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[Abstract] Objective: To study the effects of chronic hypoxia on myocardial tolerance to acute
ischemic reperfusion injury. ~ Methods: Sprague-Dawley rats were divided into four groups, namely in
vivo experimental group, in vivo control group, in vitro experimental group, and in vitro control group.
The rats in vivo experimental group and in vitro experimental group lived in a low-pressure hypoxic

chamber simulating the environment in an altitude of 5 000 meters. The conditions was set as follow:

FEETH: WINEHEITELSH (172A0123)
FEE B 610500 AR BS 27 5 55 — Bt I 5 e a0 SR
W EMEY : B4, E-mail; wk_jia315@163. com



< 98 . BRI 2535 2020 4F 3 J1 565 47 355 2 39

Int J Cardiovasc Dis, Mar. 2020, Vol. 47, No. 2

atmospheric pressure 54 kPa, oxygen partial pressure 11. 33 kPa, temperature 25 C. The rats in vivo
control group and in vitro control group were fed under normal oxygen conditions. In vivo and in vitro
myocardial ischemia and reperfusion models were established by ligating the anterior descending branch of
left coronary artery and using Langendorff’s isolated cardiac perfusion system, respectively. Ventricular
function indexes, myocardial infarction area and myocardial enzyme level before and after reperfusion
injury were detected in the four groups.  Results; The heart rate (HR) and left ventricular end-systolic
volume (LVESV) in the in vivo experimental group before ischemia-reperfusion were significantly larger
than those in the vivo control group (all P<C0. 05), while interventricular septal thickness at diastole
(IVSd), interventricular septal thickness at systolic (IVSs), left ventricular posterior wall of diastolic
(LVPWA), left ventricular systolic posterior wall thickness (LVPWs), left ventricular ejection fraction
(LVEF), left ventricular short axis shortening rate (LVFS), left ventricular end-diastolic volume
(LVEDV) and stroke volume (SV) were significantly smaller than those in vivo control group (all P<C
0.05). After ischemia-reperfusion, the HR, IVSs, LVPWd, LVPWs, LVEF, and LVFS in the
experimental group were significantly larger than those in the vivo control group (all P<Z0. 05), and
IVSd, LVEDV, LVESV, and SV were smaller than those in the vivo control group (all P<Z0. 05). After
ischemia-reperfusion, the cardiac function of the in vivo experimental group and the in vivo control group
were damaged to defferent degrees, especially in the in vivo control group. Campared with the in vivo
control group, the myocardial infarction area was smaller with lower activity of creatine kinase isoenzyme
(CK-MB ) in the in vivo experimental group (all P<Z0. 05). There was no statistical difference as for the
lactate dehydrogenase (LDH) activity between the two groups (P>>0. 05). In the vitro experiment
group, the left ventricular developed pressure (LVDP), maximum pressure rise rate in left ventricular
(max dp/dt) and pressure maximum decline rate in left ventricular (min dp/dt) before ischemia-
reperfusion injury were lower than those of the control group (all P<{0. 05), and there was no significant
difference in LVEDP (P>0. 05). After ischemia-reperfusion injury, the LVDP, max dp/dt, and min
dp/dt in the experimental group were significantly higher than those in the control group, and LVEDP
was significantly lower than that in the control group. The myocardial infarct size of the experimental
group was smaller than that of the vitro control group after reperfusion injury (all P<C0. 05). Campared
with the control group, the myocardial infarction area was smaller with lower LDH activity in the
experimental group after reperfusion injury (all P<C0. 05).  Conclusions: Chronic hypoxia can improve
myocardial tolerance to acute ischemia-reperfusion injury.

[Key words] Hypoxia; Myocardial ischemic; Reperfusion injury

R AL P o U A 5 DL O ML A 9 5 5 L S5 4
RV RAE O G B3 KA 72 = RS 7
TR HEATASMIE PR B2 AR 15 R B 25 %, DLORIE 4]
HEZE L (H R v BE A S 23 in 2O L 3 S 0 L
REMKE S o JAT O LI P A L A A JUL 5 A 7]
SRl P S O UG o A8 i S A R R
A C JUL SR L P 3 103 40 P AT 38 3 D LA L 2
A — FR BN PEBiAE PEAR AL (AR 1 R B
B AT R P Sl S X000 JULT 2 gk i P 8 3
P03 A RZ I LA A 0t O U 55 P B T B AR AR
1 #M#REFE
1.1 B4 iR & FaX A

