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[ Abstract] Objective  To explore any effect of aerobic exercise on cardiac energy metabolism and mitochon-
drial respiration after myocardial infarction. Methods Forty-five Sprague-Dawley rats were randomly divided into a
sham operation group, a heart failure control group and a heart failure exercise group. Myocardial infarction was in-
duced in the heart failure groups using coronary artery ligation. Four weeks after the successful modeling, the heart
failure exercise group underwent 8 weeks of aerobic treadmill exercise. The cardiac function and exercise ability of all
of the rats were then observed using echocardiography and the incremental treadmill exercise test. Myocardial creatine
phosphate (PCr) and adenosine triphosphate ( ATP) were measured by magnetic resonance spectroscopy, and the re-
spiratory function of the myocardial mitochondria was evaluated by using cell respirometry. Results Compared with
the sham operation group, the average PCr content, PCr/ATP ratio, oxygen consumption of mitochondrial respiratory
chain complexes I and II, left ventricular shortening fraction (FS) and ejection fraction ( EF), maximum running
speed, exhaustion distance and exhaustion time in the incremental treadmill exercise test were all significantly worse
in the heart failure control group. Moreover, the average ATP content, complex I oxygen consumption, left ventricular
FS and EF, and the maximum running speed, exhaustion distance and exhaustion time in incremental treadmill exer-
cise of the heart failure exercise group were all superior to those of the heart failure control group.However,no signifi-
cant differences were observed in the average PCr/ATP ratio between the heart failure exercise and control groups.
Conclusions Regular aerobic exercise can improve cardiac performance after chronic heart failure, at least in rats.

The mechanism may be related to increased levels of myocardial ATP and better mitochondrial complex I functioning.
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The PCr/ATP ratio may not be a suitable biomarker for evaluating the benefits of exercise for the heart.

Aerobic exercise;  Myocardial infarction;

[ Key words)

drial respiration

DOI:10.3760/ cma.j.issn.0254-1424.2022.10.002

O 7S Uy (TRTFRAC 3 ) 2 45 Tl JUE 5 1 2K B
B, AR T R SR 1 B B SZ 00 T I T A2 A A
TR, o DR 26 PR = A 4% W 10 FRIME | K i Je = T
SR hEEAR Sl Bk 51 R 1 O ILATE B S 1 0 T
OV AR CE UL R A O A X IR A B T AR
W5 25 30% 10 NUSSE R B ZERIIZ S 1 AF AL T0
. REHRKGTREE — B FlE.o =i
T (R 75 Bk 0 oA I R AR kR
UESE 7 328 Bl 7 00 3 JR 8 By O i B LA AR A
FH s WA 2 2l RE A ) O E 2 9, s O LA AT
L EIIRE SOER B KGN, A B T4 = iR H s g e
FA s o SR 56 T8 sh el O 45 4 I T g
(A= W= ML i AN B T, R I 0 3 BB 3 1 38 B B
AL TT (BF5IE sham iR AR ) ARG —

O WLAH MR e R R Eh A2 PRI O WL e
WA LEERTEE . AHOCIRRAE O = R S
O AN RE B AR 32 1 L bk T R e i 561 i
SRR ST F-HLH 6 A B B AT LA 2 2 , O ILZoks
TRTIRE 5 0 2 40 M = Re IR R & & P ey R
U JUUBAER LR ( phosphocreatine , PCr) 5 = fig
JE4F (adenosine triphosphate , ATP ) FL{E ( PCr/ATP) T
R 5.0 RO TN RE A PR VIR OGO HLJZ O 487
TR AET AR U S R AR R D U A 1
XF RN T U3 SR AL DL S AR 16 7 SR RS
BAHREE X, IR (magnetic resonance spec-
troscopy , MRS ) J& A 2H 7 iy J BEAF 5% 5 i s X T8k
DIERAE B C'P)-MRS A F A O LA AL B R 1k
iR AR ) PCr B ATP DT BEA
FHP'P-MRS F1 s {5 LA A I WA 0 F8 v Affy Sz W 8 I
L HLAR LA D REAS O, R B B F itk — 20 T ff0 5
Ae AU E S TS ZE AL . 2 T O A B ST AURT He o
IR 5 5 (18 P 0 o K B AT 8 Al A iz 8 110t
FFR P P-MRS FlJi 57 7 AR W W 03X 7 7 L8 X
B I B Tt A 3 B Ze b A I 1K ) R P 5

mE S A%

— LI B ) SR AL I A

HEHL 3 H i8I Sprague-Dawley (SD) KR 45 H,
PR (210£15) g, 432837, A HPOKER B, & i (24 +

