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FE. FE4CRMER R (1h, 4h, 8h, 24 h) FFEFER R (7d, 14d, 28 d) KT, WE b G HR
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Effects of cold exposure on mitochondrial respiration of liver, diaphragm

and cardiac muscle in tree shrews ( Tupaia belangeri)
XIE Jing, WANG Ying, LIAN Xiao, WANG Zhengkun

( School of Life Science of Yunnan Normal Uiversity, Engineering Research Center of Sustainable Development and Utilization of Biomass Ener—

gy Ministry of Education, Kunming 650092, China)

Abstract: The state Il respiratory ability, state IV respiratory ability, respiration control ratio ( RCR) , total protein con—
tent and mitochondrial protein contents of liver, diaphragm and cardiac muscle in tree shrews ( Tupaia belangeri) were
measured during acutecy cold exposure for 1 h, 4 hs, 8 hs, 24 hs, and prolonged cold exposure for 7 days, 21 days and
28 days. The state Il respiratory ability, state IV respiratory ability were measured by oxygen electrodes and the total pro—
tein content and mitochondrial protein contents were measured by Lowry method. The liver mitochondrial state Il and IV
respiratory ability both greatly increased with prolonged cold exposure, 132.9% and 124.4% (P <0.01) respectively in—
creased after 28 d. Compared to the controls, RCR increased by 35. 8% and 48.4% (P <0.05) in the 8 h and 7 d
groups and the content of mitochondrial protein also increased by 104.66% (P <0.01) while the P/0O value showed a de—
creasing trend during the whole cold exposure process, showing a very significant level after 28 d, decreasing by 40.2%
(P <0.01). The respiration of the diaphragm muscle mitochondrial state Il did not change evidently during the cold expo-
sure process, however, the state IV respiration increased by 54. 7% (P <0.01) while RCR decreased by 42.1 % (P <
0.05) and the mitochondrial protein increased by 45.2% (P <0.01) only in the 4 h group. The state Il respiration of
the cardiac muscle mitochondria increased by 54.7% (P <0.01) in the 8 h group and the state IV respiration significant—

ly increased 94.7% by the cold exposure (P <0.01), while RCR decreased by 37.8% (P <0.01) and the content of
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mitochondrial protein showed a trend that increased at first and decreased later and the 8 h group decreased by 37. 8% (P

<0.01), and increased by 25. 2% ( P <0.05) after 28 d. The mitochondrial respiration of liver was significantly en—

hanced during the cold stress incorporating that the increase of proton leakage and there was some adaptive change in the

mitochondria respiration of diaphragm muscle and cardiac muscle also, which compensated for the increasing energy re—

quirements to some degree under the cold condition. These were important strategies for tupaia belangeri to adapt to the

cold.

Key words: Cold exposure; Liver; Muscle; Mitochondrial respiration; Tupaia belangeri; Proton leak

AR5 A K e R AR A DA OG,
TR W) A AT A BE B A A TE R RE R IR B b, £k
RLARIEIE 3 R AR A, TERS VPR, B
TN LE ATP A5 WG T 2 A 2 8 BT 1% 1R
(] 3] 2 A7 A% P RS R B 0 18 [l s A9 JE 88 [ml i, 3
— R AR A kiR BT Tt ( mitochondrial pro-
ton leak) (Porter, 2001), il K ML AAIREIV
I W% o 3k i bl ot itk s A RS (Bouillaud et al.
2001) o Jor itk dw = AR Y B8 B 322 DL B ORIk
(Silva, 1995), i Z s {47 A (IR 0T, 7 40 i
MIRE B TH AR R rp, AR K — 380372 1 T ZoRi ik T 1
iU BT S0 4 ( Porter, 2001), T H & I Ik
(Nobes et al. , 1990; Brown et al. , 1990; Harper
and Brand, 1993; Brand et al., 1993) . ‘B & AL
(Rolfe and Brand, 1996) . & ¥ ( Krauss et al. ,
1999) . Mg RZM ML (Porter et al. , 1999) Fil ik £ 21
(Krauss et al. , 1999) H#8 & P+ I 09 7776 .
FERWY, JEREZORL AR (9 5T T AT DAJE B 2R HH Al AR
% (Basal metabolic rate; BMR) AJ 5% ( Brand
et al, 2000) , 5 A B % ILAORL A B4 BT 45
HE55 AN A 20 2 rp i o O o0 A ARL, SREA L
P L2 BMR MU 20Tk, 2w T,
di 3] T RS R 15%  (Brand et al., 2000;
Rolfe and Brand, 1996) ., Rolfe % (1997) Ak M.l»
JUE 5 5 U X BMR B SRR 2915 5% ~10% , A
BB AR TRl R T R, HED A AP
U LR AR i1 T n] RESL R R4H T BMR 1 25%
~30% (Brand et al. , 2000),

