474+8.63 71.33+9.56 154.01+11.78**
(nmol O;/min * mg protein)
WL (Hind-limb muscle)

2374k & &5 (Mit. protein)

. . . . . . .4041.0
(mg/g. Muscle) 7.65+2.38 5.051+0. 64 5.17+1. 26 4.40%1. 00
mReRELNIEE

(Cyt. oxidase activity) 24.05+7. 82 27.931+6. 23 29.23+3. 54 149. 81+29. 94~

(nmol Oz/min * mg protein)

=+ P<0.01 Compared with 23°C .

F. FFiEsN kA NV IERAE(L

JPRE R AR NV IFIRKEAL AR ES T 23C (P<0.05), 23CHf 16.62+
0. 39nmol O,/min » mg BH, ¥4k 1. 7 f1 21 XA H1H: 24. 394+2. 39, 24. 70+4. 76 FI
24.89+2.75 (n=4), {RIBYMLETH 23 CHINT 48% , FRAKIE TR M BUFRE LA i i
FEORRE Hihn, BRBLEARITER (P>0.05),

it w
—. RiMFE#REMT
FEWB R (NST) R/ L2538 5 2 IR A T &5 =M (Jansky,
1973), HZ/PEAYEMRBILE 278 NST 81 (Himms-Hagen, 1986),

BHREFBLREFESHWRANST, KEBYILETETHN, bEENbTEEK T
EEIME, H—1NEBARE, 7TRHE 23CHE 1. 245, 21 REEEFI 1.3, RIET
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BITEFIIMNIEN SRR (EEESE, 1990), 23CH NSThn. 5 EFHEH (24. 36ml
O./g* « h) #fl, ¥ 1 R5%ZF (27.37) fMHFE (28.73) #iE, BYML 7 XEZR
ZF (30.44) KF¥, LYHL 21 REETLEKTF. EERFES, HIPWELFTHT IR
RV FAEEENER, FE3PEEYE TR EF . A Heldmaier (1971) $EE
&, TREIMNICERZENIMLINELER, RERMN NST..E5H TRFHHEERHE.,

BREREB (Phodopus sungorus) TEIRBIYNMEET, NST.. ¥ 36% (Rafael et al. ,
1985), [A]#E, # M H B (Microtus ochrogaster) (Wunder, 1984) . 5 & B (Peromyscus leuco-
pus) (Lynch, 1973) Zuiti2k TRBEFE P EEKB NST 30, REHEESH, PR
(Gerbillus campestris) FEARIRINLT RS NST FIMR £ 2= RS IR 248 (Bourhim er
al. , 1990); Heldmaier (1990) ;B IHFRBLE LB . BREE (Clethrionomys glareolus)
WIE B (Apodemus sylvaticus) HIF=RFFERZ I, =FFRH NST BLKEFEEWM, T
BMR M B = RN EAAEE , FE S HEWRGEREL, £/ NEA Y P NST £FY
RIS R R —FEE K, W BMR A BR300 572 i TTRRAE XT8N, AL
FRAFEARRI; WMEBEERIFEPLENST WM (EEES, 1990), &E5EFX
WL RFTLAINR, NST MR EBR=REHWETIIBIRT TE/EMH, HAELR
—EEZMNFETAREE T,

—. SRsnERETL

BAT: BAT 4/ NST EEAHFHIRIET . mAiEH BAT hEEEHNEER, |
HSBNST #9384k, BAT BT BB S B HL 0P R G 2R R H =2 W AN A b o)

REBRRYEES BAT AL R ECNSBES KNG EA SRV MELTY, B
Pk 1 RERFEOHMEE (8.8%) BTRREELMMEE (2.3%), H7 KM 21 R
Bf, SNEEOHMEETE FAAEQIMEBE, 25015 79.4%, 34.5% 19.0%,
3.9%; RPAKMNEAEEA M KRN RVELR, BT BFREFELSEAMMEASR
EEPE +AEEMHNL,

Rafael 2§ (1985) I\ HBRERBELYL SRS, BAT REHMMNFTERH T
SRR S RN, KU 24 /NSRBI R BT, 4 Rt 23°CHY 3 1%; YWRXYIL
4C) WENEEERMNEA 30C) 18 fF, M/ RN AZEA (26C) B 2.8
& (Oufara e al. , 1988), W] MABEF RFEAEHHARERF, BAT Lh4EEAERMK
NEERAFRY, NS T =HREENER.

