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4k 9 #} 4% = #4 (nonshivering thermogenesis,
NST) R/ M BL a4 i — R T 7= H 0 2, T €
e BT 4148 (brown adipose tissue, BAT) /& NST #9 %
BRI EMAR,1992) . BIFTES NST 24kl
TR F, X F ERAM AN Ol L5 4 1 e B
AR B RIS R A M LB, TERF LT
AT, NST B FFH0R B e K R AR
BRELHMESEFREATEL, EXLRT
o, AR X RTHOW , AT A XS shE RS S R
BERAERGESERA G, DF—LEEERN,
JERY 7 M NST i 49 & B (Lynch %,1978;
Haim %, 1980, 1982; Heldmaier %, 1982) .BAT ¥
1 (Heldmaier %, 1981) 1 BAT 7 #4 % ¥ W B %
( Himms-Hagen, 1989; Horwitz, 1989; Wunder,
1984),

EAYW BAT 28R NST fE7 BOBFSL S M
BALEFRSEHESR Y b, 0B G AR
BB RL, B RRIEME D, Hagelstein %§
(1978) R FE¥ B R (1 B NST A7 8438 i
EHEXR, EME A RIFFIRNST k. a8
(Clethrionomys rutilus )WE/E FRI R B MERBK,
NST AB 23] 4 2B, B LuEkRAES
B NST #3811, Feist % (1981,1986) A4, W £

WO E B 19990111, BBRKBEH: 1999-03-0¢
EeTA; ARARMEESHHNE (39470121)

TR W= B S AL EBE K, X AYA
BHREE, XELRSAR R (Peromyscus leu-
copus) (Lynch %, 1978) . R4 £ £ W ( Phodopus
sungorus ) (Heldmaier %5, 1986) X ®ARF, J5 FH
BAT % ¥ & NST #6726 A %, F BA KR
SRR SE R #—5 fEE NST fE R R, 7
EFHRLRE,

Wunder (1984, 1985) 1 Heldmaier % (1985,
1989)3E th, E B WYL B, X AMR LR Y
BEES HAEDRADYTEREZEBLER
F1R&E, R LA FRBIE NST 4 00%
%o Heldmaier % (15 :5)$% i R T @ % NST 49
W2k, Fnt % R B3 — 5 RIM= BT, X
BRAGSINERLHNHHENRBIRK;
Zegers % (1988) X H 2 B BFST 32 th , S 3MIR
MR RHEAERAUES=RAT,

WIR B % (Ochotona curzoniae ) 2 ¥ W % R
NEMH ESHILIR S NSTEAE/TRMN(E
WEE,1990; Wang %,1996) ,BAT AR AW R
BFHEVEI(EHES,1989,1993b), FREK
B, R R 5 KR A S > R B
BR(E#ES,19932,199%) . HEFHEHET,E
5B RUR BR SER BE R oA R LR IR X A, IR
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MELBEAT RS RMARBELAHT, HH
FERAAHE AT T W& , ERMPLAT WA L RAF
BB EX BAT M= #G LA M7 SHH MK
AT RS R R R R

1 MBSHE

1.1 X®R3Hw

1992 F 7~ 8 A, B IR R A il ik B 554 #
BRI EIENRE £ WX (5 3100 m) RHF BH
HK(3100~340 mM)WBEHEHAR, WHEE
BT, FXRENER, BEN(20£ 1T, BN
12 L:12 D, B AU 23 PR AR A B 26 7 i A bt
ROBEE 19.4% 4% 14.7% M0 3.3 %),
WMEREAY %,

xR 2 R MR R T R AR R, AW
T4 FibaE ORIR KHEI(23C,16 L.8D); OF
i 4L (23T ,8 L. 16 D); OME R KX B (5T,
16 L:8 D) s 1R EXI (5T ,8L:16 D), AR
ML SURSE AR o S8kt ) 2
Ao
1.2 BNEeE

