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fis ¢ & f€ # % PGC—1 o . NRF-1, miTFA mRNA % & & Il

XEE T 2, FLEE
(LIATHREHKF, T KM 110847;2. 57 FHEHRFMBER,ITT WA 110032)

WE. B8 5ELT OB 47 2l iz 5 IR AN B 7E o o 3t JUAE 58 JE 1% 1 S & (chronic heart
failure, CHF ) K 5 MLE $2 ik 48 KA PGC—1 o . NRF—1, mtTFA mRNA o & G ik 9% vh, Fik MA80 R
1 AR P, LRI 20 R KR, MEA T O3B, A KR ZLIERAT A ABX R E RIS
FR B AR 60 R KA AN A b2 192 BAER KT IRLE, P22 (92 g kg ' - d ). E
B(1.5mg kg +d"),ER T AABRLLY, T O BA BEASBAT AT ETHLE TR, NHAXEATETL
L HB 1R TAER A28 A5, @ B 0% B & ( ELISA el K R 418 o d ATP ADP NT—proBNP iK% ;
SRR B R R EF PCR A= 92 & & PP 3% % ( Western blot ) 4] K S8 LZE LR P PGC—1 o . NRF—1, mtTFA mRNA
FEOEE S, R S5 GBaki, o RAEA B P mEAK R ATPREN E FTHE, ADP. NT—
proBNP # % B & (P<0.01 ); HAEA st R LA b 45, F 254040 25 20 K R ATP & ik 7+, ADP. NT—proBNP & ik
TH(P<0.05), 5= Rabin, o ZEAMFRA PHA HHARKAMPGC—1a, NRF-1, mtTFA mRNA
Fo i & K KA, N 2 0 89 2 R A %t FEL(P<0.05); SRR TR E, b 245 2540 K R PGC—
1o \NRF—1.mtTFA mRNA f=%& & £k K-FH 3, LA R W84 £ F 39 A 4t &L (P<0.05), Phia5 /e
ATP, ADP, NT—proBNP & E VA Z PGC—1 a .\ NRF—1, mtTFA mRNA Fo%& & F kR -F LW R £ 7, 4010 £ 5+ 4%
HFEL(P>0.05), & ANEE LG THEFCHE S FERXRSIEPGC—1 a . NRF-1, mtTFA mRNA # % ik
iR 423 PGC—1a . NRE—1, mtTFA & & 42 ¥ v, M 38 I 25 45 AR 64 2 ms e ATP = 4k, 2t L 2m fL 69 A 24X,
WA R E e B R,

KR S B4k Bk AN E R Ty RS K AR R PGC—1 o ; NRF—1; mtTFA
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Effect Exploration of Bushen Huoxue Decoction (%575 1fiL /7 ) on Energy Metabolism
of Myocardial Mitochondria and Expression of PGC-1 a , NRF-1, mtTFA mRNA in
Rats with Chronic Heart Failure Based on the Theory of ‘“Heart Brain Kidney Axis”
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( 1.Liaoning University of Traditional Chinese Medicine, Shenyang 110847, Liaoning, China; 2.Affiliated
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Abstract: Objective Based on the theory of “heart brain kidney axis”, to explore the effect of Bushen
Huoxue Decoction (#MNEFIGIfL77 ) on the energy metabolism of myocardial mitochondria and the expression
of PGC-1 o, NRF-1, mtTFA mRNA and protein in rats with chronic heart failure ( CHF ) after myocardial
infarction. Methods 20 SPF male rats were randomly selected as the blank control group. The other rats
were used to establish the chronic heart failure model by ligation of anterior descending branch of left
coronary artery combined with diet and exhaustive swimming. 60 rats were randomly divided into Chinese
medicine group, Western medicine group and model control group. The traditional Chinese medicine group
(9.2 g+ kg - d"), the Western medicine group (1.5 mg * kg™ + d”' ) were given the corresponding
drug dose by gavage, the blank control group and the model control group were given the same amount of
deionized water, each group was given gavage once a day. After 28 days of intragastric administration,
Myocardial tissue and plasma were collected and the concentrations of ATP, ADP and NT—proBNP in
peripheral blood of rats were detected by enzyme—linked immunosorbent assay ( ELISA ). Real—time
fluorescent quantitative PCR and Western blot were used to detect the expression of PGC-1 o , NRF-1,
miTFA mRNA and protein in the myocardium of rats. Results Compared with the blank control group, the
concentration of ATP in heart failure model control group, Chinese medicine group and Western medicine
group decreased significantly, the concentration of ADP and NT—proBNP increased significantly ( P<0.01 );
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compared with the model control group, the expression of ATP in Chinese medicine group and Western

