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Research progress on the mechanisms of Shengxian Decoction and its active

components against doxorubicin-induced cardiotoxicity

MAO Shuyun', HUANG Doudou’, TANG Pengyue’, CHEN Lan*, WU Yueyi’, PANG Tao', SUN Lianna*(1. Tongji University
School of Medicine affiliated Shanghai Baoshan district Songnan town Community Health Center, Shanghai 200441, China;
2. College of Chinese Medicine, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China; 3. Department of
Pharmacy, Changzheng Hospital, Naval Medical University, Shanghai 200003, China; 4. Second Convalescent Area, Air Force
Hangzhou Special Service Convalescent Center, Hangzhou 310007, China)

[Abstract] Doxorubicin(DOX), a widely used anthracycline chemotherapeutic agent, faces significant clinical limitations
due to its severe dose-dependent cardiotoxicity. The pathophysiology of DOX-induced cardiotoxicity involves a complex,
interconnected network of signaling pathways, including topoisomerase IIf-mediated DNA damage, mitochondrial dysfunction,
oxidative stress, ferroptosis, and inflammation, which collectively form a self-amplifying cascade. Shengxian Decoction, a classic
formulation originally developed by the early 20th-century physician Zhang Xichun, exerts therapeutic effects in “tonifying Qi and
elevating Yang” , and activating blood circulation. Notably, these efficacies are directed at core pathological features of DOX
cardiotoxicity, like mitochondrial impairment and oxidative injury, positioning the decoction as a promising “multi-target, multi-
pathway” holistic intervention. This review systematically delineates the pathological network underlying DOX-induced
cardiotoxicity and elucidates the molecular mechanisms by which its key bioactive components, including astragaloside IV,
calycosin, and mangiferin, and so on. These mechanisms encompass mitigating oxidative stress, inhibiting ferroptosis, restoring
energy metabolism, modulating autophagy, and suppressing apoptosis. Furthermore, we explore the synergistic potential of these
components and evaluate the prospects for clinical translation. This synthesis aims to provide insights for future investigations into
the pharmacodynamic material basis and precise clinical application of Shengxian Decoction.

[Key words] Shengxian Decoction; doxorubicin; cardiotoxicity; ferroptosis; mechanism

B 5% 2% (Doxorubicin, DOX) JZ: i R—EZK B IR
[HETE] e A ORI S 551(2003vZZ02);,  WIT 25900, (H HGR ARV (9 O IE RE 1 2 ) 24 F
I Z ST &R (2022YFC3501700) RN BT, HEERWVIEIRER LS
[EEmN]  BEPE, AR, W57 . b2 R 7R 6 7 45 2, BEVE: 2P O LG L2 LG L4055 &
Email: 15900873412@]163.com st R AR SER M T AT B 75 V47 4k B %

LRIEER] B . B BT G2, B, TS L L*‘HEE"EJ‘WE{“E{”T“%“&E SIE
schwieni_tao@163.com; PhZEWR, B, BF5T 7 m): h 25 HI R0 &, BUF R B, O T Y R R s 20%. H
Email: sssnmr@163.com ﬁﬁ, %[ﬂﬁ%%%ﬁﬁ%‘%ﬁ% (FDA ) ME—HEHE R —



https://doi.org/10.12206/j.issn.2097-2024.202607001
https://doi.org/10.12206/j.issn.2097-2024.202607001
https://doi.org/10.12206/j.issn.2097-2024.202607001
mailto:15900873412@163.com
mailto:schwieni_tao@163.com
mailto:sssnmr@163.com

R SRS 2026 4E X H 25 0 #5445 55 X

2 J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026

AT PR B 2L MR A 25 T e A, DR
TE R ) Lt B A o S5 A BB, ek R HEAR
NARM, P, 7552 A R B ih SR B
B R

THBE R AR B R B Al “ KR B IE™ B
BISZ A2 B350, e, Mk 560 AR REAITHRR
TIRZGL R, 7 AR S 36 % B, THBa i S
T PR B3 AU LA ORAP D7 1T 7 R AR O3
BARITS S 58 A B0, TR 1 ] elcsts Bl 3R PIT B 70
=S DIRERRAT . ORI SO WL ML T, a8k
U S TER SRR v ) R 7S HE IR 70 A AT R
DRERTE 1), Z IS UESE A THBE 37 Hh i
M B EC I . A S B | £ R 2 R 2SR
oy, Al i PR AR IR BRAE T S AR T PR
FI I S B8 1245 2 A R AR ORGP E T . |