60 HAR o 140~180 g By MEME SD KL
TR s 2 e S 56 sl P O AR, R R el Y
(Vevo 2100), MW #L (DH-150) 14 H & K
VisualSonic 23 ] ; Langendorff J i R 55 . Z WA

SR 4 A S AL il A SEE BIOPAC 24
G A= a72L Ni O  2  R SR N P B AN S ]
LA R ) FLRR I U (LDHED 380550 & L LR
YRk ) T 8 (CK-MB) 3805 & B 3 -1 R AL T AT
R mIAI0 )
1.2 o

He 60 HSD K FRBALAE 73 S 52 56 20 A X 4
BEAL 30 s PHAR A TR R S50 S B PR S50 73 I A S
2 KRR AL BEALAF 50 0 b A MR S 36 4 L A R X R
A B URIZEG AN B R IR L A 15 Ko 4 R
SR 25 T [l B ARDRE S AR K L IR SR 28 d. SEB2H K
SRR 5 000 m 1 Sl ) i T AR AU CREAR =
e — M E BB M AR T AR N AR RAUE
54 kPa,%d 4% 11. 33 kPa, i fE 25 C., WM
HHRBEYOR. 5 3~4 dBRHNTURRE 1K =
A TR 3 000 ma if(a] 1 ho X HEZH R BUAE IE



[ PO L B A S 2020 4F 3 45 47 4255 2 i

Int J Cardiovasc Dis, Mar. 2020, Vol. 47, No. 2 « 99 .

AIRBTHIRSE,
1.3 MRk be o B 2 AL A

T LA U B U 4 JE R IL ATR 50 YK/ min,
WS 2 mL/ kg, WIFLHL 1 ¢ 2, &S & e M
55 3 RIRI B A 45 T B i o 440 2% 58 0 0 - 3 5]
tB 2 e AR B K I R S BT BT 5% 2 DI I ST 5
WELEIMAE E R AR 1~2 mm BB EEAT
g, g LG B I A S R X 6 A 1 1,
N EEHLIAE IEBO LA LBk, 0.5 h J5 5T k4%
LR IR WLEE0 I B I X 8 2 € B N
ARG STl ) N BN

TR 24 h 517 A O Bl G Bl S Sz B
J 3 R S 100 TU 453K i 5 mL
IS O LT o TS A8 o O O 4580 1L 3 PR
1.4 RESFHEEMNEKRKI ST

WERLHT 24 h JOE S 24 h B S E 2
B9(2 mL/kg) BRI B X K BRUPR B 9 [ 3 T 8h
FARE L RAEE @Y 13~24 MHz #75
F3k (MS250) K il A B0 2 (HR) L & 5K 31 2 7] f
JERE (IVS) W 3 == [R] B R B (TVSs) L &F 9k A 42
= )5 BEJE E (LVPWA) | i 45 ) /2 % 5 BE
(LVPWs) 22 % §F IfiL /3 %% (LVEF) | 25 % 45 55 /3 5%
(LVFS) £ &7 ik R AL (LVEDV) | /2 = I 4
KA B (LVESV), 8 ) 4 4 & (SV),
SV=LVEDV—LVESV,
1.5 MEBKRCEREERGER

4% Langendorff ¥ i 2 40 F1 2 D fig 4 B 5%
A B T R SRR A HE . 0] K-H b
A 95%0,.5%CO, {RASM,  K-H %) pH E
He¥F7E 7004 A A H OK-H B Wb vk & A
Langendorff i Z 45, FRE SD K. 3% K E
ZHN (2 mL/kg) I IR T R JG T 16 . 46 F B # ik
ST 100 TU JFZE46 )5 BUR.OBE, 76 4 C K-H &)
HH LB A% I TV H: 7E Langendorff i & 4t
H, DL 80 emHL O F I3 47 FE s bkt A5 HE . RO
SEBEIE W T 7 e B B FER 9 28 A5 O FEA ZE L
L RO BRI OK A2 = AT R W ) 4k
£ 4~10 mmHg,id 5% 0 N IE 28, FRo Bk
JE VDFE>200 W/ min FHFEFLE 20 min 5, 1l 580 IE
VEFLIROA L 500 pL HEVLRE T EP &L T
—80 CUKFIPALF AF IO MEE A . 30 min J5 4] FF
MAG AT FHEN: 4 10 min i05F — RO EWNE
73,60 min B 500 pL #E W WK T EP &, T
—80 CUKFATAAA RN FAEBR L E