medicine group increased, the expression of ADP and NT—proBNP decreased ( P<0.05 ). Compared with
the blank control group, the levels of PGC—1 o, NRF-1, mtTFA mRNA and protein in the heart failure
model control group, the Chinese medicine group and the Western medicine group decreased significantly
( P<0.05 ); compared with the model control group, the levels of PGC—1 o, NRF-1, mtTFA mRNA and
protein in the Chinese medicine group and the Western medicine group increased significantly ( P<0.05 ).
There was no significant difference in ATP, ADP, NT—proBNP concentration, PGC-1 o , NRF-1, mtTFA

mRNA and protein expression between the Chinese medicine group and the Western medicine group

( P>0.05) . Conclusion Bushen Huoxue Decoction can up regulate the expression of PGC—1 o, NRF-1,

mtTFA mRNA, promote the increase of PGC—1 o , NRF-1, mtTFA protein, increase the production of

mitochondria and ATP, improve myocardial energy metabolism, so as to improve and correct heart failure.
Keywords: theory of “heart brain kidney axis”; Bushen Huoxue Decoction (#MN'B 45 1L 75 ); chronic
heart failure ; energy metabolism; PGC—1 o ; NRF-1; miTFA

&Pz 73535 ( chronic heart failure, CHF ) &
AU I LA G K A2 R R W 24 R [ B, 0 S 3L
MLAE P e T o i E R R,
O MU PR B AR SR 2 s RO AE B B 22, I
HBEE N T SN, O 58 R R R B AFE
THag e, i H AT 257697 CHE AT L2 MG 9T
Oy, K AR VU 254 —E B9 RO H 5 A
MR 257 o e PR P PR 0 sty SR B R SR B kg e
A IR IR R DR AR ORI SRR, TN
FEAT DR AR 22 AR AR ISR R R P AR R
P B I B A 22 IR D) BB 2% U Y Il R
B, FATTHAT B 3 30 A4 AR IR 256 , A0 Y
A JUHALC R IS EORE AR OC , Ak T g i 0
J AR BRI, SRR R LT, DOk TR
Jigi 34~ J5 1T, SR IR YT CHE . v BS 25 7E 3R Y7 CHF U
A B D Y7 e 25, vl I s e IR,
THAETE Ui A5 . v S 245 PR A A BRI T 2 1 ] 4
ATy i BTN 25, HAS RS/, PRI gi S8 35T
Z ez AT Pl

FHTHT ST s, B B A B A5 = 5 0 D B
AR R R, B R . O LR HE AR
LRI S BT SR AL, 1T SO A A R A 2 ZR L
237 AR R I PR AR, A OB A 25 48 R D) B A2 4
i Fh RE B A R 52 B, S Eon D REiE A AL
o, FTLL, D NLEORAR P B & 2 CH 2, J2
R E U I 22 1ML BE 5 S5 R A B Z B i L AR
Pho o S AL W Wil AR 3 FE TS AL SZ A v il B AR
F 1 o (peroxisome proliferators—activated receptor—
v coactivator—1 o , PGC—1 o ) # F Wl &= 5 Py
LRI AN A 0 K A 1 - R R R 5, AT s S
5 R B QPR S AE S B PR SR ik, 7R LR A i 1
KB, R¥EAE T or mZEEMY. PGC-1 o 1]
DL B 5 AZ PE I R -F- —1 ( nuclear respiratory factors,
NRF-1) X 2R AR S I A (miTFA ) BO 5% 5%,
T e 2R A4 DNA 114 2 305 R A2 il 38 n 1 ALk
VAT PGC—1 o By CAR BN v A Ay BRRE S 2k
¥ CHF BYHL a6 T H AR o