M E#: NST (Obligatory NST) B BMR (Jansky, 1973) fyHi3E% R0 LI RE
XFERE, WEETFYDESLY, REERBEEL, EHENEEENERE, HWH
FBAKH BMR, {EXHERZFEE, BT NST LUF] T 7 81K Bt #8818 45 B
% BRERERFEASTHEANL, BENFEEEARTANMKE, AMESHILIR
FRBET EEL NST HEMHZHFR,BMR REE =8 b G0R /N T TF 585 R
MRER, BERERBEX, FREPMIFEERG, EERETRENEF, HUEA
J % BMR K FHEN TR, BEZVIME I BT HEEUNSTHEBINE, HBMRIE
EET LA E, MMEEMSUREAEN TS 55—,

A RELBEWE T RARNRXELKTE, —BIENRIEARZ HILE
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H1EyfabR . KB, R E B BAT LR AR E A BEEIREN, SEEER
DifL 24 /NETHE DN 695, 21 RETHEIN 182%, BEAYLLTE A4 AIHE N 14 %01 166% , &HMNE
A Sh¥ i, SAENEE 1453080 2% 194%, TR BAT £k k i KEik
B IS IR A RV AR, W NST AWM BEERNEE; RUMNBHREAE, /D
EIBUA 33C~—2CYIMLET, MR EULEEIE 30 9 5 (Ashwell er al. , 1983); &
BN 30°C~—4CYi4Lot, BAT BEEENE I 5 £F (Trayhurn et al. , 1983), ¥WHE M 30C
~4'CYIMLES, BAT £000 fk SUBE IS 13¥ 0 18 £5, BEAY LLIE 18600 43%, TI/D A B BAT £
Bk EBEE 0 R R 3 £%, BRAY LI ABEBOE (Oufara er al. , 1988) . 5 L
AR F B HE W F Rafael & (1985) MRALEEBMHR, A RIS U LR
WERRE, XYM R g TR KA, SRR R EEHFER BN B
RFEARAE, )

PiE: REBRFREMNARASERSBREAEREE, MEANKERSEEMKRBRIIML
REFHNERARE; #H, KEIMLIERS, FELKEEERS REOHEAHAH
BHE, XE5WEM/PEFRE (Odfara er al. , 1988) XHEKRA RNV AER .

1R H BB Zon ik 09 a2 REAL B N ERE B R A, R YL B i, &
B IE4E 7 RETH 23 CRIIN 50%, BRI HLIE 7. BRFHSABE N AEREAERFHASM
B 15 143 W 23 CEFHIN 20%, 33 % f1 15% , ¥ B4k 21 KB, [ANTEHRS> B 0 130% ,
207%, 177%F1 133%; Wi FYEMBFHY R IILe, BEAHIE %M 8%, B
EHEHIN 53Y%, Ti/hEBRNAZEEYILE T (Oufara e al. , 1988),

Oufara % (1988) 7EYWRA/PERMR YL TR PR LI, HFELRARE VPR
LURHFRNEYH, YERERECIFREEREAIFRES, BYLHR M, E
MNEBREREREE, MRERARS VIR SCIAHHEBE T 23 CX A, KW
RBRIMK T FFRER PEIREE ST, (EEEDILERIER, FFRGH S REHNY M, R NST
MENRNETEEEN.

