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Ameliorative effects of Imperatae Rhizoma extract against doxorubicin-induced myocardial injury and its
molecular mechanisms

LUO Huan', WANG Qiang*,ZHU Youjun', TAO Chunrong',MAO Yang’, LI Defeng’(1. Dept. of Cardiology, the
Second Affiliated Hospital of Army Medical University, Chongqing 400037, China; 2. Dept. of Pharmacy, the
Second Affiliated Hospital of Army Medical University, Chongqing 400037, China;3. Clinical Medical Research
Center, the Second Affiliated Hospital of Army Medical University, Chongging 400037, China)

ABSTRACT OBJECTIVE To investigate the ameliorative effects of Imperatac Rhizoma (RI) extract against doxorubicin
(DOX) -induced myocardial injury and its potential molecular mechanisms. METHODS Network pharmacology was employed to
screen for target overlap between the predicted core targets of RI’s active components and targets associated with myocardial
injury, followed by gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses. Based on
the network pharmacology results, a DOX-induced myocardial injury mouse model was established using male C57BL/6] mice to
observe the effects of RI extract [1 g/(kg-d)] on the survival rate, body weight, and cardiac damage. A DOX-injured HL-1
cardiomyocyte model was established to assess the effects of different mass concentrations of RI extract (50, 100, 200 pg/mL) on
mitochondrial membrane potential, adenosine triphosphate (ATP) production, reactive oxygen species (ROS) generation,
apoptosis, and expression of the relevant target proteins. The mechanism was validated by transfecting with small interfering RNA
of estrogen receptor 1 (ESR1). RESULTS A total of 58 overlapping targets were screened, which were enriched in biological
processes such as hormone response and hypoxia response, as well as pathways including apoptosis, tricarboxylic acid cycle, and
pyruvate metabolism. Key target proteins, such as ESR1, were also identified. Animal experiments confirmed that the survival rate
of mice in the DOX+RI group was obviously higher than that in the DOX group, with a slower rate of weight loss and improved

pathological changes, such as cardiac atrophy and
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inflammatory cell infiltration, compared to the DOX group.

Cell experiments showed that, compared with the DOX

4 OBEEE RSB BT SR ZE P2 . Eomail: group, the DOX+RI groups exhibited significantly increased or
Ldf2014@tmmu.edu.cn upregulated mitochondrial membrane potential, relative ATP
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levels, and mRNA expressions of isocitrate dehydrogenase 3A (IDH3A) , succinate dehydrogenase A (SDHA) and peroxisome

proliferators-activated receptor y coactivator-la (PGC-la) , as well as mRNA and protein expressions of ESR1; conversely,

relative ROS levels and apoptosis rates were significantly reduced (P<<0.05). Following ESRI knockdown, the anti-apoptotic effect
of the RI extract on cardiomyocytes was significantly attenuated (P<<0.05). CONCLUSIONS The RI extract may alleviate DOX-

induced myocardial injury by activating the ESR1 signaling pathway, improving mitochondrial function, and inhibiting excessive

ROS production and cardiomyocyte apoptosis.

KEYWORDS Imperatac Rhizoma; extract; doxorubicin; myocardial injury; mitochondrial function; estrogen receptor 1;

network pharmacology
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SECO B R AL C Tz R,
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1EE Wi ( H A Olympus 23 &) ) . Mini-PROTEAN”
Tetra T F F1L 1k 2 4t (3215 Bio-Rad /A H] ) \FluoChem HD?2
RIBE N 15148 % 5t (35 18 ProteinSimple 23 7 ) \Forma™ 1l
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NTIDE N
12 FEHRBSRAF