PR, A WAL T 0 i B il BRI, a3 DA
ANEFIE L7, XA e VRO R B BEA TR T O EL
WL, TR O LR B A Rl M PGC—1 o
NRF-1. mtTFA mRNA FIHE FIRIR LN, Dy B 24
iY77 CHF SR A RIS AR L A
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1 Ft
1.1 sh4y

SPF 2%, 12 J& i B Wister KX 5. 80 H, Mt M, 14 5
(200 = 20) g, AL T RAEAEYHE ARG R A4
L, T IES . SCXK (i2)2015-0001, SZ56 541+
F T AL T v BE 24 R SPEF 2% S 56 B i v s, AR 35
IR EEHITE(23 £2) C,EEE ., TLAF
TR AR
1.2 24 KA

ANEIE MmO (RS E S T AL AT
BT ARES FFE LAk s R ) L
T B 2 R A TR B B 24 SRR B R R ) A5, b 7
4 R 25 0 Y 25 A b AR N R R E 25 8 ) 2015
AERRAH DG AE | LA I 4% 245 ¥ 28 W28 oL 8 s Wk A
1 o/mL B, 4028 KB, CE T4 °C oK FE IR AF
s # A A, Bl AR Dl 25 ) A BR A
A7 B 10 mg x 14 7, [E 24 #E 5 : H20073720;
ATP ., ADP . NT—proBNP [ ELISA i 7] &, Wy T g &<
R AR Y TRERARAF], {54358 CEA349Ge |
SFA6005AS . CEA3560Ge; DNA maker. PGC—1 « .
NRF-1. mtTFA PCRAFH &M H FAba X4
FEARFB IR ] 5 Trizol, W4T+ Invitrogen /=18
1.3 2

HX-300/]~ sl 9 W 0 HIL, FB 0 #B 28 W Bl £
B2\ &) A2 725 SONO S5500 3% 18, 22 35 1) 8 75 L,
Agilnet 23 7] 4= 7 ; Stratagene Mx3000p 2¢ )G € 7 PCR
A%, FH 3% [ Agilnet 2 7] 42 77 5 Biofuge28RS K it /57 #
B0 HL, H # [E Heraeas 28 7] 42 77 ; MS—2000 22 5 &
TAEYE T IE T R Ge, ) T KA R A
R F A=
2 FHik
2.1 oG

Bt SPF 2 Wister HE P I B . Pk e 3% — JH s,
Sop HL— FRIR A AT LS, 35 B O A e 4 114 K BRL 80
WM A BE LR H 20 W, AT 100, 5% S 25 %
e, )4y 60 K BRUAR P8 225 Sk [6] il & CHE K
RS o A 45 T UE A TAEIS L ST 10% /K& &
L1 0.3 mL/100 g X K BRGHFEAT IR I PN BRI . AT <
A R R BRI O R R80E m , XF AT I i . A2
69 TR X A4S B R, A 3 4N I BRI, $2 BR ALY
A2 A, B S L A B 7 T 2 b RS, N i A ik
JIE, b P B T i s , BT A B BRI, AR P
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PRI BN L FUALE , T A2 R S DK AT RS S b 45+
W BLANIE S W 0 M A R s L IR )28 S LA L B R,
PR BP0 BRSERR S |, 34 220 AL LML, o0 FEL TR R
ST-T Bt L35 BRI A &5 FL s Uy, i 5 6 K Uk 8+ 28
T, 55 EARAEDIARRE . RIGIELE3 AL THEEHN4
T H—WRIES DIPUERG . RFIEH MR 1EF,
SR BT S = vk VI 2%, 5K 1 1k, S DT g H:
THOL, 38 PR Zhd K (Bl E K BUIRS A 22, T
V5 B ] AT 4G 3 h sk %8 30 min ), [7] BsF 0 & ) dek vsk 2
AR DL, AR () 3ELk 28 d, 25 RS X E KR
PEATIEE , HOS RS AR, 3G 3L, B A KRS i
L, 0 BLO IR A Bos EF(E < 50%, B S 482
HEBRBE T B B gL v B il D1 i L 2R FH B AL =% 3 ok
A1 BB A 44 2 CHE K BRBENL > A P25 2a (15
PO PEZHZH( 15 ) DL RBIRIGT BT (14 ), FFHEHR
TEHH (a5 X B ) 15 HakLe 505,
22 4Pk