1.6 AU TTC % & Fos PUik 5L & AR R4

TTC Y L 3. XF L El T R, RIE AN
0.5 em, BOWUE A 1% TTC &, 37 CHaR
RN 20 min, 10 % 25 B [E 5E 30 min J5HUH
WEAH . SRA Image] BRI & L O ILAESE AL =00 AL
A RERE T AR /O 2 WL T AR
1.7 LDH #e CK-MB & M40

HF MR A S HE bR A 3 000 %% /min 8.0
10 min, J_EVEWRAE R IIAE & . R4 A 341k
ARSI LDH F1 CK-MB 6P , B4R ™k 42 B 3t
FEAST I 5617
1.8 %t adr

K SPSS 17. 0 8k 1 gevt22 4 b » i A 4K
P& A B A 22 2R, 4 Kolmogorov-Smirnov D
R 960 BT 241 R 1E 25 43 A1 » 21 18] BE 55 SR FH ik S A AR
¢ R AN LU R OO FEAS ¢ 8 8%. P<<0. 05 &
EFBRIFE L,
2 R
2.1 MR RS EARS IEs fr B IE DG R
2. 1.1 FEURSCEG 25 A fARO6) BE 2 K R sl it P v
AT E A B G A b L P R T AE
sz 8 4 HR, LVESV # B 5K T 76 7K % 18 41
(P#<< 0. 05), IVSd. IVSs, LVPWd, LVPWs,
LVEF.LVFS.LVEDV .SV 8] 5 /N F7E {4 B 41
(P #J<C0. 05) , FEARSZIGZH FIAE AN B 20 28 b e 1.
FHEERE R RO REA ARG, R
S 4 B i FEEE Y )5 HR.IVSd, IVSs, LVPW,
LVPWs, LVEDV, LVESV ¥ & & [d #& B I
(P #J<20. 05),1fii LVEF,LVFS,SV 4 AR E T
[ (P <20, 05) 5 £8 A X B8 21 ffe 1fi, -8 73 4b 28 )5
HR.LVEDV., LVESV £ A 5] # B | FF, IVSs.
LVPWd,LVPWs,LVEF,LVFS,SV % Ifi, F- 7 1
FTHH B R (P 39<C0. 05) , il P8 1 5 FE AR 52
540 HR.IVSs.LVPWd,LVPWs,LVEF,LVFS
B R T 78 R X B4 (P ¥ << 0. 05), IVSd,
LVEDV. LVESV, SV #j B g /N F 78 {4 % B8 41
(P ¥<0.05), W1,
2.1. 2 FEIRSZIG A 5 A R 0T B A R B i P
05 5 O LR B T AR K I 375 o0 UL T 7K SF L 3%
TTC Yeta J5 n 0L 52 56 20 R B AILAE ZE 1o R ) R
ZHAH B 98 /0 [ (0. 0740, 02) % %f (0. 16 £0. 01) %,
P<<0.05]. LK 1, S5XF R4 AH . 525641 CK-MB
TEME B S  E [(176. 14 4+ 20. 82) TU/L X
(658. 834+74. 18)IU/L, P<C0. 05 ]; W21 LDH j& %



* 100 -

[ PO L A S 2020 4F 3 45 47 4255 2 )

Int J Cardiovasc Dis, Mar. 2020, Vol. 47, No. 2

To 45 it 2% 2 5 [(610. 86 £ 72. 20) TU/L %t
(574. 67£63. 35)IU/L7,

2.2 RMER AT B ARG IR e B B 69 %o
2.2.1 BRSSO BE 2 KBRS A R B
JI(IREERY R AR VNI =RINE WA WAk (= i 2 42 S A A 1 - =
i U afe ot P 3 4 U 0 = N R ) AR AR A
KEZEE K ETE (LVDP), &£ & & 7k K 3 & Ty
(LVEDP) 25 4k 1§ B, DA I f5e K M 48 3 % [ max
(dp/dv) ] e KEF 5K # [ min (dp/do) [ 21k,
MLV T U B AR S 56 2 LVDP IR F B 1A% 1]
4H (P $<<0. 05) . W21 LVEDP 2 RS I 4it2¢5=
S 5 3 e PR A AR S T A T s A ) R