DIN

R PR TR e B R R O R R R IR R B
B A ) IO P S, (LG ] 2 2R O IR R A ELAAR
Sy RSP BORE R i T R ST

T I, A ST R G B B 290 JIERE R A4
HRILA R 25, F-25 5 TR P SO R BRI 1 25
BT HE I, TRASRTZ 07 70 T Pk 2 2D AERE
FR 73RS 1 PR A, LUBI R TR 1 Y e PR e A
L e85 kSRR S

1 MERFFACESENSIER

BT 25 O JUE R P 2 22 T B R T Gk
Q7S N UESE SR 9 NI I 7% S Il 133 e o 1
15— i 4 0 A T B A (RIX 4 ) — I i 30 0 3
LR AMIIET 5 RAE” IR 2% (1] 1), H
1, TOP2B 51 DNA 5147 /2 Bl 25 25 i A LA

il
TOP2B i
NADPH °,
’ 5450+ DOX 7 o *
DOX 2
X0
DNAZ il o #,
& “Uig
Doxorubicin
TLR4 $ MyD88 : (:1 L 15
. OH (ATP)
o E E@:’ @ s‘ymhas“c
& ®iai
IFR3 NF-xB1 e S0 0 OH O N, = —
& I 1 o e ETC
" CL X Poon B /
(&) O OH .
\v/ (ADP+(®) ~ATP
(g\ f;& %%\) \ t
\/(/ﬂ(/‘ IS o
@(\ \'5§3 <4
Q@
:.
AlF b LAV
EndoG 4
- o T s
it

®

E1 SRS S SRG TS
1¥: DOX, B85 %; DOXL, £ LU E; TOP2P, DNA i+ A4 2; NADPH, i J5 ARk R I B — A% 15 R IR P450, 41 (0 25 P450 il
XO, WIEREILEG; ROS, EPES; TCA, =RIRIAIN; ETC, FLF15i%4%E; ADP, —BHRARTT; ATP, =W TT; AIF, JT-35 3K ¥ EndoG, #%

%M VIF G; TLR4, Toll FE3Z {4 4; MyDS8S, #kE oL+

88; NF-kB1, #% AT «B1; IFR3, THE RN T 3



RS SRS 2026 4EX A 25 H 44 X
J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026 3

JiLJE fe i & AR 43 T A, AR AN G N 1Y) )
ST A S F A B R R R RE RS, J5
AL TR BEE I 2% 1 X 2 A —— T BB AR JE 1Y
LR AR BE S 15 1 480 (ROS ) 3 A il Y £ R UR,
JERe A R AT B AR S R A i L [R1 JE A . Ptk
SIEMEALR B RIET . e R BRAY | A5
S BT A5 A S, 38 a1 s A EROR, A
LI [R] T 1 SRR T 5 SORE RN, T AN T 3 )
ODIREE (B 1) o AHLIA] Y 28 SO 5 5 SRS
IR, S B 20 B A T AL A% O IR B T
B 25 2 v oF TOP2B 45 DNA #i45 . £ {4
AR SRR AW [ X BN AR PP TNES TR
PAT- K TLRA (RISPERIE 6 Al B RIVEH, £i&
A0 LA L, S5 24975 2 B A S 25 W AH O L
WL
1.1 TOP2B /345 45-F 3t

B R AO WA, 2 5 30 S A il
11 B(TOP2R) L5 A TE AN I A4, 701l DNA & i
LEESE, A A OCILAEIE T . 5 R 4 iR
[, O L4 A B 2 25 S A ) T 5 TOP2B 45 &, X
— PR 2 R T AR R P A RO R R R AR T
Fehih =z —M, b, PR FR A T ik A Zi & DNA
(mtDNA), T2k A3 P 21 B 55 5 5 & i, TR
LI ELRARIIRE . X — 2 Y B A
i 200 MU B 1k I S 7 (1) S sh AT, Ao 41 2
B WA A DG R R ek, il & T e bifR T
AERREAT o
1.2 &KAIRhReERT

SRR AR T A 2R TG A B A g, R
I A A B R 2R I M A D 8% v Ak T A% 0
WXL M . IZFRTT RE S TOP2B Fi 45 19 B T =k
4, SGE I E R AL BOR R W BT 9 BRI .