25 ) BAZH FIAR R 21 H 28 TS50 i 25 3 K
B, HKR3mL, H1R., PHZHH(1S5mg kg -d")
T LA H LR 2 41(9.2 g - kg - dTh)
TLANEIE M H 1 RRE S | FReegh 2511128 d.
23 FrARXKE

o TFE S A 25 80 0] 4 20 K B BOAS [R) R B A 46
T2, PR b g2 AT 4% R BRU AR 43 S e B 12 I e e 25
i 2 5 A TR AR RGN . K B £ T LIE H Ab
B 28 d i, T NG W BRI, T-HE SE shPkCR AN, B8, LA
3000 r/min Z.0> 15 min J5 B CE T -80 °C 41k
TNRAE, RIS FT M s, B4t , ¥ U e AR 1A o
2.4 Fg AR

(1) 2R JH ELISA & £%-2H K FLINMLTE ATP . ADP
NT-proBNP [ & &, HL 44 A5 B8 42z Bt 59 & U6 B
7o (2) 2R 52 B 28 56 22 £ PCR A I K B0 UL EH
LI PGC—1 o« . NRF—=1., mt TFA mRNA 9331k, B0
HEZH 21 50~100 mg, B 5, 4% B8 Trizol i 71 &1 £ B0
LN RN A, $26380 % 57307 & Ui 0 45 A B ¢ DNA
514 b At 5t =l A AR MR R A A R,
PCR ﬁﬁﬁAgilent Technologies F& AL 1Y Brilliant T
Ulira—Fast SYBR Green QPCR Master Mix R F S Ui A
A Stratagene Mx3000p FOGE 1 PCRAY _E AT, M
M5 H LR T Rk /. (3) RHEH R
#5872 ( Western blot ) K5l K FRLO AL H PGC—1 «
NRF-1. mtTFA & A58k 5, BUOEZHZ 100 mg BY
i, IS 3 RIPA R AT 81 B2 G, SR AR TN
s e P VR Hss ) D 1A 2 1, 2 P T e B 2 A B I
BEPVDF K I, Jeta )5 FH 25 88 T /KB vE LAk s 41
25, BT Western blot B I = HE s 1 h, B
HY PVDF &, JH TBST BENRE 3 YK, 5 min/ YK, HILAKH IV Y
—Pr( 1 : 1000),4 CEMZFESN TR, T TBST P
3YK,5 min/ Ko HOAFAR AR BT #9 —PL( 1 : 2000 ),
FIREERE 1 h, TBSTYEME 3K, 5 min/ K, T 471k
2R RFE(ECL), WEgh 1,
2.5 SZuitFE ok

R SPSS 17.0 G814, AT 882445t L i
ORISR + FRUEZE(Xx x5 ) Ko, AR
KR ZE 5225317 ( one—way AONVA ) 475811, P<0.05
NZEFAA G
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3.1 A KR — AR IR

25 T B K B S S IEw, 1& sh I EH,
Bz B, — BOIRAS RAT 5 B R X IR 2 R FRUp (o 2=
BEAAE, 1 o B FRAER, 1 o b Fib , B BUR , B A s
WL, VT T RH 5, — RS R2E; by