g A B ( Tupaia  belangeri ) & 2 i H
(Scandentia) B HIEL (Tupaiidae) zh¥), FE 4
TAHRMW., EE. B4, RIH//R, gif) . D &IRE
JUVU R R KT R R A, AR TR AR AT /N B 3L 3h
Yy, v g 2 B b oA e ) A A A R s Y
—AF FRE R PR S P R AR R RE A i
R oAU R, 32 S L M IR Y [ AR BT R
M CERAE, 1991) 0 AL H = DU Iy fF 58 3%
B, oA T2t I b 0 v i i, R S N

WoRH T —E B ERRE, A X CRBLH —E 1 2
SV O(TE R %, 1994, 1995, 1996, 1999,
2000; K4, 2001, 2002) . N T HE— TR
SRR T Y X b AR R v 35 0 B B S, FRAT
PERETHRML . O WURIFBE L 20 Sl Xk &, 5
HAE 2 MEV BB RS2 YIRS T Zbi AR AT
WP IR R RS IV R 2 1 28 A 0, FR I 45 2 2R A (K
R ST I SE N CINEN S S (W X AT S
3 PN LR AR 1 T F e BORRAE R i — 2D B 5T
AR U I 3 T v 44 A e — {1 2 B /N B 3L sl A 1
PR A BRI Al TR,

1 M5

1.1 shiphb 3

LR ST 2006 4 9 H i H 2 e A R T AR
MBEFEIE (db4h 25°25 ~26°22', K4 102°13'
~102°57") MM (141 679 m), sh¥ 4l
WG, 12 ~14CERSLMHTENI d, J6
FE12L:12D, B NOdXT R, W EZEHDI h,
4h, 8h, 1d, 7d, 14, 28 d3:7 4, A 8 H
Y, EREEEE 4 21°C, LR 12L; 12D, L H
ST B AR 5

S W X R AR B I BRI, S 2 5
HEZH v R i M 4520 T 3R b A 2 R I K24 R
R E B S LR E
1.2 HALRARR 5

Y W Sk Ab A6 I, TGO BFIIE | 0 I R
JEWL, #% B8 Cannon #1 Lindberg (1979) . 2= KIF4E
(1994) MTEBES (1995) N8I, # I
FEVKIE TBTRE, IS ARRBL (W/V) ISR HUH ,
Fah5%; 2000 g, 4CELT min, FUHE; WL
10000 g, 4°C 010 min, 7 L, ¥ DU
R BORETE 210 000 g, 4°C&.0010 min, 3 b
s TS UITE R A Gobi A, hnad o 32 O v g, B
AT R0 S P O LRI R UL 4 1) ol £ 2
B8 Oufara %% (1987) Fl Goglia 5% (1993) ik
#EAT, EORE L,
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1.3 GORiMARIT 0 3% M o

% CHLOTOLAB?2 4 H, % ( Hansatech Instru—
ments Lab) | & b AR A IVIFIZ , 5 wmolADP
MEARZS MIE A PO fH (EBURSE, 1996) 5 I
W) R BEFATR , KW AR S ARF K2 ml, S i
A 30C .,