TESRRA: W6 12 T, B0 253 1o 10 o 2
1A 3 1 5 ¥ B (TOPIMT) B 56 St 7 55 9 4 [H] 1
PGC-1a/B. Nrfl #l TEAM [{33k, BHIKrZ kA9 4:
TN RE LR ARFE I O, AR A T A 2
T, B8 R — 7 TG A M5 b pS3 B Rk,
Pk H 5 PARKIN A9 254, FH T 32 451 2 b 1A 38 2o
PINK 1/Parkin 458 B 2E 0 A 13 bR 55— T
i 2= 2 B AL B SIRT1 1% 1, %Il 55 SIRT1/PGC-
Lo Sl IR DI RE, N SZ B8R R B ERRPT, X
T2 T, D g v i SR 76 4 i 9 R i HE R,
B ROS i s A ) RSk, IS8 ATP Ak
B, E55% AR )T B, MR T ERE A S
Y T N OEA T AR TN

1.3 T A il g
1.3.1 SN

AR TR BT 2R 0 I PR I TR B v
P2 BRSOk AR Iy fi e i 5 H
b B R ) SC SR AL AF o O EZHLZL SOD FI CAT
GHUE LB BAR, UL RE ST AR X 55 BT
FIRTT W hE £ AR P9 A7 AE = 7K (4 LA R etk
AU, R LT iR A 1A S ROS i B4
Ji%: % NADPH AL (NOX2/NOX4) | B4
A 25 e Ak Ry 21 R, 5 4R B 0 AR BRI B 1
QBN EA . REAS AT ER-MEREZ S
Yy, AR SR Rk 2 5 B i LAk %A 4ok
TR BELOBERR, TR s, BRIRZOR R I
,fj‘[lo]o

KiE ROS #y 7= Az 38 1 LA R i@ A2 4 k0 AL g
4405 CONR T 8 A At SR A AR AT 11 By T ik
b, YN B 7 P, PR AR R AR R 2 (MMIP), fit
K2R R AR G i 45 L (mPTP) I MY @3
p38/JNK/p53 MAPK {553 %, i3 sh i 4 1~ 4% 5
U2 O # Y Nrf2/HO-1 3 % (9 10 B2 fiE 77, 7] i
NOX ZKEFeik i, R S8 b -bi S A A
A3 ) AR A AR
132 #ger:

BRFET (Ferroptosis ) & T 4F 2R A2 B 732 R
TP PR ML FE T8 2, AR RRAE A AR 14 IR
i S AL R, HAM ST TR T IRBE A A WA
R, FEB R RO NEREE D, BT R S AL
T A v 2 BLIE 5K, 24 3 % %Al (Reactive Oxygen
Species, ROS) 4= hli#A i Nrf2/GPX4 2 4t 1) i bk g
Sk, BB A SO SR A, DT i A R AT

B 25 22 38 2ok — )2 2 388 A L B 2% 9K B0
WA ARIET . O R IR BT . BT R 5k
I AW, T E B AR R i B b (A 1
T, ol 240 6 PN O 25 Akt S 3 ok 1T K 2k A
J5 s W AR B g i AL . WAk B (Fe* ) AL oF
15 (Fenton ) N, 13 S8 Ak S (H,0,) e Ak oy 55 1 1
MR A R (-OH), J5 4 Wity & 2 A A g DR
WIRERENE, 51 & N8 it A Ak sE =0 Ny s @bt LB
WARGH BB R . PR T AR/ A
SR S 7] 4 32 1A (cystine/glutamate antiporter, Xc)
RBRIAZ 0 FE SLCTATT ek, 1 bt & iR 7 i
NEEEL, S 3 e H K (GSH) & sieid /b, 251 1 55
GPX4 ML A8 ALY AL 10 5 ] BF B 5 32 B 4240 41
GPX4 1M, WEFT o 40 s bR IR Bt Sk
RE TR,



2R SRS 2026 4EX A 25 H 5 4a s B X
4 J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026

HAERRE, PIET- 5T RAEZ 7R
S 2R A8 U R k) (4 4-HNE . MDA )
AT NLRP3 S /IMAIFAE 1 58 i 7 R i,
1M GPX4 K678 ol Mg 1155 U . Rk,
BRICT AR IR Fe A, i AN OB R AR T
559 ) FE L ]y 0
1.3.3 A RtkEss

STy Rl R e A L ) Je R O LR R AR
W A AL . B AR 2 5 A R RR AR
MMP, S8 AL HEZ i, ATP & R,
PR AN, O LA M & A A5 B g e i T i
P A H e T N N RN el o
MR IR B-F A SRR S — PR RGP S B il (718
i 5 T ) T PE T R, B RS R DA o R SR AL
i Ak Bt ] AR A ) B I T b, BT 2 T
il AMPK {5 5 3 #%, w200 U402 F
TGF-B/SMAD i 41 F .0 LT 4iAk, TE iRE G
B S5 A F 0 1 R R BRI 518
134 SRS