2)C , MHXHEE 40% ~ 60%,12 h/12 h BR L, B
30 HUS2ES KRR IT 2R 45 FL A2 5 IR 3l ik s 9 =2 0 v 4%

Heart failure;

Energy metabolism;  Mitochon-

HA 2O WIS AR BRGNS R 1% )%
[ bl 22 845 40 mg/ kg 1A R MG IV SRR B K R, 3
e W PR A I T 225 3 4 W RIS 78 S 22
D EARTBALE FH 0 5 22 2 45 FL 22 R 3h Bk i j4 =2, o0
HL I 20 7R QRS P98 K HE (ST Bt W Bl it
0.2 mV WAL, RIGHELE3 d 4 T HEHR
PRI AT e . 4x 15 KR4 TRFARIGTT,
BP R M (EORZEFL AR 2 ik, FHEAR AL B 5 2otk o AL
FEFEAARL R SAH A

ARG 4 JEE 2R U FEA A K BT 26 H B
FARKEBAE 14 K, A KBS 3T SO ) KR
I A4 555 10053 K <409 1 48 PR O S i B i S A e, 3
A 2 HRBEATFGIZARE, B A ZE 18P0 KR
A 24 Ho RIBENLE SR P4 H A3 .0 5 X BRZE N
OB, A 12 H B ERTFARRRAABTARA,
A 14 HRE, fEfagesesnnd &, T EAMET:
EH60 S S R 0 B 4 HOR R, BRI AR A 0o it ]
s s H AR 13 A 11 A
10 2,

— KBz e 5z s E#HT

TARE 4 AL KRR Sk 48 h J5 F1) 13 3 1 £
M B SR e K Rz shaE o, BRIy ik R
WHEMHAERIGZE MmN 5 m/min, 2 min ¥4
1.5 m/min, B2 KB (BEEE 0°) , 10 &K BT v I
] 7oy R e DL R f i — 87 A Xof I 1) B RPY e
Bk) . srd)E O s S A KRG T A A S U2,
BB 5R EE R 60% i e B, BB W 0°, B kGE B
B 40 min, B2 3 4 W FFE T8 i, BT
2H Kot 3 %) BRZH R FRUZ B[R] 4 O R k70

= R B IEZE A8 K D REAG A

TG 4 AL KR WGZ SR J7 i E 453K 48 h J5
K Visualsonics Vevo770 %l /Ngl ¥y i 75 K A% R 42
PG R B IESE A8 R BB L o S50 K Rl 28 16 s JRR I
Je AV RMSE B R BN 55 A0 & R U I A T I 3
MS-250 BUHE P Sk, BRI 30 MH, [ 76 SR £k
UREE 12.7 mm >R AL VIVO STRAIN K {42817 5045
O3B o ELAARKS I 48 AR A 4 A2 0 F AT IR R B4R (left
ventricular end-diastolic diameter, LVEDD) 25,0y 2= U 45
AR N 4 (left ventricular end-systolic diameter,
LVESD) 45 %5 434 ( fractional shortening, FS) A & IfiL 53
% (ejection fraction, EF) 4§,



TP AR R A4 5 AT 4R 2022 4F 10 15 44 %55 10 ] Chin J Phys Med Rehabil, October 2022, Vol. 44, No.10 « 875 -

DY KB LR AR g

TR oA 5 RIS, T PR e 45 & R BRI i 3k 4b
e , IS O AR H 54 78 22 T8 1O A F i
P i FAFFEIX UL B0 = WLBS i, JIA 2 f5 AR
1) 40% = AR , ) K 5 250 (9000 rpm) 20 min, HU 1
THW ] E B AL (10 mmol/L) WP I8 pH &
7.5, 250> (9000 rpm) 20 min J B F 15 W I A F)
Chelex-100 BT 22kt [ b K A3 e 5 B 42 B %
WHAZES mm WG, RO ®E 141 T
(600 MHz) [1) 48 5 # 3 9% 3 i 1% ( DRX600, 32
BrukerZy &) Ml P I3 JREL ATP  PCr K TCHLBER
(inorganic phosphate , Pi) ff1 £k , i 2 I 12 45 4 o ) 0 T
T AR R TR A B (%) a3 A 45 AR P 4 G A+
i R PCr/ATP HUE,