B 1K H FolinPhenol 7%, DA ML V& H
HH AR,
1.4 Sitontr

B35 K A1 SPSS for Windows 10. 0 48 34441 ik
e T B, e XA RV 2R BRI [B] T, i 2
PRI LA E i de bR a4 T B2 0 2 )5 225797 ( Repeated
Measures) , 25K BRPTLEEEZES (P >0.05),
PR SAE FJr 29087 (One-way ANOVA) , 45
BILLF 481 £ SE FoR

2 #X

2.1 2R iR A T g

fRIRS heH . 24 hef, 7 d4l. 14 d4LF28 d4i
F4) v 40 R Il 0 8 A PR 2 TIT R I 5 % HR 4 EL B
Wi FEW M (P < 0.01, 4> %3 fn 40.5% .
59.6% . 102.9% . 106.8% H1 132.9% ), A [ i}
(1] ¥4 22 i85 2 0% IR L A R 8 T W i 5 % L2 1) L
AW EAL (P>0.05), {KiEALFRS hal 1.0
WLZRr TR 25 T - W 5 5% A 4 e A A B 2 10 388

(P<0.01, ¥N54.7%). (K1)
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5X ALK =P <0.05; #xP<0.01;
Fig. 1

wik P <0.001
The effects of cold exposure on state Il of mitochondrial res-
piration of some tissue in tree shrews.

# P <0.05; #x P<0.01;

#x% P <0.001, compared with control

2.2 ERRLMACRA IV RIR

JHF JE 2 A A4 R 285 TV I 2 AR 38 Ak 3 o 5 vy 52 30
SRR LR, Hrp24 hdl | 7 d4l. 14 44
28 d41 5 X AL LB A i i 3 i (P < 0.01,
Oy BN 38.1% . 39.5% . 102.4% Fl 124. 4% ),
fRIRALFHS heH |, 14 d4H . 28 d4H A9 IR LR K fACIR 25
IV I 55500 B b A A 3 3 m (P <0.05, 435l
N 58.7% | 32.9% F 64.9% ), LRiAARA VT
e, RIRANBE4A heH . Sh4l, 24 hd . 7d4.
14 dZH A28 A4 5 X MR L B A i i E e (P
<0.01, 1/160.4% . 86.2% . 60.6% . 76.5% .

78.9% F194. 7% ) (FE2),
70

3 3
. - 1
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ThestatelV of mitochondrial respiration (Oznmol/mg P.min)
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FFRE LN will8
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P2 Ak S A B A% 2 ZUEORAOIR A IV R R Y S

S XM A B # P <0.05; #xP<0.01; ##xP <0.001

Fig. 2 The effects of cold exposure on state IV of mitochondrial res—

piration of some tissue in tree shrews. * P <0.05; ** P <0.01;

##% P <0.001, compared with control

2.3 SRR AR I ] R

JHF R 2 o A I W s i) e AR A AT U 2, P IR
A PES heH 5 XF HE EL B i 35. 8% (P <0.05), ik
TRAL T A4 5 X B4 b A A R i 48. 4% (P
<0.01), B WLZAL AT 0 42 ] 32 AR I b #E8 hf Al
G AL FE28 d 41 5 XF 8 21 b4 43 3 BE K 30% A
42% (P <0.05), /0> LZR AL PRIE g $ i 26 78 21k
fGRAL BB BE (0 ~24 h) BeahiR K, Hp Rk
1 Wl 124 hdl 5 X% B8 5 o 3 F B 14. 6%
33.5% (P <0.01); FEFF&LfRE LB rp, kR 4L
7 d, 14 d, 28 A4 5 X HR AL H A A W B R R
(P<0.01, FI36.8% . 42.2% HM37.84% ) (&
3).
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Fig. 3 The effects of cold exposure on RCR of mitochondrial respira—
tion of some tissue in tree shrews.