BB T R EE A AR LR I v, X 2
OIS AT - AR G B X EE, MR Rl L
JE TR RS AENURE)Z 1, AR 2 2 1
L T 0 ) A S S o E A L AR R A
REAS A5 S HETFAR 1 N ™ ZE WL )23 10T, BT 5 3R
T4 SERCA2a ik IF S RyR /0455w, 5
ST RN T 27 6 A b Y & A .
OB R A, AR o SRR R R R S B T, 3K
LRSS 2 5 — D I E LR AR T e
15 (0 f AL % | 15 ORI K ), B BLEhr
PRI BE R 5 F5 AR S Z AL W U IR IR . FRsk
A FE S AT n] R H Cx43 ik, &M E L
W 5 i o R,
1.4 ZBEARBATS XERM

IR T T AR 3 e 2R T AR AT
55 9 AE LN, A8 BT B 2RO U B PR I AR KN

O LR T i ROS 75 £ b 1A % 1
AL (mPTP) FF i, T30 MMP i fif . b A ik
FIAN R 2L, Bk AIF, ENDOG M 4l i {5 2 C %5
T F 2= M0, 0% Caspase 25k [z vy, 8 1 Y
TR R AR AR IR SO LA I T, oA, Hesk
%) PN J5 R 7 385 7T 3 1k CHOP/Bax ik A2 i k4 4
RSN F Ak, SE—2E IR T 155 R .

@ RAE N : BT ZE 7T 13 TLR4/MyD88/NF-
«B & K NLRP3 Ji/IMAZE5, 12k IL-1p. IL-18.
TNF-o 55 5 M R F R, a0 LB 45 220, 1k

A, B 2R TR AL AR DU IR 1 R, T PGE2
I LTB4 S A K-, E— TR IAE S 7
IR I TR BRI FT B Toll A% 3Z R (5
S IE

EARIE A, TS RAE AR . P40
JHRURYE e ATt — A5 SR B, 111 S AE PR 5 ST
FAKLARIATT, —F I 5 B IE BB 3R, Fe
SECR R IIIRER K

2 FEAREFEMR S IPME RO RS EAE
R

T B3 174 05 v 38 A B0 T L el A AR
A W0 WU RE L S5 IR A G2 R B B RS 0
WU, 2% 25 3127 5 43 XA SR o, Hopx
O (BT . BRI, S48 2 1T D.
IR AR R B-ILAE) W[ /E T ps3. PI3K-
Akt, MAPK %5 3 [ (1) 5C £ ¥ 25 (CASP3, CDK1,
MAPK1 %), BRI Z 4 R ERP (K 2), £
Tofr ey 25 358 M LS o L e AR N . AR T R
E | B5FRA  GObLRBE RIS 2 A I, 2N
P2 E L EB I, BRIV AR
R WEAR I E A o
2.1 Hrasmb s 5RRGXZBEWE A

T3 47 B SURE MIL I AS BE 7 B0 A 45 H A
BATAE R B Ze At hn, FERC AR PR R M2 A b &2 7 I
PR OB, T2 BT R R AE T
“ZHO G 2B I AR TERRAE, 24 1P ]
VB T9055 45 1) 24747 55, W RE P A SRR T
T Z N (GRS IR BN . TETHRR A, 2
BRI BB 16 P R0 B 8 S B A 0 A
P R %) F B S Sl T e 24 0 B P A e SR
e 2 Seti vh B SEE BT D AT 2455 R b A R
BLA3 0 4 AR R AN R 3815, S m] 44 7 i B
B RO WETE I Z FEHL B0 TR D

MA B C 2T 5P Z B PR OC R 42
HETHRERR, TR ERE R ( Astragaloside IV,
AS-IV) 5% T8 AMPK/mTOR [ W i B% Fl TGF-
B/Smad HT £F 4 AP, 1 £ 5 ¥ Wi (Calycosin,
CAL) B F5 F NLRP3 A AE/IMA ] Ak T4
PP A H - SE R IE T L B RT RETE
BCHLE AR o FEE 2 R T KR SERCA2a £
ik, ALY, 5 AS-TIV i#1% PPARa/PGC-lo
PEERE BRI A VE AR SS &, AT “ BB RS AS-RE I
R LR b= R P RO BEAh, TR A A
JIT 5 B PR 2 1 A (LRI B . WP ) 7T B3 Ao 18 1