RI$EEAY) OK$EY), B 1 g R BUIAH S F 10 g RIZE
i, b5 B16026 ) W [ At 350385 75 F5 A= R A R A A
DOX (JFUkFZ , 4L 5 D396221, 4 i =97%) W 11 I g i
P T A AR A BN & s MEM 55 3835 iR 4 1L 75
(fetal bovine serum, FBS) ( 4t 5 43 %] & E600102,
E510008) 340 [ A48 T AR TR (L) IOy A BR S 7] 5 e
BUMERL R 321K 1 (estrogen receptor 1, ESR1)HLIA | P B-
WL8h#E F (B-actin) BT (L5551 K 21244-1-AP .66009-
1-1g) ¥ 2 =8 A= E ARG B2 7] 5 TRIzol 1A
RIPA 245 , BCA & 1 ik fl &5, 47, 6- R FE-2- 8
FEm| e (DAPL) Yt i, BUR o A AL P (HRP) bRic i F
ot EPUR R REBRE 11 G (1IgG) 9L, IR 1 — #i e
(adenosine triphosphate , ATP) ¥ Il i 7] & , JC-1 £k Bi A
JES R 7 K I ) &L 2 L T - RO E LR
(DCFH-DA) % G 16 P 4 (reactive oxygen species,
ROS) i I3 551 &5 (41t 53 %12 RO016 ,PO013B ,P0O012
C1006.A0208,A0216,S0026,C2003S.S0036) 344 [ |
W58 A RAEDHARF B A ;05 55 & . SYBR
Green PCR Mix 7] (L4553 51 i RK20400 ,RK21203 )
Y A I 2 v R AR A R F) 5 CCK-8 2 it s
JIR IR & (S HY-K0301) 1 [ 26 [ MedChemEx-
press 2y A ; Annexin V -FITC/PT 20 i T 46357 & (it
5 MA0220) 14 A Kt 2C A AR A BRZA 7 5 Lipo3000
R3] (5 L3000015) Wy [ 3% [E Thermo Fisher Sci-
entific 2% &) ; PCR 5|4 .ESR1 T 4. /) RNA (small inter-
fering RNA , siRNA) ¥4 i At R A W K43 A7 BR 23 w1k
A
1.3 sh¥54Eke
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.L> SPE 554 (I8 J& 22~24 °C , M X 40%~60% ,
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). FIFHR 4.2.1 5409 “cluster profiler” £, XF 210 4~ Fiil
WAZ 0 8 15 2647 3 PR A (gene ontology , GO) | 5 #f 3
N3 IR 4 %45 7 (Kyoto Encyclopedia of Genes and
Genomes, KEGG) & %434 (#)Fhi5 4 “Homo sapiens”,
PAP<<0.05 JghrifE) . 45N, HEESGOKH 1705
A5 bR A5 32w AR T IR A R A T A
Y)2# 33 #2 (biological process, BP) , Jif% . & FHiE L &
W) RN £ A R o 45 40 B A%, 43 (cellular component, CC) ,
L i 45 3 IO A7 AR T 1 RN 4 A 2R 45 A 5553 DI RE (mo-
lecular function, MF), FEE&EF| KEGGE 57 4%; ik
BN R E T SRR AR T Al R 17
(interleukin-17, IL-17) {5 5 il #% . LAh, ¥R . D-14 1
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2.1.2 RIS0 U453 110 S FHEAIE o S0 2 A 5 X 245 44 7
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) FH e SR I T L 1 RIS AZ O 8 5 50 LA A3 4 5%
B0 2 B SRS T AE S B B 4 58 . [F] A X X 58
AR 5 1T GO\ KEGG & &40 #T, 5 R Bw, ik
FO R B2 IR O BRSO A5 5 O LA 7 5 FE AR
KHYBP(E 1A) s ELE £ TN T =R RGN
Tl i X 00 20 (S (1] 1B) o JE T Lk 58 AN SR o5, i
— 18 i STRING % 4 4 £ 25 11 - 4 1 A0 B AR
(protein-protein interaction, PPI) 4% , J:{K#E STRING 1
G E R HERT 10 A7 A OGS ER 1, i ESR1 4% (T 1C) .
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BN ERBEAL A A5 BELH (A= BEER K ) RTZH (PR 45
T RIFEHY) ) . DOX 41 (R I 13 4 DOX) . DOX+RI
ZH(DOX 4G 45 T RIFEH T-10) , R4 8 K, i,
DOX 4 F1 DOX+RI 41 /]y ] DA VR B8 i 1 5 DOX (15
mg/kg) (47 R B IE PRI ALY T DOX ES 5 56
1 K&, RI4LFI DOXARI 21 /)N B B RUBEE) (LU B
ERACKHEERD L g/(kg-d)™, X FEALAI DOX 21 HE 1A
A PRER K BER 1R, 3ESET d.
2.2.2  NREAFIE I S MR AR A 8