55 245 21 R B — JBOIR A AR B X AR 2L i T, 3 0
BEAS PUASEAU S HEZH IR R0 , B al

3.2 &4k Bt ATP . ADP . NT—proBNP 44 Yy L,
5y

525 X B b IR YT A 252 Va2 4
RASEHIRS FRZH v ATP & 523 R %, ADP . NT—proBNP
TR T, HRZEF A S E X (P<0.05). 5
RS ME 2 be g, vh 25 4 5P 25 4 ATP &5 5 B 7T,
ADP . NT-proBNP & i R, 2N 2 F A Gei 24 X
(P<0.05); "H254H 5V 2540 tuR , el Al 25 57 g i 24
X (P>0.05), UL HH 259036 )7 AR 42 im0 Lgd 2
ATP B & &, FEAKADP . NT—proBNP 14 & i, 3278 24
PIREYT RS IERE I R, AH T VY 25 YT AR
M, WFEL,

1l FAKBMTE A ATP . ADP , NT-proBNP & & s

415 n_ ATP (wg/l.) NT-proBNP (ng/l.) ADP (wg/L)
SHMIRE 12 754.60+150.35  230.72+47.16 2743+ 831
FORGTIRZ] 12 410.60 £ 137.26° 60024 + 130.39°  87.64 +22.04°
izl 12 542.07 +252.30% 380.45+87.93%  64.23+18.17%
[N 12 583.30+24491% 37537+8523%  62.84+17.45%

Tk 523 X B2 LG, P<0.05 ;5 # 5 45 AU X B 2 1p
%, P<0.05,

33 &4 KR NHPGC—1a . NRF—1. mt TFA mRNA
AW AR

5o U BRAH LB YR IT A (TR 25 4 PR 2 A
L B %} B8 2H F PGC—1 o . NRF—1., mt TFA mRNA
IR % 3R Y REAIG, ¢ 18] 25 5245 S i h 2% 38 L(P<0.05 ),
SRR RE 2 P g, P2 S PE 254 PGC-1 o
NRF-1. mt TFA mRNA [ K8 7155, i a] 22 55
et X (P<0.05); b 582520 L, 4H [H]
2 B IS XL (P>0.05 ), UL VAT 41 25 T 4%
THOWIHLTP PGC—1 o . NRF—=1 . mt TFA #5452
RGBS Sk AR A e i B P PE 259109
FrRAHYS . MR 2,

2 HBHKEOHILPGC-1 o \NRF-1,
mt TFA mRNA 23k F ¢

251 n PGC-1 a NRF-1 mt TFA
ZSEHXFIEZE 12 0.46+0.03  0.67+0.03  0.45+0.03
FERIXFIEZH 12 0.17 £0.04°  0.25+0.02° 0.16 +0.02"
HiZije 12 0.26+0.02* 0.56+0.02* 0.31 +0.02"*
EESEE 12 026 +0.02* 0.57 +0.03* 0.32 +0.02**