WIERFED Yy , 3 T A o MR L RS B REBAT,
BT 0.25 mol /L BERERH R WXL (2KIB ) , A /5 4 09
FRAY LU Teflon 5738 BRI, A — B4 &
SF WK, F2000r/minB 0> Tmin, B_F % & T
10 000 r/min H L 10 min, WY 1 %, HF 100001/
min B0 10 min BU2E7B LRk , BRI e R B fndg
TR R, AR U5 BE AT 5 B SE (Sundin 4, 1987;
Heldmaier %, 1985),,
1.3 EEREENE

A4 1 9% 2R A R AR 0 , R A Lowry % (1951)
ek, WEBAT HAMEXIR,
1.4 WEHNE

TR B S L A 2 S B9 BT A 4
B - AR T A AAEE Y, AREK
BB E R WE S % Sundin B (1987) &7,
RECEE 30C, REFNESER3mL,
1.5 ¥igam

AR SPSS B, R AATE T H 2544 (two-
way ANOVA)FI LSD £ & WS HFTH 4T 5
BT + 5832 (mean & SD)ER, P <0.05
BANEREE,

2 &5 R

o SR E MR W, & 3OR B Heusner (1984)
BRI, UEES 23 KB (W) MR
&E,

2.1 ALEASR

RERR %W BAT 4R BEZRERWHE KX
(ANOVA, P<0.01) (1), KM, SCH
VCEREEHERESREREOSRSE 121% 0
126% , &XCHA SCTHMABFE (P>0.05); &
MG KA LB ARAMRR, 23CHER
2% (P<0.01), STHWINKHR (P>0.05),
2.2 gRgEALR

JtRMAN BAT KRG EO SRR AR EL M
(ANOVA,mg: P =0.007;mg/g""BW. P=0.009),
TEEMEEEROEFEURREP>0.05), &
NEFE YRR (LSD) 3 9, K 18 A 48 06 P4 4y
FROFREFRTHBEEMANERK N BA
(P<0.05) (@ 2), KXMR,SCS5 23C MK,
BAT 4R A A & B %I 63% , 52 1F FH 15 14 fn
59% B MES, ST 23C 4 5158 fn 62% i 55% 5
NSRRI, S T, 56 B b 6 I 4 93¢
I 150% F 141% , 237 B 53 S 1509%H0 147% ;
SCHEN R 23C KK B 4.1 157 3.8
1o :

2.3 ARERcWLHEYE

KRMBHE HREK c LIAMOERAT R
F L4 (ANOVA, nmol O,/min*g BAT: P =0.003;
nmol O, /min *¢”BW, P <0.001), LSD R ¥ %
B ERME AN AR A K c RIME R
BT HA 3 MEEA(P<0.05)(E 3), KXMat,
ST5 23CHitk, 8% BAT IRME AR ERE
JEEEYE 115 B AN 106% F0 45% ; 858 B AT 4+ 51
B 114% 1 159% 5 5C B, 5506 MR B K L RS
79% 0 298% ;23C AT 41 SR 73% M 124% ;5C
HHR 23C KN BRLAY 3.7 {5 5.8 1%,

3 9 i

BATE NST X R R BAT 85T
FEHEFANLNAE, BHFRAEY, £ BAT
S % BE L SR PP T B 7 % 39948 1 (Heldmaier
%,1990), RN BRBAN LHEREAT &
(ER4EE,1989,1990; Wang % 1996), HER%
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Figs. 1-3 Effects of photoperiod and temperature on BAT protein contents, mit

ial protein contents

and cytochtome ¢ oxidase activities in plateau pika
WL. R HEER (23Cand 161, 8D); CL. EBAIKNM (5Cand 16L: 8D); WS. MBRUEKM (23Cand 8L 16D); CS. HBH

SR (SC and BL: 16D); BW. fkR (body weight)