2 LVDP P4 i P-4 12 5 R B LVEDP #4425 it
I P S BT TP #4920, 05) ; Bl il P 45 )5
BRSCR 2 LVDP B B i T Rk B 41, LVEDP
B A T B AR BB 2, (P #7<C0. 05), Bl 1f P08 v
TR B RS 56 20 B Wit o0s 28 Y JE 1 AR A P 1 1R
¥k max(dp/dt) .min(dp/dt) ¥4 0 B AR T35 A% BE 4
(P ¥4<20. 05) ; 2 Iy e 1 P v 0140 I s A S 5 4
R B AR IEZH max(dp/dt) .min(dp/do) ¥4 R [aIFE
FER R 25948 Goit 245 (P #4<20. 05) 5 il ifil P
FHMGG B R SE G 4 max(dp/dt) smin(dp/dt) 3
B2 T B A IR (P $45<20. 05), L3¢ 2,

®1 AAXREBRLOHEBRLR

5 TEAAT B (n = 15) TEARSZR A (n=15)
S it P A il PR S e 1t PV Sl It PR S
HR/¥K *» min™! 291.17£16.55 311. 00 % 1. 80D 317.00 = 14. 45 338. 71+ 11. 15@®
1VSd/mm 1.63+0. 08 1.63+0. 08 1.22+0. 48 1.57%0. 182>
IVSs/mm 2.69%0. 14 1.61+0.19M 1.91+0, 22 2.05%0, 220
LVPWd/mm 2.01£0.22 1.41£0. 760 1.25£0. 05® 1.74%0. 120
LVPWs/mm 3.22%0.31 1.99+0. 17V 1.85+0. 19V 2.36%0,240®
LVEF/% 81.45+2. 24 53.12+2. 80 70,94+ 2, 21M 61.26£2, 01>
LVFS/% 51.04 %2, 32 28.07 £1.90™ 40.68£2.03® 33.21£1. 5423
LVEDV/I_LL 149. 12+ 12. 80 221,91 %12, 80™ 130.21+£12. 160 135.37 £ 15, 74@®
LVESV/‘uL 27.41+3,.26 121. 92 £ 21, 49 39.51 %4, 29M 51,194, 82
SV/p.L 121.71 £ 11. 60 99. 99 £ 20, 76V 90. 70 £ 9. 44 84. 18 £ 11, 632
T« SR R L e I PR T B, 0 P<C0. 055 5 FE A B AL i i P T 5 LR, @ P<0. 055 5 ZE PRS2 30 4 fole Pl A2 i FL R, @ P<<
0. 05
0000
—
200006
R B XA O NUEFE X, F B e BREH L T B R e iR S g4
E1 AAKXKRBRLEETHRGEONTICEEER
F2 BMBEEIWNEWAXRBEEFOCEENERIEER
2% BARXT IR (n=15) BARSZIGAH (n=15)
- S it P A Sl P S Tt 11 -V VE T BRI FRHEVE JS
LVEDP/mmHg 8.92£0.93 56. 74 + 6. 04D 8.96£0.95 45,86t 4,832
LVDP/mmHg 80. 53 +8. 25 24,57£2,85M 72.64£8,32M 43,651 4,520

3989. 67 £ 402. 55
3985. 66 +400. 65

max(dp/dt) /mmHg « s™!
min(dp/dt) /mmHg « s~!

1045. 91 £ 107. 46
1032, 86 + 105. 75

2340. 96 + 241, 38V
2360. 58 £ 243, 94V

2043.51+211,58@®
1954, 77 £ 198, 442

5B PR HE AL BRIl R R LA, 0 P<0. 05 ; 55 R S50 4 BRI P T LA, @ P<0. 05 5B A BE 4L Bl PR S He s, © P<C0. 05



[ PO L B A S 2020 4F 3 45 47 4255 2 i

Int J Cardiovasc Dis, Mar. 2020, Vol. 47, No. 2 e 101 -

2.2.2  ESURSZIGAH 5 s pAO0T IR 2H 4 R RS A0
St ot PR P A 5 O IS AE T AR L LDH 35 P L 8K
TTC Yty n] US55 28 .0 (LA BE 1 AR 48 0] A 25 B
W/ [C0. 0840, 01) % X (0. 13+0. 02)%, P<<
0. 05 ]; 554 LDH JE-PER6T BRZH B B FEAIR[ (4. 00£
0. 3D IU/L %F(7. 3340. 99 TU/L, P<<0. 057,
3 itig

O WURE P ffe A0 2 8 A R 5 TR O o 8
SOOI TR B Jk ok A el L 0 B 0 LS JE 4
P9 B L [ g BR A P R L AR 02 M Bl R0 L)
o7 P B S AL X BB iRy B B R .