SEEGHAE], FAER EAF9:00—10:00 WLELAS-2H /N L
BLEAEIE B0 s AR . 4550 s, DOX 21/ BUE 5L
50 3o R R A AR R T B, LA B R BB Tk B T
40%; T RI 2 /)N BU7E S 56 300 1) 4 30 A7 0%, B A7 R
100%; iR 245 7 RS2 45 o8, DOXARI 2H /N BRI A 3%
W12 = T DOX 4 (F 2A) . [RIF, DOX 41/ FUAE A 45
255 B T R, 11T DOX+RI ZH AR T R [ A 2% , %
WEENTARE , SR LRSS A& (K 2B, R 1 4
b = B K1 /0N B F/S2 30 50 1 K%/ BRI iR R X
100%) .,
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FRRG 255 84/ BUL T e IR I b 3T
SR AR T S B A GO PR RGOAIE A A )
FHF I S 52 80 o0 b o U4/ G U2 21, WL Ho 4
S, 25 (8] 3) R, 5% R4 HeAs , DOX 4 /N U AY O
RS , RUAL/N B O AR AR AL AN R 5 28 RIFR I
TFHil5 , DOX+RIZH/N RO IEZE 4R PR GAT FIrek 3 .
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F GRS OK e EAT R IR AORS DAL (HE) e (8, 1l
PR 2% 2H R B O JULET EHES (A5 AR SE e e
SENE AN LI 118 S s BRI o 45 25R (8 4) s, % R
I RIZE/N A O WLEFAEHRS 4 5%, 45 A 588 5 T DOX 4
/BB LT 4 52 T S IR ¢ KL O PR AT RAT i i 3=
IiE s 28 RUFEEUY) T 1005 , DOXARI ZH /)N B AR5 327 24
AR A SR ] e
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SRS D LEFAEITAL L s 1 Sk - SO AN .
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2.3 RUZEIH DOX AR 5 B9 SML I BETE
2.3.1 4k

BN B UL4H i HL-1, 32 R T 4% 109%FBS., 100
U/mL ¥ 5 % -4 5 £ () MEM £ 32 3L b | T 37 °C |
5%CO. 5 N H IR
2.3.2  RIFEHUCHIVE R FE i e

A T X6 A KU 4 HIL-1 20 B, 4 043 R ol FR 24
FUAS ) e RI4H(5,10,50, 100,200,500 pwg/mL RI
PEW)) I EA AN NS NS A, Bk
B3 AL AN AT R R4 40 6 2840 07 3¢ B 1Y) RT
FEHUIALBE 24 h 5, N A CCK-845 10 wL, F 37 °C'F
BEE 2 hm , i FHEEAR T 450 nm K ARG 45 FL IR
5 (OD)A, I A A AI XS 71 (XIS = (SE56G40
OD H — 25 141 OD {# )/( X} IR 41 OD {f — %5 141 OD
fH) X 100%] . F3 B F X 5 A K T HL-1 40 i, Bl AL
A3 R % B ZH  DOX 2H Fil DOX+ A~ [A] 3t & v i R14H (5.
10.50.100,200,500 wg/mL RIFZHY)) , - & A 40
M A E 2R s AL, BB E 3R AL B IR
Ah, AR H AL 1 wmol/L ) DOX AL 34 24 h A4 7
O I 83 A s B I, DOXA+AN [i) i Bk ) RT 40
£ L 2 A R e B2 1 RUEE Y b 3 24 h s, [V AG DN 4% 20
A0 AR XTIE 7o R FH GraphPad Prism 8.0 2044 % 54 4
HEATBEAHT s B LA x + 5 3271, 2220 1) L 3ESR B 1R
KI5 220, b — 25 P L3R FH LSD-¢ K 56 5 #6965 /K i
a=0.05(FI 2=k T Do