RS SRS 2026 4EX A 25 H 44 X

J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026 5
e 5
PO :
QT N i BTERAR it L N
Cwim | bk Cwmi
| b 5 R A ‘ | el 17D i
| i NG aC i
N e e ——— ’, N y
Bax. Bcl-2 e e
Nrf2 - NLRP3
------------- X ES) fmmmmmmm e
e s \ [ { ST i
! OneER ! ~> —_ LV €  PI3K/Akt 4_':@?%@& i
e O /
, t -~
rommmmmmmms- 3 s CaMkkB/AMPK
e f—> C2 R (oo
e ——— 1
LRI !
N 4
MAPK 0s SIRT1 -
i \ CEcmas
PESHRATD E l'_ - o} | _,” i
| BUBRRR . B i NN VTR |
iy ¥ 1T s i, BUERRR, | 0 Smemmmeemmemmmeeer
R3] R g
N,

B2 APEFMEEMERSERNERSEOIES GRS
1 ROS, 1E M4 MAPK, 22 245005 {235 1 MMP, ORISR Nirf2, 2% K+ E2 #H2C K F 2; Bax, Bel-2 #HC X 2 [1; Bel-2, B 4ififditk
["J8 - 2; NLRP3, NOD #5321 T (4 3; PI3K, BEIRMENLEE 3 -3 Akt, 5 G B; CaMKkp, #5018 HARIU: B AR B; AMPK, BT iR
TR S SIRT, JUERME BRI 1

25 AT Tt T P 5 e B R T S LA T R W R
JE, AR —HED 75 254X 80 ) 2725580 (PK-PD ) Bk
B WFFTIMLARIE o

(EAE R, 20 5 E80CRIFER
PARERPEX N . DFRER, THR A 27 e R S 2
FR R T BT R 2R P B0 U A i CERCR LT 4%
PR 24 1) ] BRSNS, $ & v b a4y P R
1ok Z2 R0 SR S SRR A TR, {H S A3 Tl 1) B AR T
LG 3R M I R AATS A pidE— 2P i W
22 FERFH

BB A By, HAERT R
O JUE B P P R B P IS I Rl T2 FR A
O EA SHHT: TR 40 mg/kg AT HH NOX2/
NOX4 41 F19 ROS A= i, F+iss MMP, LiEHTIH T
H 1 Bel-2, FIRIEIH T2 (1 Bax, J80/0 0 LA
TP 38 b 0T 5 R AR 11 P CaMKKB/AMPK
R0 LR R H R QBT R SPUAT 4Rk
A B AE B R Y B 1(SIRTL), 3% Nrf2/
HO-1 38 #% 411 il NLRP3 4 AE /N 74 34 35 24 34 3%
PI3K/Akt il %, 8 /> CK-MB. LDH 1 4 Jfi {5, 2%
C HOBENK, JFK &2 SDH FI ATP 4 il it 3% 125, 411
il ROS 15 519 MerTK Y2 [ 241#, MM FARAE 5
AT IL-1B A1 TNF-o 7K F-); 38 3 TGF-B/Smad2
15518 2R i O WLEF R AR0Y . DA 1%
1% A% 32 138 % PPARa/y-PGC-1o 3l B8 A2 3 i 7 1R

ARG, fE 3 E EAN I M2 B Th 25 £ AL I o e
AR,
23 BEFEHW

B 5 B2 IR T B R sy, T iE
i 2R RN ERC ., O T 1
#] NLRP3-caspase-1-GSDMD %53 %, i /b ] 5 2
W51 ROS . SR AP 45 FlC ILAH M fE 70 @
AL TS Nrf2/SLC7AL1/GPX4 i %, 10
BRBET, B O LA B 45 T A ms: i
H WA CHE 1 Atg7 2R3k, (R 2 I EoRi I BR, 2L
2 1 WD PR (OREAIRAAE SN T B A il 2
(COX2)IE 1, Wi/ I e A2(TXA2) AL . fie #F
HIFIAE 12(PGI2) A A%, Jlds 5 E i i,
24 HALEERS

B LR AR 5T B IR A B RS A, FHBE 7
by B o A X AT A B A3 I s A TR R Y B
RONEEMER I . 2T B 2@ R ROS K
A5 PI3KY/AKt 3 B ok B A w5 0 T BT 2
PR AT 3 TE Nrf2/ARE 3 [ - 417 ] MAPK/JNK/p38
BEIR AL, PR AT 8 SRR B L IR
SERCA2a ik, 15 B 3% 45 #2487 11 HL A7 R4
PO SEE A D i p38-MAPK i /b
P10 M Ry 223053 305 ERK1/2., PI3K/AKt 3 # |-
P Nrf2 2835 3F M mPTP T30 S0 48 1 v] 3
T SIRT3 LAZE A PR ot 19X 7 J8 71 o el i ) e e 22



B RS

20264EX H25 H 444 X

J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026

5 Na™-K'-ATP fifg fil Ca>-ATP i 151 . FaE MMP

RAFGRAPE AR, BRI 1.