#* P <0.05; % P <0.0l;

#%% P <0.001, compared with control
2.4 LRKREASE
H 2 AR B S I 2R AR 2R 1 o TR SRR b B
BB TR, miGE 14 d4 A28 d4 S5 Xt

WELL L A B 8 (P <0.01, 4% %58 n
151.2% F1 104. 7% ) . BEWLERARAREE [ & &0 28 ik

AR R, LR RR AL H 4h 415 5 B4l
AW EWI (P<0.01, ¥ 45.2% ), L
LR E A SRR AL B ha | 8 hal 5 M4
A B R (P<0.05, 43 % F K 23. 4% i
37.1% ) ; BEEMRIEAL B WE K, EHS 8%
Wi, R AL P28 dZH 5 Xt R4 H AR A S 25 4
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Fig. 4 The effects of cold exposure on mitochondrial protein of some
#* P <0.05; =xP<0.01;

tissue in tree shrews. #xk P <0.001,

compared with control

2.5 JAFEELKRARIEE P/O {H

rh 2 AR R E e R AR I PO {E FE B AR TR
A FE AR R 2R R A, Hrh KR A FES h A |
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Fig. 5 The effects of cold exposure on P/0 of mitochondrial respira—

#% P <0.01

tion of liver in tree shrews. # P <0.05; ** P <0.01, compared

with control

3 itk

LR SR L 3 Y FE Y A, (HAE A AL
AR R A RE T N RE R AL B ATP
AR e B LU B 0B, SR A T 1 il
I (mitochondrial proton leak) , K Ay fif 48 B I W
(Rolfe et al. , 1994, 1999; Bouillaud, 2001), Ji
U AT e 6T 0 L 30 A IR R A A Y TR
(Brand et al. , 1991) , #H—L R L, 7TETA
sy ef, B AR G E TR R 20% ~25%
A ST RS T U S SR A AR R E ARG (r =
0.75) (Brookes et al. , 1998) , W] GEX} a4t i %
HHEEEM TR (Jeff and Kevin, 1999), Porter Fl
Brand (1995) & T — R A[FE S K K/NEsh Y
JHF 200 3 v o ik U o R AR R R R ], SRR
PRBEE AR /NGB 3G A0, T2 i) 6 S R
(7] Fsf i 390 T~ s ) SR AL R 2 30, B 7R M A
WARESA MR R, WWHLPRELE 25% £ 4. W
e, MAZTR S BV E I S b, B U e LAl AL
b 54 A L i #R R A LAY (Jeff and Kevin,
1999) . 41H 314 ( Himms-Hagen, 1990 ) =% 3|
fCIE M a B % LA g 520 20 ( Brown adi-
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pose tissue, BAT) BYr=#/E HIA W &8s, DIgE
Fesh W PRI (Silva, 1995)  JFFHE ) 7= 44 RE g X
INELTHAL Y B AR, S i A R
(basal metabolic rate , BMR) " KZAH20% ~25%
K B HFHE (Argyropoulos, 2002), ARG 75 50 7= #
B 5 5 2Ok 1Y A A8 I AR ¢ (Harper and
Brand, 1993 ), Oufara % (1988) 7EdtJi /MR
( Gerbillus campestris) ¥ YI4L 52565 vh ik & 8, HFIE
LR AR A IV P IR S USRI IR R I B, TCig B
VP B R BT S, Y WAL N T
MR B ( Microtus oeconomus) HJARZ IV IR 5°C Y
TRLA W 8 T 23°C X HRZE (EAEAESE ) 1996)