ZER (K 5) Won , 76 E DOX W S5 1F T, AI) i i vk
BE RI$E U (5~500 we/mL) X 4 j A AR X % F1 3470
FR (P>0.05) ., 7E DOX 75 5 4.0 JIL 41 At 463 47 455 750
53 R AL g, DOX ZH 411 A4 AH X 16 7 i 3 BRI
(P<<0.05) ; 5 DOX 41 bhst, 45 ot d v B RIFEHA (10,
50.,100.,200.500 pg/mL ) ¥ RE i 35 30 5% 4 B AH XT3
TEPER R RE(P<0.05) . iE—25 B4l s A & 3,
DOX+100 pg/mL RI 4 41 14 AH X 77 18 % & F DOX+
50 pg/mL RIZH (P<<0.05) 5 {H 4 R & B4y o i vk Ji Ak 25
HANAE 200,500 pg/mL A, 40 BLAH XI5 1 FFACRE = 54,
H5DOX+100 pg/mL RIZ HEE ) 25 54 T0 48 12470 L
(P>0.05), MR LARZER, #HH 50,100,200 pg/mL fE
R I SRS R RUAREHCY) 0 T

100
€ 5 I
.R
¥ 60
Z 40
z
20
0 DOX — + + + + + + +
g 510 50 100 200 500 Ry/(ug/mL) 0 0 5 10 50 100 200 500
RI/(pg/mL) X} I8 DOX DOX+RI
A. JCDOX 44 B./H DOX 414

a: 41 A, P<<0.05,
5 RIIERBWITFRIKERNFIEER (x+s,n=3)

TREIZGp 2026457 37 BT 12



2.3.3  RUFZHYXT DOX 75 S0 4050 WL 40 M rh 2R R A
K mRNA Feik 520 (A5

F I 28 2 B2 A3 BT AT 0, 58 AN TE DGR i 4R T
CRIRIE . RO RZRAR S i E AR,
2R R PR T 16 6 A5 2 DOX B0 UL 495 59 A% 0 g BEAIL
S = ARG L% S 2R AR D) RE S V) Bk (= 4R
FRAE A2 & A A SR AR T T rp A% AR R, LI
B X R LR R I e AR DR O ), S
T, AHFST B eI 1 4% 2 40 0 b = SR R G B S A
F S5 F7 B R i S B 3A (isocitrate dehydrogenase 3A,
IDH3A) . 35 11 i & i A (succinate dehydrogenase A,
SDHA )mRNA [JFRiEIEN . EAREAEGTT  BOMEUE K
HIANM, 42 2 X 10" ALEEFP T 6 fLAR T, 55532 24 h s L F
HAy Jg % B4 . DOX 4H . DOX+ A ] Jif 1 ¢ & RI 40
(DOX+RI-50 ,DOX+RI-100 . DOX-+RI-200 2H , RI $Z£ )
J MR 291k 50,100,200 we/mL, 218 “2.3.27 3 T 4%
RE), HBE 3 NE L, #2327 NIk
REBE ., B3R 24 h , BL TRIzol 3 71 45 B A% 2H 41 i i) s
RNA, Rl W B 2l RE I 8 i e S il cDNA . LU
cDNA WA AR, #E 4T PCR ¥ 48 o &2 W 1R &R AL 4% 2 X
SYBR Green PCR Master Mix i3] 10 pL . 1E/5 W] 514
(10 pmol/L, ELA& 7 51 J p= K 8 WL 3 1) 4 0.8 pL,
cDNA #5i#z 2 pL, FTCH% W2 il K #bh 2 %2 20 wLo [N 5%
424 : 95 CCTHAR % 30 5595 °CAEM: 5 s, 60 °Cild K /4E i
30 s, 40 MEHR, L) B-actin H NS, K 274 HE3HE
IDH3A . SDHA mRNA [ #3515 0L, 45 LA R4 2
WA T — R Ab 3L