VB 528 X AL AR, P<0.05; # 5 15 70 % B 4 He
%, P<0.05,

3.4 A 41K F S HLPGC—1 o . NRF=1. mt TFAZ &%k
K HY LR

S P B b iR T AP 254 Vh 2 d)
FAE RIS B 20 HH PGC—1 o . NRF—1, mt TFA 35 119
FIRPRRAR, AR 2Z R A8 X (P<0.05). 5
15 A X HE 4 L g, P24 5V 25 4 P PGC-1 «
NRF-1. mt TFA Z& (1R A I TH e, 25 5 H 5
T2E R X (P<0.05); W24 596 2540 Leds, 4H [a) 24
B X (P>0.05), LG Y7 H 25 aT $2 71
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DAL PGC—1 o . NRF=1 . mt TFA [ &, $2R
2WIGYT BeNS LR A AR e i (B b Y 25 Y
A, L3 MIE 1.
%3 BHKBOIIPGC-1 o NRF-1.mt TFA 25 263K HL#E
ZH 51 n  PGC-1a NRF-1 mt TFA
ZREXTIEZH 12 0.82+0.03  0.74+0.03 1.05+0.01
BERIGFHRZH 12 0.33+0.01°  0.32+0.02° 0.39 +0.02"
rhzhizH 12 0.63+0.02% 0.55+0.01"% 0.74 +0.03"
Ph 22 12 0.65+0.02% 0.56 +0.02"* 0.76 +0.02*
T 5 as X B4 AR, P<0.05; # 5 15 R0 % B 4 Lo
%, P<0.05,

1 2 3 4
mrEA ““ 291D
s I ..

e 125 A B 2H ; 2. 45 U B 2H ; 3. 24 41 5 4.7 24
2,
B AR EGOHIZH T PGC-1 o \NRF-1.mt TFA 35 [43ik
4 it
4.1 QR E T B 5 CHF B < &

CHFJi T E 42 ZFE I IR A — a8 22 M.
M B HEIE AR RS, W U ® b By ok i
CHLE” OB CBRART SRR AT r ik B Al
PSR VB I TS TR R, RSN 3
AT B —, I BKAH AR, BKIE LR LS AHE D)
T, LoRmifE, FIRER AR AE, ERE S 5
L RS RRAE ST I PR B0 AN, SCERLCS SR K,
JUr LA 2400 F 0 K DI BE 1 H R, i A BE AL [R] 32
A B RS R AR BE VL e, B o ooeh 2R, B
ML BHASE RS, R, o0 Ik LB = 2 A )
FHIE; 88 =, “CEBKAHEE”, O K B =3 ik
MHERR

CHF Z R8s i fo] L0, W sl s e,
RZ K, 2D DR BSOS BOK b 45, BLH PR AR R IR L 2
oS R N1 PN NSO = Bl Sl PSS AN S I = WS B o N
A, S AARBTCIH AT ], 2 B BN, T Tk,
VR MR e L, S B BE S R, G i
AT MK, AT 2, B BELC DK T H B804 i 450
R B SCTREORS L R LR Ok B A, ifk S R, TG
IAE L, DU i AN J2 208 ik 2 i 5% , B DK B 2R T
H RO B A i R s e B O R i AN ) )
ShoK, R H AT S BRI S AT RN, 12t ALK T
HER K B e bR 5 SRR SRk, 5 B BR S R, SRR
], AL TR, WS s, AR AR AN A BH
FREERGES AT T U, 2T FR B0 A 7K i 21> PR 850
PRI RS AR AR 0 i D)2 B e | g ik 26
e VNS DA 1l Ve i Dl AP N S s = M S E A e 1
i SRy T, 25 RS AN AR B, BEVEAS 7R, I e TSR, A e
FITZE, AT 5 HH BRI 248 e R 22 SRR 1

FH L T L CHF (I RZR B OOk Bl e
ANPET A, LA VB BH AR IR BE 25 1 | I S BE.
PRI =y M RE O 8 by N P BTy i S SE R D oll B b U B
Ho R 2R I HEIETS 7R, N MO IRCE 0 LR 2k
B BHASIEL, B BB 15 72 , (O AP A3 3%, J7 nl 4RO Dk
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IERAFIIIEE . P PL3E 20 B 0% iy, sy s
TEOAS M BRI BT IS S A
GG R AT i . A IR
LUK BfEF R . AT =25 2 b B BHZ Tg 5
BT AREE LARI K i, [R] Ak AT % b g i gL, Ao 18
FTIES AT s P12 L AE I A 25 DTS AL %
oA R R I G LA SR e, 152
HH L LR RO B IE I ZE R 2 s 1

