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Acute hypoxia exacerbates inhibitory effects of sodium cyanide on energy metabo-

lism in rat in vitro liver mitochondria
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Abstract. Objective To investigate effect of sodium cyanide (NaCN) at different concentrations on the
mitochondrial respiratory oxygen consumption, the mitochondrial membrane potential ( MMP) and activity of the
complex [V of mitochondrial breath train in in vitro liver mitochondria from the rats exposed to simulated high al-
titude hypoxia, and to explore the characteristics of energy metabolism in the mitochondria from the rats subjec-
ted to cyanide poisoning during acute hypoxia exposure. Methods Adult Sprague-Dawley (SD) rats were set
randomly into control and acute hypoxia groups (n =8 in each group). The acute hypoxic rats were exposed to
simulate 5 000 m high altitude in a hypobaric chamber 23 h/d for 3 d. Rats in the control group were bred in
the normoxia condition at the same time. The liver mitochondria were isolated by centrifugation. Mitochondrial
oxidative respiratory consumption and activity of the complex IV was measured by Clark electrode after the treat-
ment of NaCN at 0, 0.01, 0.1 and 0.25 mmol/L respectively, so as to calculate mitochondrial state 3 respira-
tion (ST3), state 4 respiration (ST4), respiratory control rate (RCR) , the rate of oxidative phosphorylation
(OPR), and oxygen consumption rate of the complex [V. MMP was detected by Rhodamine 123 method at the
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above-mentioned concentrations of NaCN. Results NaCN at 0.01, 0.1 and 0. 25 mmol/L inhibited the mito-

chondrial oxidative respiratory function, and decreased MMP significantly. The inhibitory effects of NaCN on

energy metabolism in mitochondria was in a dose-dependent manner. Compared with the treatment of NaCN at

the corresponding concentration in the control group, mitochondrial function in the acute hypoxia group was in-

hibited more seriously. Conclusion Acute hypoxia exacerbates the inhibitory effects of sodium cyanide on en-

ergy metabolism in rat liver mitochondria. Its mechanism might be relevant to the decoupling of oxidative phos-

phorylation, functional down-regulation of complex [V in respiratory chain and changes of the mitochondrial

membrane potential in liver mitochondria from rats exposed to acute hypoxia.
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ZETRIRTT (ADP) (% I 123 (Rodaminel23) | £ ji il 55
B A Sigma A ], 42 BRI B E 255 H L2l 0 A R A
Al SESRRR NG A RKHOEE RS AL THFSE T, NaCN 1 H 2 BR 1l
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1.2.1  shlemipysesy R AUAE SD REL 16 H IRk i
(150 £10) g, M, W TS, 55 = 4B K2F L5 s b0
k2 ) B 5E A B AL 53 411 43 SRy 1 ot B2 RN S AR 4R AL,
48 Ho B AR FE TR, B BUEE 5 000 m &
R (RAEPRHFAE 405. 35 mmHg, IR AEFFTE 22 ~25 C, AIXF
WEEIEE 70% ) , N THEBH(7:00 ~19:00) ,23 h/d (4Kl
SEE L h AT RE)  EEE 3 d, XHBAH Y TR R
AT R SR . A SR LA R bR v R e e (5 =

[ R 2R s b BRI, B 15 o/ H) , Bl KoK, X
HEZH FIVER S 4 AR B A3 00 7 1SS RIAEG FE  P BT Sk AR BB, TR 43
A,

1.2.2 FFRERifRbl 4 BFAHSRR R A 7 s IR I S 8
Cardoso 2> {774 . K BUT Sk b BT )5 , I HCZ 1 g HF4H 4L
e BT A UK B A B A (250 mmol/L FE B, 1 mmol/L
EDTA, 10 mmol/L Tris,pH 7.5) v, B R% -4 3¢ J5 iE 47 22 ok B