P P BN AT DL O L 40 8 2T 4 45 0 &
AR RO WLEE A8 KO I 46 D RE R B, a8 T
VIR T 0045 56 A 0 ol o » I 2 PN B2 40 4 3 il
Jili Bl ik e 7 T S B0 O 3 v s 51 A P B A
KM UG . O LR B A A AR S L, B A T
Foo UL I To3E . (5L DLAN I A AR 1 B 3RS
N BB S RE 75 AT AE N IR S T AR 20 LA MY A7
T ZERE O LA i i PR A7 O IE D) BB, 1986 4F,
Murry %515 U H P8 P i SR oy O L — o o
() A FRIE IV RE 7 - SR 42 79T 4 B AT 5B ke af A e o P
VR0 S X O L B A 05 . B AR UL
YA = A — RGN Z5 4 T RE A AR AL . BRGSO AL
X B AR T B O LB ZE X ZE T REAS R = 1
DR W2 117, WF9E & B 18 B R T
TN P9 Rz A= TR 1 36 58 S b A 85 L 12 v 0
WLZH 2t 1 K% fi o G B {00 UL e KRR B AL A
BRAT . A ST B 1 i A O UL
90 T 5 AR S K T 1 5 1 384 o 2 4 R
NG TR A s Peng 262 B 5E 2 BEL L 18 M B4R
KWL T A AP IRT-E E Bel-2 (3
5 FRARAR T8 11 Bax 19235 K, 400441 ke 1 7
VA RO UL T, L 2 FGE L
il A8 Pk i AR iR O AL A0 BT 52 7 8 ) A

PR T B R DS e ot o0 AL A AL VAR S B8 R0
JUL o (L) B 32T 5 Jl AN R 306 2 %) BRI 45 . R AR
FE B 1] 114 dfe i, P 3 0 405 2 3 50 WL A L A
T M IIRERE A 5T BRI P T 403 405 AL o 4o Ok
AU LB A5 o A ARG e iy 0 R 1 & A TR
o FRETES 0 HARPL ] v AR BB L AR 22 A
g H T e A A I R R T fE S S O L
RIS R AR M I AT R o L AT B T R
BRI HF ST I e PR T A B AR PR
ZZU80 O LA B 1) A 0 T 5 ) A2 B B IR, 2 D

REAZ SN0 AR R (0 iRt 2 B E T IR

SECC LA S BE S, 10 L . R ik

NP 3 43 T ol Zheobr A B RE A2 43 At L 6, 3R 44k

RS MESZ 0 S0 d SR gt e B0 LR

Jil = BRI IR CATP) s /b, FRRE T I T4 A

F S 1 4 430 BELAS 10 UL 440 4 1 8 2 Ak 1) it

RV U A T 0 JULTR 32 8 7 R AR o DA TG 3 B2 4

JLA5 5
i A I Bt o P90 2 400 007 LA L » R 3 ik ot

FEREAEE O I B8 5 28 B e IR Bl Bk AR AR (451

PEER T 6 AR Bl K 55 6 A% AR S5 35 R A T A AR i

TR e B AR B R . W AR MG 35 R O

JIE TP AR A5 9k A ko A Y ) k- A S R A Y

TR AR PR A7 o PR A AT AR, PR, A

WFFESr BIRINE T R BUTE A L 2 (AR Sk o 5 T 408 1 85

R BT B o A8 1 e A T Ak 2L i e AL PR U

P05 O LA B T RR D8 20 o0 T BB 03 » DA T 9 20 o0

JULEH A S5t 0P8 3 I R 453 4 00 UL 200 i Ty

BTG A8, WFFE B PR U I 48000 T B sy 7 2

B4 R S AR B 22, 6t JUL ) 5 A L K 5 IR 4R O3

RSN 4 SRR o N R W o 2 e W= =2 B

025 v A M T ST T O e o (S SRR S Tl 2 A

AR T I 0 o R FRATTON SR AU AR R e P

J5 O VR 5 72 i TR UIR S T 480 B el BE 2R i

D AB AP R i B 5 3 i v R B A

BT

5 X X W

(1] FEEE Seideo MR AR 0T ], O 8 2 3 i . 2016,
37(4) :395-400.