ERBRERAMET BAT SEAHR T 23CK
KM, SCEXREMAEAYRE 23CK
G 2.7 fF ORI R E AR 230 KR 4.1
L HMER c SAMFEEN 3.7 4, HAEBE &
BAEEMAARER o FARE R BRGE S G
FSC MG RA, BRERT 23C MKk F4.
B, X B BE R S R AR Y o
Heldmaier % (1985) #1 Rafael % (1985 ) #£ 4
KRERBMHAT R, EEREHT,BATL
AR ER KR WBES (UCP)# i, #
IR MY EESK E SRR RAEEMN,
EHRRBSBRMABERK, MKEHELHT,
STH¥ DI BAT B i 00 3 %, GDP 454 3810 9
% (Rafael % ,1985) o &R 8L ST EXFYILE ST
LMY NST #Il BAT PP 49 8 10 Z X (Heldmaier
% ,1982; Rafael %,1985), RITMMELER LR
B, SCHME AT AW BAT PGB, %3
TSRS, BRELZRBAT AESHEL S 1
%9 10 45 (Rafael % ,1985) , k4 B Apodemus syi-
vaticus ) "0 BAT RRAF 5810 3 4%, @ UCP R4
0 30 f(Klaus % ,1988) . X358 BAT iR
AR, AR RR R R BB S OME, BT
T YIS T H B, Wiesinger % (1989)
H-BPHRRR, KPS RBINEXRTFEERE

RRNST RBREBKA, BA NST 5EHYHPLE
K NST i1, B BAT 7= #A 45 4E 038 BV #E 26 16
B NSTARBREZE R, WSTHEEME BTK
JeRH i, BARKESS EM N 10.5 £, & GDP
— 454 (GDP-binding ) ##11 35 it
Horwitz(1989)I\ 3, 48 %6 Rk, %t R KL 4 GDP
HRMERESGRAT AR, nEEANT
(ZRFPANBHRRER RS WL, GDP- &
AMER EXRNARXHER, BEEEMELR
ALK AR GDP 4 At — 413, AN
FFRE TEE AR BH A, 7 Heldmaier %
(1989)ik %, S RAT R MR £ E B BAT RF %
BT 0 MRS RAK K UCP i, %ERM
BKW¥ ( Clethrionomys glareolus) 1 th, 5 3 48 bl ) 3
Ro AREXRTES BAT HROL KRN
WS HARREE BN TR LERES
ENEAR &, BELNAGNRAESREL
R, B % 5 28 1 0 R A0 R I 225 R T 6
MERMS I RRME AT BAT 4.
MTEARANLRBNEALHE, AWERY
AR—%, Heldmaier % (1989) ik ¥ R E X T
UEAEA UERRALNES. Ed HEL
E /2 BJK & F B8 88 (lipoprotein lipase, LPL) BT 5
% EHRETRASERIELE, T Klin-
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genspor % (1989)BR 3L /G 1AM , 9 Y6 FAMI SR 380 8 B 3L
FHE LR = BARE B HIMEE RS . RINME
R BERMAERARERM, BS BAT RKE4&
33 30k 1A R

BRI BB T LAA K, SR s B R AR A
WATE R 7 $ B AL BR A (5 5, 153 Fh R Bz 1Y 4
B R4 T (Heldmaier %,1989) . — ALK
e T B B R R A TR
AN BAT PABRS , B TR A &t 1L
H—B RN R, B R AR A2
i R B R B SR K K (melatonin) B 42 ] (Held-
maier % ,1986) ,

FELORARACT L, G305 2 R T 0 g I L

$ %
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1#,10(1):40~53. [Wang D H, Wang Z W, 1990, Strategies for
survival of small mamimals in a cold alpine environment Il . Seasonal
changes in the capacity of nonshivering thermogenesis in Ochotona
curzoniae and Microtus oeconomus . Acta Theriologice Sinica , 10
(1):40-53.]

EWE, EMD, 1992 WA ERRI-WHFLAR). A5
#,11(3) ;43 ~48. (Wang D H, Wang Z W, 1992. Brown adi-
pose tissue and its thermogencsis: a review. Chinese J . Ecology, 11
(3):43-48.]