TR RO LR AR PR 1) S

B H AR FE 50~ 100 mg DAL Z, & T 1 12
A b, 380 BY R JE R AR I 7 20 min, 2841
LSRG R 223 B0k Ay B 4ok, 55 L) 2000 rpm
B 5 min,EXJ:i%aﬁu 10000 rpm B 10 min,ﬁ]:
T8 5 B ULTE DU AE A R 77, R IR R 2 R
Bradford ¥,

SR FH B 40 - it AR B - 000 o1 750 378 S 325 ARG 0] 288 A 1 I i
ifie, F 300 pg SRR B I A B FE 5> Oxy-
graph-2K Y55 4 HER A1 A 07 I 3000 S0 2 g A P, B
5min J5 R E, EEA B8R IR TT (adenosine
diphosphate , ADP ) i% =& [ 1% & &, SR FH A4 2 R (G,
10 mmol/L) FISEHMR (M, 2 mmol/L) S E &4k 1 I
Wit (CL, ) s ZRJE A 5 mmol/L ADP A5 & & 4
TR FR K BE T ( Clogpnos ) » ZJE FHATA 10 mmol/L
BRHIR VS T ok E AL IR AL R N, BV Ak T A &
W B ARIFRAE N[ (C T +C ) gyppos J o FRIZE
B ZRN — 50 SR IR B i AU i e 1 e e A
B, F1% 3% R 5t (electron transport system, ETS) A% fix K
AP B (CT+CT) yo ], LA 0.5 wmol/L i
Pl Je RO A2 A A T AR B E IR T RE (C T ) o B3R
FE BRI LA 8 B (pmol/s/mg) o

N GTE T

AWFFE SR EE L (2+s) Fs , 2K SPSS 20.0

RRGETE A 3R R AT 4000 23 B, 2L 18] USRS R
F7 753 H7 (one-way analysis of variance, ANOVA) |, Z 5
PR H e/ i 35 2% 5 7 (least-significant difference,
LSD) ,P<0.05 Fn 2 BA G+ X,

# R

— B HH K B S B A LA

SRR ZE R LGB L (P>
0.05) . ST AL, LExf B St iz 320K
e JFE JBT 8 | o U JBiT /A S L 24 B S BG m (P <
0.05) ;5.0 X BRAT b, o0 3242 3l 21 K RR0 I o
Kot ot/ AR LU A A BG g #  BL40 W) 22 S o4t i
FREX(P>0.05) . HAAEHE LR 1,

£ FH 5 42K BT Lk B ()

; DUERE DI/ E
2159 R & (g) (%) HofE (mey/e)
BFARAH 13 347.6+25.5 0.96+0.11 2.83+0.46
DN R 2H 11 321.7+43.2 1.25+0.26 3.91+0.53"
DA 10 319.8+38.6 1.29+0.31°  4.08+0.50"

H5BEFARA LI, *P<0.05; 5.0 54 R4 L, P<0.05

TSR RO LA S T RE LB

H5E\RFARA R, OFX Y4 LVEDD & LVESD
IS (P<0.05), FS M EF 18] 5§ [&{% (P<
0.05) ,.0 iz sh4l LVEDD M LVESD #) & Z 1 n ( P<
0.05); 5.0 =X A A, L =iz g4 LVEDD I
LVESD /M HA B 25 L5 it E X (P>
0.05) ,FS M EF W & 2 F+ 7% ( P<0.05) . EAAR%HE WL
*2,

= SRR

S RFARL g, O3 B L A BTy B st ) | o
PR BSR4 0, e B B R R R (P<0.05) 5 50
TN IR L, 0 3 a8 S 2 R R s s T] | ot B 5 %
Tt ey LY 2 BN (P<0.05 ), ELAREE WL 3,

P9 A5 2H K B WLRE A i L

SFARA R, DX IRYL ATP &80 B FH2
f6.(P>0.05) , PCr & & K PCr/ATP Fb 8 A & T %
(P<0.05) ; 503X B i, DIz shd] ATP & i
W i T+ (P<0.05) ,PCr &/ & PCr/ATP HUAEY TG i
EA(P>0.05) . HAREHEILFE 4,

®2 BUERRUCELH S INHE L (x2s)

20 5] g LVEDD( mm) LVESD(mm) FS(%) EF(%)
e FARH 13 7.13x1.12 3.65+0.77 43.2+5.7 81.2+10.3
DT B 11 10.60+2.01° 9.77+1.32° 19.1+4.3 35.7+6.1°
DB 10 9.87+1.89* 8.76+1.20° 38.1£5.0 62.6+8.8"