[2] Weiwei C, Runlin G, Lisheng L, et al. Outline of the report
on cardiovascular diseases in China, 2014[J]. Eur Heart J
Suppl, 2016, 18(Suppl F):F2-F11.

(3] WV, kA, tRAIET, S5 (R4S R4 HI P PR 1 5 2 at
RO R LT AN B MR AR, 2003, 19
(5):46-49.

[4] Yang J, Yin HS, Cao YJ, et al. Arctigenin attenuates
ischemia/reperfusion induced ventricular arrhythmias by
decreasing oxidative stress in rats[J]. Cell Physiol Biochem,
2018, 49(2):728-742.

(5] RS, WIS, NSRS G LR AT . AR
PE2h, 2014, 41(54):98-100.

[ 6] Murry CE, Jennings RB, Reimer KA. Preconditioning with
ischemia: a delay of lethal cell injury in ischemic myocardium
[J]. Circulation, 1986, 74(5):1124-1136.

[7] Kolar F, Ostdadal B. Molecular mechanisms of cardiac

protection by adaptation to chronic hypoxia[ J]. Physiol Res,
2004, 53(Suppl 1) : S3-S13.



(8]

[9]

[10]

[11]

[12]

[13]

[14]

102

[ PO L A S 2020 4F 3 45 47 4255 2 )

Int J Cardiovasc Dis, Mar. 2020, Vol. 47, No. 2

Tepp K, Puurand M, Timohhina N, et al. Changes in the
mitochondrial function and in the efficiency of energy transfer
pathways during cardiomyocyte aging[ ] ]. Mol Cell Biochem,
2017, 432(1/2):141-158.

Lee SH, Wolf PL, Escudero R, et al. Early expression of
angiogenesis
infarction[ J]. N Engl ] Med, 2000, 342(9) :626-633.
FARESL, Z2)1, Bk, 25 EPO X8 1 B 400 JILAN B 28 4 4
AR WL 8= ERES¥M, 2013, 35(12):
1192-1196.

PR . FERH. O LS M B S N Y B ST R LT . PRI
2, 2015, 27(3):321-322.

Peng X, Shao J, Shen Y, et al. FATI10 protects cardiac
myocytes against apoptosis[ J]. ] Mol Cell Cardiol, 2013,
59.1-10.

WO, HEUKIE. . A AN AN i i P R L
mfR e A LT ] P EEE E AR 2. 2017, 31(6):
751-754.

Song E, Ramos SV, Huang X, et al.

derived siderophores increase mitochondrial ROS and impair

factors in acute myocardial ischemia and

Holo-lipocalin-2-

oxidative phosphorylation in rat cardiomyocytes[ ] ]. Proc
Natl Acad Sci U S A, 2018, 115(7):1576-1581.

[15]

[16]

[17]

(18]

[19]

[20]

Hausenloy DJ, Yellon DM. Targeting myocardial reperfusion
injury—the search continues[ J]. N Engl ] Med, 2015, 373
(11):1073-1075.
WAL, B oY ATRHE. O LI I T8 3 540 5 0 L ER 37
(I, HEEEF], 2016, 51(11):23-26.
7, 55 MR, MRS 1 7E.0 LB - P 1 4
B e LI ot gk e L], AR B RE A=k g, 2017, 5
(5):347-351.
FEIRE, RN, A8, O LG 0P T 40045 114 S R WL K
AR L), R EE 2 F 4. 2016, 13(29):37-40.
Tverskaya MS, Gankovskaya 1.V, Sukhoparova VV, et al.
Effect of natural cytokine complex on the structure and
metabolism of the cardiac conduction system in the
myocardium under normally and increased hemodynamic load
[J]. Bull Exp Biol Med, 2018, 164(6):716-720.
Sano HI, Toki T, Naito Y, et al. Developmental changes in
the balance of glycolytic ATP production and oxidative
phosphorylation in ventricular cells: a simulation study[J]. J
Theor Biol, 2017, 419.269-277.

Ok A5:2019-04-09  #-=1:2020-01-09)

CARSC 5 - W1 e

TErER BERE

EICCER RN