KT LR AT U 19 B8 B A o8 2 FoE
R, SR, SORLUR A IR b Y A BT A AR I AR
(uncoupling protein, UCP) ;&% T 1R & 2 W /E H ,
BRI SR A SCHERHE A UCPs 78 5T+ e H 19 4E
A JE MR K ( Himms-Hagen and Harper, 2001;
Stuart et al. , 2001 ; Echtay et al. , 2003 ; Nedergaard
and Cannon, 2003 ; Schrauwen et al. , 2003 )., HTHJ
R #ABEE A A UCPL, UCP2, UCP3, UCP4
1 UCPS %5 Z Fl (Ricquier and Bouillaud, 2000 ) ,
Hrpuce2 fEsh ikl orAi)" iz, UCP3 M £ 253
T BAT LN HZUH (Schrauwen et al. , 2002)
VFZ2E 0k, UCP2 F1 UCP3 W BEJE 5 i+ AH
FHEH (Ricquier and Bouillaud, 2000 ; Porter,
2001; Schrauwen et al. , 2002)

TEPEAR IR AN BEBY B, IR 25 T A 728 h
DL Bt A5 ¥4 2% i IF () A 185 00 A A3 8 35 B o 5 TARAS
IV I W A A 25 B 0 5 T B R I iy e ks
A TT BE 55 r 0B i AE A A8 PG I R e DA A
B, 4 hZAi A p9ve RS B R 2288 R (R
FEAE, 1991) WYAEAFREEARAL, S LA P 7 4
1977 2Ok BT B AR R, LA P R X v 3 1
A7 SR B A BN 5 BRI AL B 2238 b
BILAAXT ¥ W38 14 A= B A= A6 S LI GG g, UL PR ) B
BLE = B Wi 45 1 ( Nedergaard et al. , 2001) , Ji
A ATP AR 2 LA IE 5 A AR N 75 2, XF
BERY R I, PR RS T, IV e g 3k 5
47 G 2 1 LA Iy e A0 A ARIRALFES hF1 d
A RS2 H 4B D P I A A I I A 2 2 3 7 3
SRV IE N — R, X 5 A SR % LART W)
BRI (EBAE, 2004)

TEFF SRR AL Bk # v, AR Ay o B 110 7 AR
#E  (Argyropoulos and Harper, 2002) , BR T 48 %

HEH A EEA A D ER S (FERES, 1996)
Ab, ARIRALFE28 dB YRR I | IV P 55X BR )
BIEEE T 132.9% Ml 124. 4% , T H 5% 5 g2 ]
SR IEARDG, XA A 5 b g R v IR 2%
fFF BMR 7284672 — 8 (EBURAF, 1995b)
MW, SPE BMR R 2 70% Rk A N IE &R
(Claussen et al. , 1991) , H-AJFHE 5 A ok B Z 1)
W7 (Brand et al. , 1991 ; Porter and Brand, 1993
Coutre and Hulbert, 1995) , HACE /™= #AEH 20 5
BMR A9 20% ~25% (Brand et al. , 1991), KA,
Vo 7 R R A e P RAE n,  K S T LR
FEALRE M SR A OC, X 5 — S mG ik Zh ¥ 0y 45 R A
A, N3 2 88 5 BOR U IE 4 A Y 8 S5 1S
30% ~80% (Videla et al. , 1975); [RIME . ( Elio—
mys querinus) SR IE AR S IV IFI 3 A0 85. 9%
(Lanni et al. , 1990); JbJ5 /¥ B4 95.3%
(Oufara et al. , 1987), PP ¥4 % (RCR, RE
M/ARENVIFIR ) 5 & il i T 4R R vp i R 24
(Silva, 1995), RJeTFHEA LA, X AlfE
W T HLIA XS ATP K #ivit 75 oK (9 284k, T X 5 R
SR SRE AR OC,  BIZORL A a5 R H4 e ok 3K 2
ATP A =8, WER KR OR ATP, 2SR FIRES
& A ATP A, XA 4R RE A 1 25 1535 g
WA, AT EEK 2 BT I 1 3h A e, Al 55T 1
BRI, XA E I ALE, RERORIENL AN 2=
TR PLRE R AR 2, [A) I 4 5 1 45 B S0 1 R EE
FUXT £ o il 5 - 19 B0 2 (Harper and Brand,
1993 ) v 4 4 it JE U 24 7 1A 2 1 5 o B R
AFR VR Ak SIS ] ) 58 g 2 R, O HLS % Wik
) 8 25 AH G . v Ikl RE S Bk Oy /b BRI B 4
1 (Bourhim et al. , 1990) FiI [ B [, £k k7 1K 5 A
(Lanni et al. , 1990) 33, HpLpikE A
Hom e ol s S E A, XM AL SRIET
BMR &0 i & B %8 = A ¢ (Lanni et al. , 1990)
H R I 7R RS AR AL B AR v, Ok IAR R S
(A5 L #a # 5 H AN K BMR 28 b A4 (E R
S5, 1995b) , Bk, AR AR T g b e I 2R
B, JUHORLORAR S BT A i, 2
P RAEEE AR Z —,

