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Effects of brain mitochondrial uncoupling protein content and activity in rat exposed

to hypoxia simulating high altitude on mitochondrial energy synthesis
GAO Pan, LIU Jun-ze, XIA Chen ( Department of Pathophysiology and Altitude Physiology, College of High Altitude Military Medi-
cine, Third Military Medical University, Chongging 400038, China)

Abstract: Objective To observe the changes of rat brain mitochondrial uncoupling protein ( UCP) con-
tent and activity, and explore the effect of UCP on mitochondrial energy metabolism during hypoxia exposure.
Methods  Adult SD rats were set randomly into control and hypoxia group (n =8 in each group). The rats of
hypoxia group were put into a hypobaric chamber simulating 5000-meter high altitude for 3 days (23 h/d). The
brain mitochondria was isolated by centrifugation. Mitochondrial oxidative respiratory function was measured by
Clark oxygen electrode. Mitochondrial membrane potential was detected by Rhodaminel23 method. The content
of adenine nucleotide pool ( ATP, ADP, AMP) in mitochondria was measured by high performance liquid chro-
matography. UCP content and activity were detected by [*H]-GTP binding method. Results High altitude
hypoxia resulted in significant increase of UCP activity and a 2. 9-fold rise of UCP content of rats (P <0.01).
Mitochondrial state 3 respiration, respiratory control rate decreased respectively to 83. 1% and 66.7% of con-
trol group, while the state 4 respiration increased by 28% of control group (P <0.01). From the correlation
test, ST4 was in a negative line regression with Kd and a positive one with Bmax. Mitochondrial ATP content in
hypoxia group decreased to 58. 4% of control group (P <0.01). The membrane potential was decrease to 80%
of control group (P <0.01). Conclusion Hypoxia can increase the content and activity of brain mitochondri-
al UCP that affects mitochondrial respiratory oxygen consumption and energy production.
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BRI RS , ASBE A AL B8 1) ATP LA HLAAAC il
A, AR EIEE R 1 Z80% (uncoupling protein, UCP) fi&
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1.1 ##

SD KR 16 B, (KA 100 ~ 150 g( 5 = F & K2 L5 5
Wyrpura k) | Ficoll-400 , % FFAH 123 ( Rhodaminel23) |, A JE i
MOPS( 1) %l B Sigma 23], S5 ) , R AL AT CAT(B W
4], %) ,["H]-GTP( Pharmacia 24 ) , E[H )

1.2 Fik

121 iRl asr AR SD AR (44 i 100 ~
150 g, WERER 2 ) 9 18] 550 S AL A 2R 4 2k S IR ok B 21 A ik
A, 8 H. B R BUE THE I 5 000 m @& IRAKE
Py 23 hd, JESEUE 3 d. X R4 3 4 T R RN LR
(1B 1) #% . 7 20 3l ¥ 41 ) A S DRI R AR P (R 4000 R
5000 mEh ) Wik AbBE, TUHTAR B N 2R .

1.2.2 IR INZb A o v R R AR SL g s a7
7 K LT Sk A FE G , B 4N B B R, Ay B
JE 0. 25 mmol/L 4, 10 mmol/L Tris-HCI,0. 5 mmol/L EDTA-
Ko FH 3% 1 6% 9 Ficoll #4755 HE 40 BE B0, S48 3 20 0 (K
ULUE , 4 B AT TR VR . 2RI i 2 R A Folin-Fiik , LU 4
ML E A

1.2.3 SR mp i SRE () il s %08 Chavez %™ i) Jr k.
FRE EAFL0.8 ml RIE 28 °C, #5 0.7 ml KBS BRINA R
Mo A B F 2 min, LS SCHURR, 805 0 AR B 0. 1 ml, T
1 ~2 min J5 U A SRR (0.5 mol/ L S 5158 44
0.5 mol/ LFREESMAIE £40) 10 wl (ADP(0. 1 mol/ L)5 ul,
iR R 2L TFRAE ADP IAS (AR ,ST3) Fil ADP £
S5 CIVASHER, ST4) [ SFERE . 2RI IE M 5 M LA #E nmol
0 min™" + mg™ ERRIIATE KR, PR AR 3 (RCR) LAIT L IV
BHERZ L (ST3/ST4) FoK .