SR TPARA I, P<0.05; 5.0 5% A L #, P P<0.05



- 876 - HpAE Y R 22 5 B A2 2 2022 4F 10 A %45 44 55 1039 Chin J Phys Med Rehabil, October 2022, Vol. 44, No.10

R3I SUKRMIZENRET L (x4s)

o513 FU J13 S [E] J1vg B B B
('min) (m) (m/min)
BFARH 13 34.7+3.9 511.2+71.5 29.2+4.5
LN B 11 14.3£2.9°  287.3x41.1*  15.6+3.3*
DB B 10 31.2+4.4"  467.9+68.9"  25.1+59"
ST ARA LA, 2 P<0.05 ; 5.0 50 IR 104, P P<0.05

R4 SURBCIIRE AT I L (xs)

it HE ATP(%) PCH(%) PCLFé %TP
BRFARH 13 0.43+0.13 0.07+0.03 0.16+0.06
LR RRZH 11 0.39+0.16 0.02+0.01*  0.05+0.03*
DB AL 10 0.67£0.15"  0.03+£0.01*°  0.04+0.02*

T SEFARALE,*P<0.05; 5030 A4 HE > P<0.05

AR OO LZRLAR T I Ty RE 4%

SR F AL oA, 03 BEZH RO L4 Bt £k
12[3 cl leak NG | oxpnosx(c [+ClI )OXPIIOS\(C [+CI )ETS
M CI I B TR (P<0.05) ; 5.0 3% 4 F i,
DIEB I C 1 gppos A THE (P<0.05) , HABZSEFY
TREZMH(P>0.05) , HEEHEILES,

i#

AWF R, DX AL PCr & i PCr/ATP b
18 BRI A A T 1 I AFE R e B4
SIEL(FS) RS I 53 B (EF ) 3383 67 i 52 50 e oy Pk
73 vy B 5 A0 s s [RS4SR TF AR LK (P<0.05) 5
MO isshdl ATP & B | FeE & A 0= FS
Ko EF 33 338 07 g 2 56 S e ek | ot B B % ) vl sk (]
0 T IR B R i3 (P<0.05) ,{H PCr/ATP [
HIGRELIL(P>0.05), kg REHMAS Hiz
shfgelcE e e 5l K RO IR RE B B Tk
L DI RE Mz shBE Ty 35

S 58 & BT, WA iz Bh xbao IE B A 25 4k
Zhang %5 BT ARGE , A 48z S g O U BE K B
DR ¥ B SRODIRE, AR O iz g A KRR &
S Mz dl)a , M ki /R 220 % FS ) EF 8
A SR TR, 3 444 £ far i S S v Ty uB e R] | v R S R
e e AT O S B, s e O R KRR AR AR
I B RN O I RE Ias Sh g TR, AN
WFFEIAR BB, 00 3 X6 I R B0 I B 2 00 U i /4

H A . LVEDD 2 LVESD ¥4 i 3 i, 4875 Fo0o ik
B EE AR 0 3 i s A B R bR 50 X IR 4
)22 I LG EE L (P>0.05) R A Rz shBEiA
U I BRI 2 7Y o B A G g A M I R
AR SR 300 H 32 30 B A IR RS

FHOC B S 95 K i PR 58 491IE 5%, PCr/ATP LHAE
AVERIEAN O LTI RE R B A AR &Y Perseg-
hin 5L B KM L IR 932 8 5t PCr/ATP
LU A3 v 5 0 IR T 5K T e 3 8 25 DD AH G, PR a4
FUHEIZ 2l [ R BE 52 im0 1 R B0 L PCr/ATP LU AL
SRMAWT ST LIz sh H K Z 8 Mz 3 )5 , Jf R
WELE] PCr/ATP HUAEWI B Tbeg . SAHFFEA R,
A 2 WG RBEHLX BRI TR 52> 0 I B 4
Ras By ml v 45 5 B A 3l R 0 D) g A 1 s {H PCy/
ATP HAE T PO | HEiz i J 0 = KRG
DieekE AR O ERE 2R A8k g kS, BRI PCr/ATP
LU AH AT REAS A2 IPAN 2 S SR fe i O D eI A2 i H AR
YbrEY) .