Fz1 ABEAEERSEAME R OIS ERMERLE
LN = EAETIE S TR FEFR ORI E = DU
BRIV PR R AU BT /NRIEE: 40,80 tMMP, NO(PEG CaMKKB/AMPKG#ERH;  [24, 31-37]
" o R Y5 FHOCQAN NI mg/kg; 543F) . Bel-2, Nrf2/HO- 13 ;
o W o TR A K E: 20 mg/kg; SIRT1; [NOX2, PI3K/Aktif #; TGF-
oW ad HOC2Z}fi: 50 umol/L. NOX4, Bax, NLRP3; B/Smad2ifl
Ho**\“y,"_‘/‘—w I Mer TK 2%
~ LA
- \‘v/‘%cﬁ}ﬂi
BEY sy L] B R FHOC2AIM  HIc24lffE: 5~40  tMMP, SOD. GSH; NLRP3/caspase-  [33, 40-41, 49-
i JHT AR BRI pmol/L; INLRP3, TXA2 1/GSDMD3# #%; 50]
0 O OBEEEME /NEIE S : 20 mg/kg SIRT1/NLRP3# #%;
O ‘ oH MAPKGH# #
HO (6]
T PR IET 0= /NEEE: 100 mg/ke IROS HFRROS; A [42]
oH PI3K/Akti Fm il it g
oo I S
O \ or PIK3R 175 5 RI 1 454
O—rutinose
OH O
PR R P75 25 FHIC20M  HIC24Mfifd: 25 umol/L  $SOD. Bel-2; |[ROS.  JIANrf2/AREMH; 11 [21, 43-45, 51]
0 Eintii MDA, caspase-3. Bax il MAPK/INK/p38H#i
o s Aoy {k; i PI3K/ Akt
gk | s
HO
PR F25ZiHSOMR M KRIAEE. 60 mgkg  1SERCA2a; [ROS.  ZRELRRIAZE T, K [34,37,45]
HO o OH Ca*' S SERCA2aF51k, a8
o I 1 R 1
HO OH PI3K/Aktll IS A Ak
Ho" ot © s
OH
Sed ATD FE R 5 FHIC2AME  HOC24l: 1 pmol/L MDA, ROS PSR RS M 40 [46]
JHT AR il p38-MAPKG U/
N o W"J}"‘ W
HOJ, Je. : :?‘ (T, %\H },:\,‘ “OH
HO' p 1*) cmo 4;4
iz = P RERAFPRBEMERE  HOC24AE: 1 pmol/L  tNrf2, Bel-2, 14-3-3y; TATHERK /2, [40]
5 FHICA MR T LROS. INK, Bax, PI3K/AktiE %, iR
mPTP N2k, i mPTPIT
L, W PROSF 2
TERRAETT PR RS OMEEEE KBS 30 mg/ke 1SIRT3 ?Ef(‘iﬁSlRTg: %ﬁmlﬁ [47-48]
o 00 ~ou [EIIR
O : HOD\OH
\O o) OH
IR P EE A FHIC2M  HIC24ML: 1 pmol/L 1MMP, Na"-K'- P Na -K -ATPfi [52]
OH et} ATPJifi, Ca>-ATPH§ Ca>-ATPHHEIE, o

MMP, JEBEROS

T 3R FH Y/ B, | FORER/ T ., NOX2 WNADPH4 L2, NOX4 yNADPHA (L i4, Bax Bcl-24H X X & [, Bel-2 BTtk ELI8-2,
SIRT 1 R UTERAE B8 17 HF 1, NLRP3 JINODFE 32 (AR 45 F A5G B 113, MerTK T MerZ 1A 6 2 IR S i, MMP 2R A s e 457, NO Sk —
FALA, SODF B E ALY LG, GSHAA M H K, TXA2 MM ZE A2, MDA KN %, SERCA2a} LI W45 55 F ATP#2a, Nrf2 F 4% H
E2H1 5K 12, mPTP g i A i M40 fL, caspase-3 WP HE R A -3, INK O c-JunZ 35 A Sl , HO- 14 L £T 25 I 4A -1, 14-3-3y M % 4R
3- I AR (0 R 5- BN AR R AT A Ty