*1 PCRATH3IYFIIRF=YKE

Hit A Fhl(5'=3") P fbp

IDH34 1F1i): CTCTAAGGTCTCTCGGCTGC 111
[ 11}: GGGCCAATACCATCTCCTGG

SDHA IF117: ACTGTTGCAGCACAGCTAGA 108
J2[i]:GCCCTTTCCAAACTTGAGGC

ESRI 1F1i): CTAACCTCGGGCTGTGCTC 124
J11: GCTTTGGTGTGGAGGGTCAT

PGC-la 1EJi: TGAAGGGTACTTTICTGCCCC 9%
[ : GCACAAACTGGATTCGCCAG

Bactin IF1i): ACTGGAACGGTGAAGGTGAC 70

[ 1 : TCCTCGGCCACATTGTGAA
PGC-1ov: 33 AV BT W 80 32 Ry PR T Lo

gh (K 2) Bon, 54 &, DOX 41 40 i b
IDH3A . SDHA mRNA [ 321534 i 3 T (P<<0.05) ; 5
DOX 4 F %% , DOXA+RI-50 , DOX+RI-100 , DOX+RI-200
ZH I8 mRNA ) #5321, H DOX+RI-100 41 |
DOX+RI-200 4134 i} 2 7 F DOX+RI-50 41 (P<<0.05) ,
2.3.4  RI4EEYIXT DOX 75 S:45t 4750 LA il 2 kR Ty e
[ERES AP =S

% BB 2R AR AN — R TR G A B Y AR
IR HE—2 55T RISEEYGT DOX B0 WL A0 I 26
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*R2 &/AZMBAT IDH3A .SDHA mRNA 3% F0 £k fii {&
FREEGL  AB3F ATP 7K F 48 3T ROS 7K F LE %5 (x +

s,n=3)
41 IDH3AmRNA ~ SDHAmRNA  4Fifkirfi  MIMATPAKT  AIXFROS KT
TR 1000£0086 100020133 11293£0923  1000£0.092  1.000£0.081
DOX4 037610023 050010033  2700£0304  0432£0029° 35050407
DOXHRIS04 054420034 06200100  3613£0.139°  0592+003"  2.640£0.113
DOX+RI-I00AL  0.689+0033%  0783+0047¢ 494310480  0753£0.019% 1984 +0.099"
DOX+RI20040  0.672£0.037  0761£0040% 483040392  0723£0013%  2.028+0038"

a: 5% IR H#, P<<0.05;b: 5 DOX4H HAE, P<<0.05;¢: 5DOX+
RI-5041 He#%, P<<0.05,

RARTREFEATFIYFZ I . EAREAEANT OSSR KB4
M, 442,337 W F ik ardl R AbEE L K524 h )G,
WCAE A M, e JC-1 3500 & U B B4 A L DA =4 e Sk
5 2 AT R R AR S H 57 (LAZT /4 5 5 JEE LB J
WALV AR Ak, T 8 EE ) 5 48 ATP A6 D7) 5 1 BH 45
PEAE, DABEAR (ORI 45 2H 200 B i ATP & OGHREE , 45 SR LA
X HR 2 Ry 2 BRI A T VA — AR AR B, FH DAPEAS 40 B AR X ATP
7K 5 #i DCFH-DA % GHR SR G Ul B 15 e, (i i
B LI A IR AT BE I (S (0 ) DGR , 25 SR LA R
20 2 AT 0 — AL kb BRI DL 7R 40 i AH X ROS
K-

gER (R 2 K 6) Bor, 5XIRY] i, DOX 441
SRR LA AT ATP 7KSF-34 5 2 A, A X ROS 7K
I 3 T 5 (P<<0.05) 5 5 DOX 4 L #4% , 50,100, 200
pg/mL 1Y RUSE U8 10 28 i e SR AR R LA, 1Y) I
PREZAAXS ATP 7K, FH4M ] ROS (1 & A= (P<<0.05) ,
H.100,200 pg/mL ) RTHE BT b 8 b5 A0 ke 46 H
LT 50 wg/mL 4 RTFEEY) (P<0.05)
2.3.5  RIFEHUWIX DOX i S0 4.0 WL AR i H ESR 1A
el S Al [y el