O, IR ZAF BN LA DTVE , LU i 43 B A0 PR F . ORI
D RE R A Brade-Ford %, LA4- IfL 35 1 26 1 AR
1.2.3 SRR IIAENE B8 Chaver 257 (7786, i
SE S LEAARFR 0.8 ml, 4 0. 1 ml Lok OB (75 0.1 mg Lok
PRZE ) A0.7 ml 2% A (75 mmol/L EERE 225 mmol/L H %
fi£,0. 05 mmol/L EGTA,5 mmol/L KCI,10 mmol/L Tris,4 mmol/L
K,HPO, ,1 mmol/L KH,PO, ,pH 7.4) jil A 5 i ith iR 781 min,
PIZS S AT, AR IR (1. 25 mol/L A Z R #H 10 ul,
1.25 mol/L 3ESM4N 10 wl) K NaCN L BE 43514 0.0. 01
0.1.0.25 mmol/L,30 CIRA 5 min, I A 0.1 mol/L ADP 5 ul,
ILSRAFEIN LR, JFH A 25090 (ST3) FIV 2500 (ST4) Y 4
FER IR 42 ] % (respiratory control rate, RCR) DL K G AL BE R
AL (oxidative phosphorylation, OPR) , ST3 F1 ST4 D) B v £
LR EE 557 BF 8] P 9T 6 19 405 4 52 1Y 4 7 (nmol -+
min~" + mg™'), RCR L) ST3/ST4 %75, OPR %71 8 o7 i [f] Y
T2 SRR BTG Y ATP 4 (OPR = ST3 x P/O) #
- mg ™" H P/O {HR B AR & P ADP
P22 SRS RH W BT T FE I N BE R R T4 2 L o
1.2.4 2R 4K % B v ( the mitochondrial membrane potential ,
MMP) fE 208 Emaus 550735 46 0. 1 ml 2R P
(% 0.1 mg SRR MA 1 ml R4 52 (150 mmol/ L
HE .5 mmol/L MgCl, .5 mmol/L BEFHFREN 2. 5 wmol/L £ MR |
5 mmol/L K, HPO, .20 mmol/L HEPES 1 pmol/L Rhodaminel23),
A NaCN ZE283k BE43 3138 0.0.01 0. 1.0.25 mmol/L,30 C ¥
H 5 min, L5000 x g B0 5 min, BRI E SO GHREE , IF1T
LR AR LA
1.2.5  ZoRi A o 5 g 4 52 45 it IV 3% 14 00 o % & Ra-
fael ™ BRI . Clark LM SR H A B R-EDTA 700 wl,
PURIMLAR 25 pl, 0L (R C 15 pl, PO F 3 X 2% — iz 46 2 £
(TMPD)5 pl, 30 Ci¥1 min, Jil ALRAREWR 10 pl (&
0.01 mg LKA 1) B NaCN L9 & 43 54 0,0.01.,0. 1,
0.25 mmol/L, W% H 5 min, o5k EFEM LR , 7155 B s [A] o 2
RELRSE AR
1.3 %hitsa®
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5, K H Simple contrasts 47 0.01.0.1 .0.25 mmol/L NaCN £%

37>} nmol + min "'
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W25 0 mmol/L NaCN ¢ BEZH 45, SR B & HeAs ko6
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2 HR
2.1 NaCN #f & HAKRE KRB RITF Z AR E 0
A

KRR B H A 0.01.0.1.0.25 mmol/L NaCN #J1] i 2
PSR AR IE IR T BE, 5 A G 0 mmol/L NaCN A Lt
% ,ST3 .RCR #l OPR W %A (P <0.05,P <0.01) ,ST4 &%
Fr (P <0.05, P<0.01), HFZE NaCN ¥ B Tt , 2 b {0
W THREZR AT AAL 5 5% R AH A 1Y) NaCN &b Bk B8 Hh A, ST3
RCR #1 OPR ¥J[%AI%,ST4 FH&5 (P <0.05,P <0.01) , L3 1,

F 1 NaCN RIS R 2R & K R B A b iR IR E 1 5 #00

(nmol » min™' - mg™', n=8, x£s)
215 ST3 ST4 RCR OPR
it BEZH NaCN ¥k Ji
0 mmol/L 60. 65 +4.31 7.98 0. 68 7.64+0.71  149.73 £9.99
0.01 mmol/L 56.09 £4.728  8.70 £0.648  6.46 £0.48P 137.93 +15.308
0.1 mmol/L 42,294,470 9.49+0.78>  4.47+0.46>  96.86 +11.33b
0.25 mmol/I. 32.48 +3.12b 10.28 +0.60P  3.16+£0.30b  72.32 +7.65b
PR NaCN e JiE
0 mmol/L 51.11+2.554 11,09 +0.54d 4,61 £0.169 118.55 +5.124
0.01 mmol/L. 47.07 £2.03ad  11.98 +0.56ad 3,93 +0.12bd 109.25 +5.78ad
0.1 mmol/L 36.00 +5.00bc  12.85+1.06bd 2,79 £0.18bd  77.43 +9.49bd