3 BERERE

LR 1A Ty RE B A 2 ] g 200 MEERE M O A% 00 UK
SR, LSRN RER ARG | PSR
P& O N e N R AL =R D N L RS

BT Z Moy CAESCRA 2R R R, (RAE

SRt | P R i R AT TS T PR A
i, B HIR R Mg . THRmE 8

ACHERE AT H g CE—H) ), B brE i



B R 25)1S 5

2026 4E X H 25 H 444 X

J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026 7

IR i R B S BE | Po AR AR
bR EY . (B TR 2 IR A=k, sz
LR T DR HR, T S IR - T - T A
AR A B

27/ i 8 R ) I L e O N T T 21
L2 T T 563 17 7T 3 4o 22 0 0 2230 AR 0
B, AR 407 ALy . 29 B B kot
RO AR BN AT 2 . TR R A Bhi T 2591k
. PK-PD BG40 #r K Afv b2, WA E420E )
Jo AR A 1]

55—, HLHIBEIR R A TR . A BIFoT 245
B 7 AR 2 T, S5 SR Az FH o X . T A
BRI S R o - S RS AL S5
AL L i B i P B S A R SRS HE AT o

¢ N 7 R AT = i 1) SR G e e )
20 i ol S ) SR, 1 TC AL X BT R R ALY R D T
BEPERIE R AT 44t , s FEE . TRl %
SR TREAL, % 00 e TT R /NEE AR R &R A I IR
5% o

25 b, S SRt I LA T s i AR A L A
B AL . AL BIFTAE 1Ak BN PRIE S B e AL b A%
U7 ), HESH T B RS Ak S5 0

4 i

THE P& R B S o | BB |
PR SEZ VRO, W PR
kiR o SR AU, iRk PU T SR A
SFZHIRAR KA ORI T, 7 i B 30
PSRBT 1 24 S HEEA T, B 2y 507 “ 2
LS ZIET IR AR . A SCRGRE T
T B FEE T Ry 7 Bl B 28O E B v B 231
B, 127570 Bl PRI FH St — 22 25 0% A 4R 3t
THIES%

[ 2%k

[1] TETTERTON-KELLNER J, JENSEN B C, NGUYEN J. Navi-
gating cancer therapy induced cardiotoxicity: From pathophysi-
ology to treatment innovations[J]. Adv Drug Deliv Rev, 2024,
211: 115361.

(2] W%, sk, B, 5. THRa T M4 BRR 250 B 5 R BUL L
2R MR 05 B O 1 T [0]. 2527 52k, 2019, 37(4): 304-
308.

[3] HUANG CY, QIU S, FAN X C, et al. Evaluation of the effect
of Shengxian Decoction on doxorubicin-induced chronic heart
failure model rats and a multicomponent comparative pharma-
cokinetic study after oral administration in normal and model
rats[J]. Biomed Pharmacother, 2021, 144: 112354.

[4] CHENS,CHENJ W, DU W T, et al. PDE10A inactivation pre-

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

vents doxorubicin-induced cardiotoxicity and tumor growth[J].
Circ Res, 2023, 133(2): 138-157.

ZHANG S, LIU X B, BAWA-KHALFE T, et al. Identification
of the molecular basis of doxorubicin-induced cardiotoxicity[J].
Nat Med, 2012, 18(11): 1639-1642.

YIN J, GUO J B, ZHANG Q, et al. Doxorubicin-induced mi-
tophagy and mitochondrial damage is associated with dysregu-
lation of the PINK1/parkin pathway[J]. Toxicol In Vitro, 2018,
51: 1-10.

ZHUANG J, MA W Z, LAGO C U, et al. Metabolic regulation
of oxygen and redox homeostasis by p53: Lessons from evolu-
tionary biology?[J]. Free Radic Biol Med, 2012, 53(6): 1279-
1285.

TAN N N, LUO HW, LI W L, et al. The dual function of au-
tophagy in doxorubicin-induced cardiotoxicity: Mechanism and
natural products[J]. Semin Cancer Biol, 2025, 109: 83-90.
CAPPETTA D, ESPOSITO G, PIEGARIE, et al. SIRT1 activa-
tion attenuates diastolic dysfunction by reducing cardiac fibro-
sis in a model of anthracycline cardiomyopathy[J]. Int J Cardiol,
2016, 205: 99-110.

SHI S X, CHEN Y, LUO Z J, et al. Role of oxidative stress and
inflammation-related signaling pathways in doxorubicin-in-
duced cardiomyopathy[J]. Cell Commun Signal, 2023, 21(1):
61.

WANG J H, JIANG Y L, ZHU C, et al. Mitochondria-engine
with self-regulation to restore degenerated intervertebral disc
cells via bioenergetic robust hydrogel design[J]. Bioact Mater,
2024, 40: 1-18.