P R 28 24 B2 A3 B ] 0, 58 AN TER 1 DG B 5 ik 4R
F UL PE T3 1 (E 1A) , X5 DOX U WLEEME A A2 Lo
FRARAEAHAFS ' (EAH R, SR TR & DI
B ESR1JERHIL R 2 — (EI1C) . ML, ARWFoE %%
T RUZHYIXT DOX 175 S0 4.0 JULAH L ESR1T mRNA
KA PGC-1a mRNA (ESR1 i 548 ki fR Ll g %5
YIAH S e 71 Fah i . HARBRAEGNR - IR
FE IR, $2242.3.37 300 F il A Ab 3,
Rigf 24 h)m M AEANM , 422.3.37 0 7 A 0 4%- £ 41
Jf1H ESR1,PGC-1a mRNA f 2 15155 B0 (95 5 | 9 HAK
JPO =K EE LR 1) o RIS, AR 4N, LA RIPA 2447
WA IR BOL B A, LI BCA B & & (A ik ¥ 5 ot
T A3 B M AR O o, 28 T e SRR AN - RN
95 T Ji B JE L DK 4 8 )i e 4% 22 R — L LI B 1, LA
5% Wi g Wik T3 R BT 1 hy BEES , WA ESRI,

China Pharmacy 2026 Vol. 37 No. 12 + 1563 -



1x10"{ Q1 Q2 1x107]Q1 Q2 1x10] Q1 Q2 1><10"§Q1 Q2 1x10{ Q1
1x10040 i 918 |y 10 o 707 11010 o 715 10 e 820 1x10°]0
5 1X10°4 j g 1X10° 5 1X10'4 5 1X10° 5 1X10°4
= 1X10'4 = 1x10'4 —1X10'4 —1X10 = 1X10'4
| o o o |
= 1x10'4 = 1X10°4 = 1x10°4 =1x10° = 1X10° 4
1X10°{ Q4 Q3 1x10°{Q4 Q3 1x10°{ Q4 Q3 1x10°; Q4 Q3 1x10°{Q4 Q3
1%10' 19y e S22 1%10' 19 e e 2050 1%10' 19 e — % 1%10' 9.y O 1x10' 9., N .
1X10' 1X10° 1X10° 1X107 1X10" 1X10° 1X10° 1X107 1X10° 1X10° 1X10° 1X107 1X10' 1X10° 1X10° 1X107 1X10" 1X10° 1X10° 1X107
JC-1 green JC-1 green JC-1 green JC-1 green JC-1 green
KA1 DOX 41 DOX+RI-5041 DOX+RI-100 4 DOX+RI-200 41

AR LA Qe U AT

DOX 41 DOX+RI-50 41
B. 4%+ ROS 7K V- (DCFH-DA %GR 5 )

E6 RIFZREIF DOX i 53515 0 BIL4H A 2 L 42K FE FE 5L K 4B X3 ROS 7K F B2

B-actin—Ht (KB LA 53971 1:1 000, 1:3 000) , F-4 °C
N E R VRS A B T (R R L A 34
1:2000), T FIFE 1 h; IR Ab24 & 650 B i
Jei A% A Image J A4 X 2R (1 2% AR T 50 #T
PLESR1 5 N2 H (B-actin) (19 JK J& 8 He {H %7~ ESR1
BB FRIKKE, 45 8 LI IR 4 R 2 B e AT 0 — 1k
AbFE

gERL (3 T) Won, 55X R4 i, DOX ZH 41 i
1 PGC-la. mRNA .ESR1 mRNA K HAE [ Fik ) B 3%
T ; 5 DOX 41 . #% , DOX+RI-50 . DOX+RI-100 . DOX+
RI-200 ZH 41 ffg i I 3A 48 45 2 i 35 K &2 (P<<0.05) , H.
100,200 pg/mL [ RI £ 9 X PGC-1a mRNA , ESR1
mRNA KA 3R B A BG83 00T 50 pg/mL
1 RIFZHUY) (P<<0.05)
£R3 HHAME T PGC-la mRNA ESR1 mRNA & H

ERREFATEEE (x+5,n=3)

il PGC-lo mRNA ESRI mRNA ESRIZ&H AT %1%
MHIRAL 10000021 1.000+0.095 1.000+0.075 396040475
DOX4 0335 0.047° 0342£0.039° 0.280£0.020° 20270+ 1,082
DOXRI-S04  0.608+0.051° 0.540£0.031° 040410010 15310+0516°
DOX+RI-1004]  0.797+0.059 0.730 0,042 0.765 £ 0,029 8.067+0421%
DOX+RI-2004L .74 +0.044" 0.724 0,026~ 0.731£0.007 8.067+0.733"
a: XA A, P<<0.05;b: 5DOX4 A, P<0.05;¢c: 5DOX+