LR b th Z AR T 57506 i DUt
JH iR 2204 — A% 1 PR ( nicotinamide adenine dinucleotide,
NADH) ¥ 7% 2= il Q , 72 AL WERR L & ATP 5 iiid
IR IR, AR, s KR
8 A Az sl Jm , FoD WL RIR E A1k 1 FE4A i
SEEEBEIN, HEMLOWLATHE ATP KT RE S 2 A1k
| NGRS W2 AL N R A (S b S SN 1
WA —FhG B ATP BB #2802 PCr B = e w iR
HEIFFERL 2 —WEIR I T (adenosine diphosphate , ADP) |
A ATP, BRGNS PCr & ATP 1 RE f 770 2
IR BE A T AR T AE AR R S8 R, e LR B
Jiff ( creatine kinase , CK) 52 ¢ B B ) [7] Tl 22 — | At
e RERE IR Bt (e ATP Fl PCr Z ()5 #6172 ki fAk
CK ( mitochondrial CK, mtCK) Fl L5 £F 4 CK ( myofi-
brillar CK, mmCK) fE M2 mh R 50, fiefe dF ML iy PCr
] ATP ¥4k, LA4E+F ATP & EFE, ATP A5
miCK ,mmCK & 1 22 [A] A AR A R A v] R 2 200 R
Bl PCr ¥EM I E 2R 22— ARBFIT S R R, B
A ABIIFARRE O R EOILATP 5 PCr & 4
ARAS, MRS T ATP &, ARG SOk E ™,

£S5 AUREONERLANIE TIHE AL (pmol/s/mg, 2+s)

21 51 HE CT CT oxpros (CT+CID) oxpuos (CT+CID) g CIl s
BFARAH 13 35.5+4.3 15.2+2.6 265.1+£61.0 211.5+£51.3 19.8+3.1
L IEXT HR 11 16.3+3.0° 9.7+1.4% 153.6+£41.9° 126.2+36.8* 8.7£1.9*
DEIB A 10 18.5+3.8" 21.5+4.3% 171.2+51.8* 137.8+41.1° 10.2+2.0°

0 I TFARE B, *P<0.05; 5.0 % B4H i, P<0.05



TP AR R A4 5 AT 4R 2022 4F 10 15 44 %55 10 ] Chin J Phys Med Rehabil, October 2022, Vol. 44, No.10

- 877 -

OFERRG AL CK BTG ME &R F %, Kemi %70 BF5E 4
B SR KRS 12 Bz s T Fi)E , B mmCK 36 P
FHEIHRE ZIEH K- (SBRFARATLT R EE2ZE),
T mtCK 3% PR & A s, M4 Kemi 250 HR3E
FIGEAARMFFLE RN, REA Fiz sl 508 KR
DAL ATP & B3, {2 mtCK T RE & 15 7] fig 2 5 3%
PCr TG g E R L I E R A

25 LTk A Sz 3l RE 2 ol O WLREBE 175
SRS ML K BB RLL T RE Kz e, HOaa Pl
AT BES BV L ATP AKSF R kiR B AR T 361
£ 5 Rl I8 & B PCr/ATP FOAE A T 150 18] - Jc B i
Al IRIIA N PCr/ATP HU(H AT BEAIE &1E A Al iz
SISO A T WA AE bR B . R SRR
ANRER T2 I LR AR A W2 U | DA atE— 2548 7
H Rz shxb o NLBE AR B R i AL

2 % x #t

[1] Roger VL. Epidemiology of heart failure: acontemporary perspective
[J].Circ Res,2021,128(10) ; 1421-1434.DOI; 10.1161/CIRCRE-
SAHA.121.318172.

[2] Jenca D,Melenovsky V,Stehlik J, et al. Heart failure after myocardial
infarction : incidence and predictors[ J].ESC Heart Fail,2021,8(1):
222-237.DOI;:10.1002/ehf2.13144.

[3] Vasan RS,Enserro DM, Beiser AS, et al.Lifetime risk of heart failure
among participants in the Framingham study[ J].J Am Coll Cardiol,
2022,79(3) :250-263.D01:10.1016/j.jacc.2021.10.043.

[4] Moradi M, Daneshi F,Behzadmehr R, et al.Quality of life of chronic
heart failure patients;a systematic review and meta-analysis[ J].Heart
Fail Rev, 2020, 25 ( 6): 993-1006. DOI. 10. 1007/510741-10019-
09890-2.

[5] Patti A,Merlo L, Ambrosetti M, et al.Exercise-based cardiac rehabili-
tation programs in heart failure patients[ J|.Heart Fail Clin,2021,17
(2):263-271.D01:10.1016/j.hfc.2021.01.007.