T, IR, EABH , 19930, %6 RS W £ R0 R 4 SRS 50
PR R HIHR(]). BAFER,13(4) 1271~ 276 Wang DH, Liu X
D,Wang Z W et al , 1993a. Seasonal dynamics of composition and
function of brown adipose tissue for platesu pike. Acta Theriologica
Sinica ,13(4) 211~ 276. ]

EM4, MK, EB,199%b. #ER R R KK R A%E
HI). W%, 13(2): 104~ 113. [ Wang D H,Sun R Y, Wang

REEATERM; REHRER c LABEEESY
B, AEERERAEFAEINZTILIESD,
FHREMALRBREZNAVES, BIETR
EEAAESHIUGTHEL, TTBEHBLRA
k. RABAEMT FROEEEA T, Bk
=, ANs THELRGEREEK, REAUK
FERARSS . HEHRLSRA, HHAYE
ENELRER, BEdTRELRSBREE, A1
BREEHFERBSEHFHAL, FiBER
FETES YRR ISR LM, FER BT ER
WHLIRR B S5 NESRRR kAR
AT, M8 A BT R A 0 T YA R PR A B T
fext BT kR R R f

X ®

h body weight and reprod: in Alaskan red-
backed voles(J). Jourral of Comparative Physiology ,B 156,741 -
746.

Hagelstein K A, Folk G F Jr,1978. Effects of photoperiod, cold acclima-
tion and melatonin on the white rat(]). Comparative Biochemistry
and Physiology ,C 62:225~229.

Haina A, Fousie F R, 1980. Heat production in cold and long scotophase
acclimated end winter acclimatized rodents (). International
Journal of Biometeorology,24:231 - 236.

Haim A, 1982. Effects of long scotophase and cold acclimation on heat
production i two diurnal rodent (J). Journal of Comparative
Physiology,148:77 - 81.

Heldmaier G, Steinlechner S, Rafeel J et af , 1981 . Photoperiod control
and effects of melatonin on nonshivering thermogenesis and brown
adipose tissue(J). Science ,212:917 - 919.

Heldmsier G, Steinlechner S, Rafael J et at , 1982. Photoperiod end am-
bient as envi cues for seasonal i
sdaptation on the Djungarin hamster, Phodopus sungorus(1). In-

ternational Journal of Biometeorology ,26:339 ~ 345.

Heldmsier G, Buchberger A, 1985. Sources of heat during nonsaivesing
thermogenesis in Djungarian hamsters: a dominant role of brown
adipose tissue during cold ecclimation(J). Journal of Comparative

Physiology, 156:237 ~ 245.

Heldmsier G, Lynch G R, 1986. Fincal invalvement in thermoregulation

and acclimatization(). Pinea! Research Reviews ,4:97— 139.

ZW,1993. E; water loss and tt in plteau
vika (Odhotona curzomiae ). Acta Therintogica Sinica ,13(2): 104
-113.]

EWE K, ERDH, 1996 1RE RAVILT B 0B
HHE(1). S5 # M, 42(4): 369~ 376. [Wang D H,Sin R Y,
Wang Z W et al, 1996. Adaptive themmogenic properties during
cold exposure in root vole. Acta Zoologica Sinica ,42(4) ;369 —
3%.1

Feist D D, Morrison P R, 1981. Seasonal changes in metabolic capacity

and norepanephrine thermogenesis in the Alaskan red-backed ole:
environmental cues and snnusl differences (). Comparative Bio-
chemistry and Physiology A 69697 ~T00.

Feist DD, Feist C F, 1986, Effects of cold, short dsy and melstonin on

Helds +Steinlechner S, Ruf T et al, 1989. Photoperiod and ther-
moregulation in vertebrate; body temperature rhythms and thermo-
genic acclimation(J). Journal of Biological Rhythms ,4:251 - 265.

Heldmaier G, Klzus S, Wiesinger H, 1990. Sessonal adeptation of ther-
moregulstory heat production in smell mammals{A). In: Bligh J, K
Voigy (eds) Thermarecepters and temperature regulation, USA
(M).235-243.

Heusner A A, 1984. Biological sinilitude: statistical and functional rela-
tionships in comparative physiology(J). American Journal of Phys-
iology 15R 839 — 845.