0.25 mmol/L 28.19 +4.25bc 13,76 £1.05bd 2,04 +0.21bd 59,40 +8.23bd

RCR % ST3/ST4 ybffi;a: P<0.05, b: P <0.01 5 0 mmol/L NaCN
Wd; ¢: P<0.05, d:P<0.01,548 5 NaCN & ¥ o s+ 8 40 b4k
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VAR A IV G, 3R 24 B IV AR S0 36 a2 (R 1 S A I
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ORI B e, 4545 T Cytaay 1) CN™ Al 5 2Z fift
B, DRIH AN RE 5 S W A ) 6 2R AR T BE A9 52 1
ABFFEFRMN ,0.01 mmol/L NaCN fASME 7 Bl A i) 2 [
B SRR 420K BRUTFJE 2ok £ ST3 \RCR, OPR | i
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THRE A 11 HT2E— 25 i, 22 3 B URIOC & .
X — 2 SRR AT T R A NaCN A Sz 15 25 14
JPRIE LR ST , ] LA 2505 e TUA 0 0 i SR R k4
YILRAR DI RERI LR . ST3 Jg ADP §246 7 ATP
FATERRAL I FR A 48R, SR ADP XPZRRI RS AL
IS SR R8I0 9 4 A 5 ST4 Dy ADP FE RV 1) 2 it 40
FE, B JORARE” s RCR Sz e 2 Ak Wi 1R 1 A K
FEHE; OPR S WESEALBEIR LSRR/ . 2 CN T 520k,
TARIR I 5 A S 14) 240 . €5 2% SR A Tt 45 45 40 o) JHG 355 4
Ja , LTI 2 B, L 1A T AR AR, B ST3 A
HI T AL R R [, FE TR R P R B
KA BESMI B 1 80, B ORI R 1 AR
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(AP, HIRS) H* 2 FOF1-ATP fifi /5 5 ATP [ 5 3h
1) FEAK, ATP Az i/l , B0k OPR [AR . 7EASL IR
H, MMP AYREAREN Sz e T AP B FEAR ., FALrim il &2
AV IEER R, nT% & A T (NADH i &l 52
B TEER SRS A T ] R AR D
AT b AT U 8 JBE R DG, PR U 38 22, 15 U
BT, e 2580 ST4 Fh =, MMP il OPR i — 25 B 1K,
ST3 B REAK S ST4 ()7 M fifif% RCR F&AIK,
AHIF 5T W, PR AR AR 4 K BRURT JOE 2R 7 44 ST3
RCR \OPR | [l A3 F1 A2 & A IV 36 14 349 85 2415 1 AH ]
NaCN ¥ FE (/)% B2, ST4 D) g 28 T X BE A, $ 7R &
PEARAE AT LU EE NaCN X K SR AF £k 4 fi A 35
FOHIVE , 3 AT e o IR A B N S Akt T 414
EBOIINEN — D EEHH . SEER T, 4
LA PN S FL % 3 4 A i ( BV 400 i £ 3R SR g ) 45252
B EUR b, 53 4h, KB IR MERE B A FngE /By
075 T AR LA K A5 68 28359 410 o) P W % I 1 s T A% 328
T IR S H AR BEL Y, F 15 88 R R I, ST3 Al
MMP T, 4k OPR TR ™" R, 7% 5 B
A& A U, R TS BT, 30 ST4 T, MMP
F1 OPR #E—2DREAI; I3 A, 2tk Bl 48 ST4 Tt mT BB AN
RN AN G FR K L ATP/ADP #4328 284 52 ]
M-SV SFA R ETH R INA G, E 2B HEah
=, 24 NaCN {5 T IFLRRLARRT , 52 A B IV 76 2 o i —
AN, A LR AT U T B8 A A7 10— 2B BRAI
KT FA) b K i 8 B NSO A R i L (1
P AR AR SR T FUAk ) b g BRI i I
= . HETH IR, I 4-DMAP 25 | Hf# L5
JENG LT R S R 4T B A, S g (R A A
it 4 2 U 1 B CIN ™ X 200 i € 25 A0 Fk i 1) 39 o 1
FHo SR, 76 IR R 5 R 1 T 4-DMAP %5 figt 8 24
Yy, BT I = Ak £ 8 1 R 2 ik — 2P E
ZURA, P 1= JRUN FH 4-DMAP figt 8 75 228/ il
FE, SEOLPAMCEIE AR RS ERM, A
PEAG A2 5 | A 4R (A 51 455 AN D) RE s %, T LAJINEE NaCN
Xof K SR S A A B % A 0 1 T 3 T B v
JRAC AR ST TR T R G E B 05 & i — 4
FEALH . ARG LRGBS St 2 B P E E) T
T N BEBE T A S R v P e S R A N B
TIRA] Y o SR FH 2 W B 5 IR e R o e DA
AR BRI RE R T g, T AR (R AR Lok
(RXFEAL Y N 52 68 1, AT RE XS T R e 4 b

T BB BA 1R o

ASHITFEIE i ST S P it SR PR TR, LA (] o
JE NaCN ARG & X JHF HIE L b 4% 0105 2 g B vl A3 il
SEAAHEIVIEVERZ I, 5 5R 527 : DONaCN (RSN I
FANHIR UL R DI A . @2 AR 4N #E NaCN
PROMIE R R BT IR SR A A AU RS . QAL AT
RE -5 S Ml S R B SRR 4 A W 1R T 8 I K | P it i
KAV DI REREAR S Zebn A I HL A3 b A2 A7 56, D R A
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