I3 LA BN R L 3l W) B A R [ 6 7
Ao, WA XA K B (Lasiopodomys brandtii)
JHF A 28 A A R 25 TIT I 2 TR 25 TV P I 3 I 3 5
(P>0.05) (ZPKIF5F, 1995) ; Ik AL BEX AR H
BUFEL R A ER S 2N ML ARE (P>
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0.05) (F A4 1996), X L&y 5 b 46 R} i A Jok if 7 5 34 A0 ( Hirata and Nagaska, 1981), /0 JJE

], AT A2 N R R T Ak B S 3 2 b T S 78 /N R 7L
S BMR 7= 86 g 3 B 2 AT b b il (i
B4, 1996), EfTFEZKM T NST AR e brid
I (EFEAESE 1996)

PRI, EARIR AL b, o 24 i JF U 2 A4 2R
I MZobi iR A RE ) CIRAS IV | RS TP
WEER, B = AR S AR, N 3 BMR
W, BT S IRPUIKR N EE T .

XF HP AT R BAT FF 22AIC T 4b BE 21 B & AR Y
WFoEF B, 76 F5 S22 IR A0 B [ Be BAT 3 PR 4% A4 |
AR BBk = SO g, (E R R F A B SR A A
WAL W R ( EECR S, 1996) , 1 ALY
;AR 1 AR AT BEAE Bl 35 N A I R B AR
L, X 50U A 3 B 0 v BT Y B R G
(Claussen et al. , 1991) .

TE2PEMGIR AL BB B, 1R LR 25 T 7 g A8 £k s
BT 2%, WA IR B AT ATP MG
T RE R R E , FURTE IR A B I — AR
JEMUE S, X T BE 5 IR Ak 2 w3 3h 0 Bk
P I S R B 58, iR UL AILO L2 shoin el 45 5%, 768 h
A, RSNV PRI 5 XF B8 L il i 3 m (P <
0.01), TiPFME 46l % 53 A W& T (P
<0.05) . Rofle % (1999) ik W7 H B L+ UCP3
AT DA T 1 it @8 773, Ruben 55 (2001) (1555
& PG VL 2 524 hon] LA B A 2 b 4 11 B85 5 44 B i
A BB AL UCP3 B FaR3m, Bk, HEd X
SRR AL PES ha] R A IV IR I A4 384 568 m] BE t S5 {%
ek ) 35 5 T U 7 AR O

TERFERACIR AL FRBY B, R LR ZS IV P I 7 AIK IR
AhFE1T4 dH B EIG K (P <0.05), 28 dif il B
W FE MK (P <0.01), FULERS A9 IRE &
PR RE R, R LA e 20 B R 1 ¥ 35 0 A o v i
F—EEH, AR PbE T 4Ry BMR 34 i 48 it
b, BARIE N REA S i b BT S B A K,
ViR SR S OIS A 2 B, HO T A% 58 3l
W) A 4 TR R A B — e AR L XTI BB e B
o5 S AR A B NST f4 7= $ATE P 4 il 70 (4 Ik
WP R (F LR 2, 1996) , 7 TAR REE 7
O, X A SO T e 4 AR R X — BT S A
R 3L 3h B B9 8 i N A 2

FESIWEU S I, RRERYe B EE XS B0 il A
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