Hirnms-Hagen [, 1989. Brown adizose tissue themmogenesis and obesity

(1. Progress in Lipid Research ,28:67 - 115.
Horwitz B A, 1989. Biochemical mechanisms and control of cold-induced



5% EREYF: ARABRMRRRARBCUEAASASENER 351

celivler thermogenesis{A). In; Wang LCH (ed) . Advances in com-
parative and environmental physiology IV (M). Springer- Verlag. 83
-116.

Klaus S, Heldmaier G, Ricpuier D), 1988. Seasonal acelimation of bank
vole and wood mice; nonshivering thermogenesis and thermogenic
properties of brown acipose tissue mitochondria (J). Journal of
Comparative Physiology, B 158: 157~ 164.

Kingenspor M, Klavs S, Wicsinger H et al,1989. Short photoperiod and
cold activate brown fat lipoprotein lipase in the Djungarian hamster
11). American Journal of Physiology . ,25TR:1123 - 1127.

Lowry O H, Roscbrough N I, Farr A L et al , 1951. Protein measure-
ment with the Folin phenol reagent (J]. Journal of Bioiogical
Chemisiry, 193:265 = 275.

Lynch G R, White S E, Grandel R et al,1976. Eifect of photopenod,
melatonin administration and thyroid block on spontaneous daily
torpor end temperature regulation in the white-footed mouse, Per-
omyscus lewcopus (). Journal of Comparative Physwology ,B 125
157~163.

Rafacl J, Vsiansky P, 1985. Photoperiodic control of the thermogenic ca-

pacity in brown adipose tissue of the Djungarian hamster{)). Jour-
nal of Thermal Biology,10:167~170.

Sundin U, Moore G, Nedergeard J et o/ ,1987. Thermogenin arount and
activity in harster brown fat mitochondria: effect of cold seclima-
tionl]). American Journal of Physology ,252:R822— R832.

Wang Dehua, Weng Zuwang, 1996. Seasonal variations in energy re-
quirements and thermogenesis in plateau pikas and root voles(J).
Acta Thenologica (Poland),41:225 - 236.

Wiesinger H, Hiidmaier G, Buchberger A, 1989. Effect of photoperiod
and acclimation terperature on thermogenesis and
GDP-binding of brown fat mitochondria in the Djungarian hamster,
Phodopus sungorus J). Pfiugers Arch ,413:667 ~672.

Wander B A, 1985. Energetics and thermoregulation( A). In; Tamarin R
H(ed). Biclogy of new world Micratus {M). Special Publication
No.8. American Society of Mammalogists. 812 ~ 844.

Zegers D A, Meritt ] F, 1988, Effect of photoperiod and ambient tem-

perature on nonsheri is of Perumtyscus

(1). Acta Theriologica (Poland),33:273 -281.

EFFECTS OF PHOTOPERIOD AND TEMPERATURE ON BROWN ADIPOSE
TISSUE THERMOGENIC PROPERTIES IN PLATEAU PIKA

WANG De-hua  SUN Ru-yong®  WANG Zu-wang
(Institute of Zoology . the Chinese Academy of Sciences, Beijing 100080 wangdh@panda.ioz.ac.cn)

Abstract; We examined the effects of and

Low and/or short photoperiod induced

photoperiod on the thermogenic characteristics of
brown adipose tissue in plateau pikas ( Ochotona cur-
zoniae ). Pikas were acclimated in the following
groups: DLong day-warm temperature (16 L:8 D,23
C);@Long day-cold temperature (16 L:8 D,5T );
@short day-warm temperature (8 L:16 D,23T };and
@short day-cold temperature (8 L:16 D, 5T). Both
temperature and photoperiod were important environ-
mental cues for changes in thermogenesis for pikas.

increases in tissue protein contents, mitochondrial pro-
tein contents of brown adipose tissue,and cytochrome
¢ oxidase activity of brown adipose tissue mitochondria
in pika. Animal’ s habitat preference and behavioral
properties play an important role in the seasoan] accli-
b ic ch i Our results
showed that temperature and photoperiod combined
induce thermogenic adjustments in plateau pika.

of

Key words: Plateau pika { Ochotona curzoniae ) ,Brown adipose tissue (BAT) , Mitochondria
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