[6] LiuJ, Wang C, Murakami Y, et al. Mitochondrial ATPase and high-
energy phosphates in failing hearts [ J ]. Am J Physiol Heart Circ
Physiol ,2001, 281 ( 3) : H1319-1326. DOI; 10. 1152/ajpheart. 2001.
281.3.H1319.

[7] Ranjbarvaziri S, Kooiker KB, Ellenberger M, et al. Altered cardiac
energetics and mitochondrial dysfunction in hypertrophic cardiomyopa-
thy[ J]. Circulation, 2021, 144 (21) ; 1714-1731.DOI; 10. 1161/CIR-
CULATIONAHA.121.053575.

[8] Neubauer S,Horn M, Cramer M, et al. Myocardial phosphocreatine-to-
ATP ratio is a predictor of mortality in patients with dilated cardio-

myopathy[ J].Circulation, 1997,96(7) :2190-2196.DOI; 10.1161/01.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

¢ir.96.7.2190.

Dellegrottaglie S, Scatteia A, Pascale CE, et al. Evaluation of cardiac
metabolism by magnetic resonance spectroscopy in heart failure[ J].
Heart Fail Clin,2019,15(3) :421-433.DOI;10.1016/j.hfc.2019.02.
010.

KRB AR B, O, 45 S Sh R R e i A R R B
D REFEIARBLEI[J]. b = H R T REBEIT, 2022, 26 (14) : 2231-
2237.D0I1:10.12307,/2022.488.

Zhang J,Huang C,Meng X, et al.Effects of different exercise interven-
tions on cardiac function in rats with myocardial infarction[ J].Heart
Lung Cire,2021,30(5) :773-780.DOI:10.1016/j.hlc.2020.08.004.
Domenech-Ximenos B, Garza MS, Prat-Gonzdlez S, et al.Exercise-in-
duced cardio-pulmonary remodelling in endurance athletes: not only
the heart adapts[ J].Eur J Prev Cardiol ,2020,27(6) :651-659.DOI
10.1177/2047487319868545.

Ten Hove M, Neubauer S.MR spectroscopy in heart failure-clinical and
experimental findings[ J].Heart Fail Rev,2007,12(1) ;48-57.DOI;
10.1007/510741-10007-9003-8.

Perseghin G,De Cobelli I, Esposito A, et al.Left ventricular function
and energy metabolism in middle-aged men undergoing long-lasting
sustained aerobic oxidative training[ J].Heart,2009,95(8) ;630-635.
DOI:10.1136/hrt.2008.154716.

Beer M, Wagner D, Myers ], et al.Effects of exercise training on myo-
cardial energy metabolism and ventricular function assessed by quanti-
tative phosphorus-31 magnetic resonance spectroscopy and magnetic
resonance imaging in dilated cardiomyopathy[J].J Am Coll Cardiol,
2008,51(19) :1883-1891.DO0I:10.1016/j.jacc.2007.09.075.
Holloway CJ, Dass S, Suttie JJ, et al.Exercise training in dilated car-
diomyopathy improves rest and stress cardiac function without changes
in cardiac high energy phosphate metabolism [ J]. Heart, 2012, 98
(14) :1083-1090.DOI:10.1136/heartjnl-2012-302145.

Mela-Riker LM, Bukoski RD. Regulation of mitochondrial activity in
cardiac cells [ J ]. Annu Rev Physiol, 1985, 47, 645-663. DOI; 10.
1146/ annurev.ph.47.030185.003241.

Keceli G, Gupta A, Sourdon J, et al. Mitochondrial creatine kinase at-
tenuates pathologic remodeling in heart failure[ J ].Circ Res, 2022,
130(5) :741-759.D0OI:10.1161/CIRCRESAHA.121.3196438.

Lygate CA, Fischer A, Sebag-Montefiore L, et al.The creatine kinase
energy transport system in the failing mouse heart[ J].J Mol Cell Car-
diol,2007,42(6) :1129-1136.DOI:10.1016/].yjmce.2007.03.899.
Kemi OJ,Hgydal MA ,Haram PM et al.Exercise training restores aero-
bic capacity and energy transfer systems in heart failure treated with
losartan[ J ] .Cardiovasc Res,2007,76(1) :91-99.DOI:10.1016/j.car-
diores.2007.06.008.

(&0 H 1 .2022-07-25)
(AR5 )