12,4 2O 6 e {37 i) ) 2 2 A R 57 B ) E =
Emaus 25 Jri b5, RN A 2150 mmol/ L #EHE .5 mmol/ L
WALEE 5 mmol/ L BEFARRHH 2.5 pmol/ L BT .5 mmol/ L
WERER G i (pH 7.4) |1 pmol/ L Rodaminel23 20 mmol/ L
Hepes, HUER AR 100 pl I 04 1 ml |, 2896 F B
5 min, 5000 xg , 5 min 2.0, BT 500 nm 4b Hb 66 ) 28 k7
##4 Rhodamine123 ¥ 8 ( [ XJout ) . 8 G 2% i A 35 S A 1
1 wl/mg, 28 KK P Rhodaminel23 [ X ]in = (1 -1. 1 x
[XJout ) x10 000/ HFEMME ., R E O F X HR . &
B B E (i (MMP) = 591g( [ X in/[ X Jout) .

1.2.5  fBIBEER S PEMIE 2 8 Johannes %) 1y

["H]-GTP 55415 #40R R B (29547 0.1 mg ORI R
FOHTA 0,15 ml K2 B (100 mmol/L BEEE E1, S mmol/L
MOPS |, 0. 5 mmol/L. EDTA-Na,, 10 pmmol/L ¥ 3t ¢ il 1T,
pH7.0) SRGIMA AR EHE M [*H]-GTP (1,2,3,4,6,8,10
wmol/L) 37 TR 7 min, 10 000 x g s 5 min, JLIELL 5%
SDS( - e SRR E4 ) T AR HL 0. 1 ml T AR A, A A £
(0. 4% PPO i1 0. 02% POPOP fi) — FI %1 ) 10 ml, B ik 17
3 hRAE GRCA RSO SE RCTE E, 9F LA Scatchard {7
B GTP 5 UCP 4541 Bmax 1 Kd, Hr Kd e GTP 5 UCP
S5 WS B R, Kd K N 8B UCP 5 GTP 254 i 176 P i
G, RO (SR A PEARAIG , T0 Bmax {U3R UCP &5 GTP 455 (1)
bt e UCP By 6t
1.2.6  BLRRCIAPIIRFF R & REAGINSE 71 TGRSR 28
AR RS A9 0. 1 mol/L HCIO, JR &, Tk EHCE 5 min,
SRIG L 12 000 o/ min 8.0 20 min, HU_E 1 ik 400 wl I AGE &
0.5 mol/L K,CO, , 7540 R A, 8 pH {HAE 5.9 ~6.0 Z ], FiK
FCE S min, 12 000 v/min 4 C B 10 min, Ik 50 pl
T (5 FEWRAH (3% 0023 6 00 s B e o b (i R B AR
SR M ANE T 3 RO S R, 0 nmol/mg,,
1.3 %hitsam

BRI LA & 5 F277% , R FH SPSS 10. 0 ek 417 ¢ 104,
EEE: 2iiHES S PRSP WNE i35 S s i

2 H#R

2.1 B FST KR AR e M e

3 Z5IFE IR ( mitochondrial state 3 respiration, ST3) J2 {0 # £k
RAKTLE ADP 7 AEMT , SALBRRR (ol 7 P ™ 2k ATP (9 450FE 4 25
I, ( mitochondrial state 4 respiration, ST4) {83 ADP $E/L 54k
BB FERIFE S . IR 4% il % ( respiratory control rate, RCR) JZ
T A Bt R RGP E R St R U 28 o A A T R T ) R
BET M., S50 A e, Gl 4109 ST3 il RCR B E FER(P
<0.01) ,7ii ST4 A BE EFH(P<0.01) (£ 1),

Rl GREURT T K U o A W MR 5 M R G 1 (x £5)

ST3 ST4
T RCR
(nmol « min ="'+ mg ~ By (nmol « min "' - mg -1y
g 8 68.96 +4.96 7.65 0,70 8.82+0.70
BREH 8 57:32£7.70° 9.83 +0.90° 5.88 +0.39°

a; P<0.01, 5 2 B4 bl 4

2.2 BFSTT R R AR R b A5 69 e A & UCP
EM AT 0 AL
e S A Bl iy 2 A 4 B o, 6% () T L ZF A b T
(P <0.01), it B4 A 80. 48% . UCP [ I P A0 5 Btk by g 3%
FHE(P<0.01), Hep &R 2.9 f5(F£2),