RI-5041 [14%, P<<0.05,

2.3.6  RIFEICHX DOX 175 T LA L 152 0oy () 4G
AT HE—H 5T RN DOX 1 S0 L4

MLPHT R 5Em . ELARBRVEANR IS “2.3.57 T F &4 20

Ji, #% Annexin V -FITC/PT 21 g 7 T K6 357 & 156 BH 45

HEAT YA Aot FH U A A SRS D0 - 2 240 e 9 T

IR H FlowJo F1 1 A T8t R A 53T o
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DOX+RI-10041 DOX+RI-20041

Esri| - T e e |GGl

P-actin —— - - o 42 kDa
I il i v A
I :X%FRZ 5 T :DOX 4 ; I : DOX+RI-50 41 ; IV : DOX+RI-100 £
V : DOX+RI-200 41,
7 RIREIX DOX % S50 AL4H i 1 ESR1 &
B &RiE M i B ik B

E (R 3 E8) BN, 5XFIRA HL#, DOX ZH 4 fitd
W UE TR B E T i (P<<0.05) 3 5 DOX 4 He %, DOX+
RI-50 .DOX+RI-100 , DOX+RI-200 21 4 it i 7 1% 3% b
BRI (P<<0.05) , H DOX+RI-100 .DOX+RI-200 4134 it
20K T DOX+RI-50 £ (P<<0.05) .,
2.3.7  F&TF ESRI GRS AL HI B IE

IO K02 K A i, DA 2 X 10° AL R T 6 FL AR
WL SR 24 hE B 6 IR ZH DOX 4H . DOX+RIZH |
DOX+RI-siESR1 ZH (Ji5 ¥ 2H RI $& By o B3k B 345 4 100
pg/mL,Z%“2.3.6" 01 F &5 R e, AR E 3N E L.
XTHEZH . DOX 2H . DOX+RI L4 fifg 442 “2.3.37 11 T 5 vk 1
FE A PR DOX+RI-siESR1 £H 41 Jit 5% 44 ESR1 siRNA (i
1 Western blot SEEG I UE , #5745 Y 48 h 5 4 i o ESR1 25
F A 2R G8 KO 2 RN, I R R B Gy il 1 ) 5 L 4%
“2.3.3"I0 R rEE A AbBE . B3R 24 hE USRI,
At Annexin V -FITC/PI 4L (05256 A 172K

gEL (K 9) Wow , 5 xR F S, DOX ZH 40 it 1)
TR TR (P<0.05) ;5 DOX 4 Hedss , DOXA+RI 41 4
L F 8 T 2 0 B AR (P<<0.05) , T DOX+RI-siESR1 £
AR P TR 22 5N TS T2 L (P>0.05) , 47 RI
FEH X DOX 7500 ULAR A I8 T~ (8 30 il V6 FHAEAR KA
B T ESRL{S S E% .
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Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC
AKX R B. DOX 41 C. DOX+RI-50 41 D. DOX+RI-100 4] E. DOX+RI-200 4]
= =1 3 A N L /, 3 - S
E8 RIRERHIXS DOX %S0 AL B E T 22 M i it =X 20 A 2]
1X10° 5 1X10° 1X10° 1X10°
1x10{ ! Q2 1x107 {1 1012 1x1ou(?;3 ‘?i‘ 1X107 N
1X10° 1X10° < 8 1X10°4 : 1X10° 4% %
_1X10° _1X10° ; A _1X1074 _1X10° 20
= 1x100 = 1x100 y = 1x10 & = 1x10 g5 i
1X 10° Jikie 1} 10° Jmae? 1 10° 8 1X10° $9s
1X10° 95; ?35 110 {947 Q3 1x10a08 227 1x10:{ S Q3 210 .
1X 10" drmrermrrebrrg—rerrmr—r 1X10 873 1X 10" o TEVSToT L AN N - 1 e
1X10° 1X10° 1X10° 1X10* 1X10° 1X10° 1X10 1X10° 1X10° 1X10" 1X10° 1X10° !
Annexin V-FITC Annexin V-FITC Annexin V-FITC Annexin V-FITC 1 i m I\
I I I v B. AIJA TR A HIE R (X £ 5,
A AR T A A n=3)
I %HIE4L; T . DOXAL; I : DOXARIZ ; IV : DOX+RI-SiESR 141 ;a: 5% A4 H#5, P<<0.05;b: 5DOXAL H#, P<0.05,