42 PGC—1o —NRF—1-—mt TFA—ATPik 42 5 CHF
Hy K &

B FEUEST, O 7 2y K A, O UL O LEE
HEACIT B A B O U A A A T R R R
BE R LA AT LA T Y, S IE & A0 LT iR RE
PHE R B, 2R 1R B4 AR AR PP W AR RN ATP B4 A i e A ¢
PR, 2400 I A I SR AR 19 S AL T RE 52 B 1 , (RSB
I B % IR, Zopr AR B 1, R sk RE = AU A s 1
i, PRLIEG R 0 Sh BE R ATP B4 232 3 mahl 1o,
O ALZ IR ER A WAL T e TARIRAS T &
— RGN, B X PO 13T . AT ET 2B
TE O FEARL P 25 I PGC—1 o Z23K RIS, IR & T
HF U NRF-1 . mt TFA U320 W 18 % 2B BEAK, do
SRV, 7RO R A I, O LN SRR AR 84 il v 1
I T PGC—1 oo /NRF—1/mt TFA % 5530 8% 14 R [, Btk
PGC—1 o /NRF 1/mt TFA 38 2 U8 75 LR = 4 5 Bl
EILEE ", PGC—1 o J21238 % T 1) S5 f%
SR B3OS TR, PR n A i & A 2 G
FEIMEA, MRS 54 NRF-1 ZEZRiAR A
AWk A FE R, S PGC-1 o 5 NRF-1455)5,
SEZNESOE BN HARSER me TFA, PGC-1 « il
SIS NRF—1 XK, ST mt TFA 955 55%, —
FEIVE A kAR DNA &2 B J1 32T . DNA 3%
SAEEAN, M vE Y LA B A QIR O , 24 1 pe
LEEM
43 NN FT 5 PGC—1 oo /NRF—1/mt TFA %4

Uk A SR AR P S 2 S O I S 2
VAT H 0 i I = 2 A IR, %) B
A BRI A VT 4N R 5 1T 2k 19— R FRUB 1 14 il
T PGC—1 o /NRF—1/mt TFA i % & 75 2 ki 4 A= ¥ &
At R — A B SAEAE IS . PR RS TR 9 B
WA &R I R S 2 R — P i 1 R | 32 A =
UG B2 il e A ST PR AN TR B AR R I &R
SR LA He s, $ s i = 1A AR AR, sl e [R] g b T, AT
WA I FIRRNE YT AR g A ST, s A s
SVPHE A NFEER R PR B Y 7 =L AR IR
A AT P PR RS SR YT R L R I TR B
Ry B ) R 20

FETF U B b BEE T P A RN BN I TR IR
J¥ CHF ik B2 b ] 38 53 7+ 5 PGC—1 o . NRF-1, mt
TFA mRNA F 85 1IR3k, L0 LA I 8k f4 19 7=
{EG 0, PR AL NLAn il 2 a2 i e B A2 S50, HF
O B2 PO RE R S IARIE A AT -5, ol 3 7 381 T3 )G 1
FH, b B2 25 55 96 CHF 32L& 00 vl {5 AO Bl 24 52 56
Wi, &

SE& Xk
[ 1] BEfH, mm s, x4, 4 . O ELO ARG 2016 ) HEZE

[J].hEGERZE,2017,32 (6): 521-530.
(2] Rk, B —, A5, % AB PO S s Ay P e ST ]
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BT B AR U D Ca' (55 W RR R HANE
el A ICCRE TP

g, IR E =25, KB IE
(BevTep e 28 K2 V8 P 712046 )

HE: Be) @3B ERRTRRED RGN 258 CaN ) F245&% G851 ( Calpain—1) 69 F % &k, 83T
ANE P AR BAR R KRS TR AR EG AT, T BTR EREEATZEEREI ST, E TR
RUBHR TR o AR AN 20 AN 2 Fe BT 40, ST 44 AvT 4 8 VT ey R ad Fr44 B 2508 97 12 B 5 4N
1 ANS A AR AT 5 R B AT ok E AL R EAMS T M E K 0937 5 g kg - d REAFRF A EF
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