B2 ol S A R A A AT O S M LB UCP R RN & 1

HIEEAL (x £5)
AN PR LR Kd( pmol/L) Bmax ( nmol/mg)
aof B 6 198.91 +8.21 1.24 £0.08 280. 19 +103.81
i 6 160.09 +6.41"° 0.78 +0. 30" 780.23 £117.63*

az P<0.01,%5 #8480 b 4%
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2.3 R T R ORE & AR IR A B A 0 e

A ey Dk S 0 A L 4 M 2R TR ) AT 54 3 S
(P<0.01), Jyxt B ) 58. 4% , fi] AMP & 5 ] i 3% 14 g, fk
S ADP & B R IR R A Fe it 2 B (B 1)

10r DAMP @ ADP gATP

B (nmol/mg)

PR

A IR 2H

ik SR

a; P<0,01, 5 2 W40 bk 4%
FE 1l S ok R 4 0 A AR e D S )

2.4 XKF UCP FHA4 T T SR F M F ST4
049 8 K M M
Brnax 5 BCZORL (A fife (3 166 2 121 0 7 i, A8 JE A0 BT fik s Bmax
Fl ST4 5L B LE M TE AR L (P <0.01,r =0.970)  ffif Fz Wi
SR AP A TE M Kd 5 ST SRR DN 52 38 28 P £ A 26
XA (P<0.01,r=-0.915),

3 itig

FRAB LA fa T I = A IEH
N b R o 2 kA R N, R R AE T PaO, [
{5, PR PLARZ R A AE B G B2 A0 FA L , M
PR R B A DD BEREAG . 1 A 20 2 %k 4 1
M, 1 BT 1] 174 By 2EL 28 e S84 ] BE S BOAS Pl
LG 55 il 4L AR RIS RE S ATP = A 6 R, 0 T4
LA 14 TOCEUHE , Bl I b R RE 2k ¢, Bl 1A 4R
5 R S RE R A A R X

RBRTEVET T FALBE R T i, = MR R TG 3R b e
(14 S 20 LR AR PR ITSE L %) P R B P RS F {0 5 2 s )
Bt 100 W R e £ A 114 e, D o S 42252, DT A PY R )
T 3T o 753X AN L Ak 2 86 B Y 3R 3 F , 51
S B E A ATP il 525 40 i [l 380 55 55, R A ) A A
REAS ML (T ADP FICHLBELS &% ATP,

UCP {1 R ERiiA 1B L B 5 — Fh 7344, 7
A LA S Ao i R K R Rt AR ST, R 220k ATP Bl i) 0T
HAZY ATP ()& 1, 45 F T BUE FF7E T HL Ak 2= 34
AE A 1 BERIIG AR, RER LA TSR . UCP 11
X—AF FHBEIR A A A ATP (HSR5 SR HE T8 1
ob RO A A UL R . T U T AR Y RE R A
R AR R A H R A e IER A
B AL A 3 A T O T R ) B AR R RE R I 209% ~

50% , A LRI A RE AR e I R, H
AT P A7 K L ey DA %o i (R I B, 1 2 i) ) ol
FEAL DL Tt SR R RO IE UCP3 2 [B] /) 3 ik, % F i
Bz 24148 UCP 350 3 B 5 e A R 2 D
FRATASE T R, K R HE AL 5 000 m & Ji ik 4
953 d 5 R SRR UCP 3% PN 3 Rt 24
T, 3 Attt SECRR FE 1 TR A8 0, 28 1 1) S ol 1 1 (R K
T R R AKG , SECP R TR 1 58 13 K, LA ) JC 25 S R I it
P A DR 2 A B, S A AR I R 1 TR RN A Kd
il Bmax 55 ST4 ({28 {L ) SERVEAH KOC R il T ST4
AR SECRT IS 35 14 JE DY) 5 ST3 7E S 0T T B, DU iy ik
FARHLARA L, PEEOR A A LB R (L R R IT.
T UCP S RFGET &, 5 R ZeR R S AL w etk KF
NI, SRR G SRR B0 i, B 5 0 1 A
GNP T 1 A AP IR 1 AR AR PRy B, 5 b (A
A s e S R, R U S B SRR 2R AR B R o B
i, k22 A P i A A, ATP A 020, ZROR AR Y
ATP 55 BEFRAR , T3 B A B B A A e
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