B9 RIFEEET ESR]ESEHENE DOX SO AL AR T

3 itig

RUZI R H GG h 258, HAT AR i
R, T HA ST, RUEA GE DOX O ERE
PERZG FEELRIT ™ AHBARYE FIPL I i A etk — 2P B
AR5 2R FH 190 245 24 B2 T 485 -5 1 P9 90 S 560 56 ) 5
W& , Z G5 PEAS RIS B AT DOX S0 WU 5 19 24
KABFERL

W 24 25 22 S0 AT 718, R8O JIEAR-SP 1 T Al fiE Sk U5
T PTG A3 (0 I R RN o A T (% O B
EAIH , B-4% S it | 6-F A L B | L3 SR R A D-
AR 2 A, B/ 32 1 43 P R RT B AR
W) K BT AR5 VE A S S TP T 3B 5E h
DL T B A HLTRIAZCE < e, 0 ALl i P 7 45
15 SD KBRS rfv | B4 45 st ] i 1ok 381 ok AR Tk AR
BT SZ R A% R T «B A5 51 kA i UL
AR IR T B ARAE R, NI /N O VBB BB T BRI 400
WU PE R, 30 RIS BT R BURE PP Al A 5E
TR AR T AR . UK, B o3 AR
FEARAB A A S 5 R 76 1 () G s 15 6-
SAUHE BT 285 R AL ) 8 R 22 R UE S vl SE b 7 i
H KR L AL PP Jun 38/ c-Jun {5 538 1, AT XS
DOX 17 5 B 45453 0 LAN IR AR 5 4 AR VE Y . X4
TN o AR Y B A S A A3 1T R AE o R AL A B SR A
AR T AR DGR 530 B S IR AR MR O U o I
AN, L-3E R BRAE R = SR BR UG IA 09 5 Z AR Ak, 7 4t
5 4 L e £ AR AN R AR SR Ak R 3 T A AR A
™, R IESE L I R F HAR U BE L) “ /-2
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A0 - 223 S R & HE O R AR AP VR L S L Ak 2h
B B R RE 2 T A

B ESITEE R DR, 58 M TE A = A T A
JAT = FRIRIGIR S . BEAEAFSE 200, DOX U 7
PRV K Z A BELH, L 4 g T RE R QIR AT | 4R
ARSI O 2 B A BT | T bR T BE S 1
IR R R T A AR T ARSI B
PSR 2, RIS U BB AT 242k 3% DOX i S 1971
BRC IESS R4 407 , 4 o A A7 ST R ER T B 5 40 S
IS 25 R, RIFREUY B8 i 2 2% DOX % S8 5.0 WL
0t A LR AR TR R A7 252 L ATP A= i/ A ROS 5 i 7
A BRI — B R 1 2% i DOX S 450 L4 it
HIF L.

BEAN, R 2% 25 B2 3 BT 45 5 v 0, ESR1 43 F PPI
P 2465 () D SHAL B, 2 B A 2 — . P984 L ESRI
Al S 5.0 WA AT L Ae A R pu R TR FE Ok
PR BT AT Z A VR FH™ 2, Ik B FE A4
ESR1 Al 25 2 WAl (SIRT3) i1k , s 0 Al
R I PHTRE T B 0 rh SRR R B 5 4 G A, DT RS 5
O AEDIREFFAN SO EER™, HAVR R, O U
HE/IN BT R A R R )RR KA 6 7T 38 4o 980 ESR1/
TR T ALISE 3 Yl /28 11 Ui B/ IR 7 kB {538 R
il aCo AIUZH L AR T DR S T S I, AT ik 2 A3 /N B
DIReI /D D LA AEAE™ . ARWF5E 455 s, RUBEHUY)
Al 52 1R DOX 550 LA 3 48 i o ESR1 mRNA J¢
M .ESRI FiEH T PGC-1a mRNA Fll =R FRIEFF ik
T IDH3A .SDHA mRNA [ 3k , I 0] 5 3 #0360 UL
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