E—EEKEN, FE—E®IARNE NST f—PAEEME Jansky, 1973), {H
Foster fil Frydman (1978) it F AR iC AN E I MK & R ShEkE S E, BETH
B, A NST =4 AL EE & BAT; i Bourhim £ (1990) B KW, EYEF
BT 8625 T NST #y7=4:; Heldmaier % (1985) R E B B HIERH, B BAT
PASh, NST B T HESE, A — R E % NST 1% BAT =REGAE, —
SRR ENARRZ BAT =RERHA . EMRER, AFEX NST B5T#k M AGEE R, EFEH
L2 HTHERET.

LR AT : R R IS LA R AR R YILR 2 F RS, B2 kmpe
REMLEE BN T M. %Yk 21 KK 23 CHNN523% ; HERERYMLETRRAE
HTR, HRHBUAAEREENREME ., DEMHYRESILE, AL
HREAERGIFEE, BEEEEN T (Oufara et al. , 1988), Bourhim £ (1990) XFAL
A SRRSO R, WML 4 AlE, YRR LE M, EARINRTAE
(subsarcolemmal, SS) 2% A EEIEYEIE N, WLIRSF 4 R4 4 (intermyofibrillar, IMF) £§
HAMEEEEN TR, BmMEVANEEETEBEN, 8 F IMF Nk EES S#RE
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HER AT AE-SF 3K R Ca** BT, T SS bR S A\ IEL B F, XTI, Fr
AR B LRERESE ey R B S M P 48 536, NST A T BisE=, RV BAILARE
HH 5 NST X, RBA[E& 5T NST =#; B HBEAELY kit &bl i = ieE S
¥, BEZ5T NST (/=4 , MR AR T RELG T HEE=08in, MAEE.

DENMANZNAEOBAZERMOEW, BLEEHREREMBEEHERE
RERZY, P4k 21 ReTR 23 CRTAY 2.4 1%, RUEMBFET, MEBRORAEREMEX,
THemR, FRES S & MBI, LRAFIMKER, BNEIEEFREE BAT =
M, OREMIIFEBEMIM (Heldmaier ez al. , 1989),

EH, ERIIERES, MEK BAT KR EMEN LR NST fehiRma ki
i, NST AR RETRE EEBMAL; FIE. OB, LASHEES2E5T7THERET; TTLHA
HEEFEFRIE LIRS, ERE-EEATHARET.
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ADAPTIVE THERMOGENIC PROPERTIES DURING COLD EXPOSURE
IN ROOT VOLES (MICROTUS OECONOMUS)

WANG De-Hua SUN Ru-Yonc WANG Zu-WaNG LIU JiN-SoNG CHEN ZH1
(Institute of Zoology, Chinese Academy of Sciences, Beijing 100080)

The nonshivering thermogenesis (NST), tissue and mitochondrial protein contents of
brown adipose tissue (BAT) and liver, mitochondrial protein contents of heart and limb-
muscle, cytochrome oxidase activities of the above four tissues, and the state N respiratory
ability of liver mitochondria in root vole (Microtus oeconomus), which live in the clod alpine
meadow of Qinghai-Tibetan Plateau, during cold exposure for 1 day, 7 days and 21 days,
were determined. The results showed that NST tend to increase with a gradual developing
process, and the content of BAT mitochondrial protein showed a stronger response to clod
than that of tissue protein. The variation of mitochondrial protein contents of liver, heart
and limb-muscle showed moderate responses, while the cytochrome oxidase activities of all
the tissues increased markedly with cold exposure. The state N respiratory ability of liver
mitochondria enhanced during cold exposure. These results suggest that NST play an im-
portant role in the process of thermoregulation, and muscle, heart and liver are also involved
in the thermoregulation under cold exposure for the voles. Thus, under natural environ-
ment, low temperature is an important stimulatory and adjustmental factor for thermogene-
sis.

Key words: Microtus oeconomus, Nonshivering thermogenesis, Mitochondrial protein,

Cytochrome oxidase.