ABDELGHFFAR E A, OBAID W A, ELGAMAL A M, et al.
Pea(Pisum sativum)peel extract attenuates DOX-induced ox-
idative myocardial injury[J]. Biomed Pharmacother, 2021, 143:
112120.

HAN H, ZHANG G J, ZHANG X, et al. Nrf2-mediated ferrop-
tosis inhibition: a novel approach for managing inflammatory
diseases[J]. Inflammopharmacology, 2024, 32(5): 2961-2986.
XIE L H, FEFELOVA N, PAMARTHI S H, et al. Molecular
mechanisms of ferroptosis and relevance to cardiovascular dis-
ease[J]. Cells, 2022, 11(17): 2726.

ICHIKAWA Y, GHANEFAR M, BAYEVA M, et al. Car-
diotoxicity of doxorubicin is mediated through mitochondrial
iron accumulation[J]. J Clin Invest, 2014, 124(2): 617-630.
HAN QC,SHIJL, YUY D, et al. Calycosin alleviates ferrop-
tosis and attenuates doxorubicin-induced myocardial injury via
the Nrf2/SLC7A11/GPX4 signaling pathway[J]. Front Pharma-
col, 2024, 15: 1497733.

RIBEIRO A P D, PEREIRA A G, TODO M C, et al. Pera or-
ange (Citrus sinensis) and Moro orange (Citrus sinensis (L.)
Osbeck) juices attenuate left ventricular dysfunction and oxida-
tive stress and improve myocardial energy metabolism in acute
doxorubicin-induced cardiotoxicity in rats[J]. Nutrition, 2021,
91-92: 111350.

KHALIL H, KANISICAK O, PRASAD V, et al. Fibroblast-spe-
cific TGF-B-Smad2/3 signaling underlies cardiac fibrosis[J]. J
Clin Invest, 2017, 127(10): 3770-3783.

OCTAVIA Y, TOCCHETTI C G, GABRIELSON K L, et al.
Doxorubicin-induced cardiomyopathy: from molecular mecha-
nisms to therapeutic strategies[J]. J Mol Cell Cardiol, 2012,
52(6): 1213-1225.

HANNA A D, LAM A, THAM S, et al. Adverse effects of dox-
orubicin and its metabolic product on cardiac RyR2 and SER-
CA2A[J]. Mol Pharmacol, 2014, 86(4): 438-449.



2R SIS 2026 E X H 25 H #5444 4 X
8 J Pharm Pract Serv, Vol. 44, No. X, xxx 25, 2026

[21] TSCHESCHNER H, MEINHARDT E, SCHLEGEL P, et al. idase derived oxidative stress[J]. Eur J Pharmacol, 2019, 859:
CaMKII activation participates in doxorubicin cardiotoxicity 172490.
and is attenuated by moderate GRP78 overexpression[J]. PLoS [37]  Phmoh, BhE, MEAIER, 4. B XTI RIS K RO AL
One, 2019, 14(4): €0215992. AU ARYE T RIVE R (0] YL9RERZY, 2017, 43(15): 1057-1061.

[22] SHIH, YANG S A, BAI L Y, et al. Mechanism of myocardial [38] JIAY Y,ZUO DY, LI Z Q, et al. Astragaloside IV inhibits
damage induced by doxorubicin via calumenin-regulated mito- doxorubicin-induced cardiomyocyte apoptosis mediated by mi-
chondrial dynamics and the calcium-Cx43 pathway[J]. World J tochondrial apoptotic pathway via activating the PI3K/Akt path-
Cardiol, 2025, 17(5): 104839. way[J]. Chem Pharm Bull, 2014, 62(1): 45-53.

[23] LIU XF, TIAN R M, TAO H L, et al. The cardioprotective po- [39] T, BRIH, TS, 5. B H il b MerTK i
tentials and the involved mechanisms of phenolic acids in drug- [T R 2% 5 R A O IE B (0], BRI EE 22 B 2R 4R, 2021(6): 717-
induced cardiotoxicity[J]. Eur J Pharmacol, 2022, 936: 175362. 721.

[24] FITZGERALD K A, KAGAN ] C. Toll-like receptors and the [40] SHANG W, LI X H, ZENG L H, et al. Mechanistic insights in-
control of immunity[J]. Cell, 2020, 180(6): 1044-1066. to flavonoid subclasses as cardioprotective agents against dox-

[25] WANG Q, WANG B L, TIAN X X, et al. Cardamonin protects orubicin-induced cardiotoxicity: a comprehensive review[J].
against doxorubicin-induced cardiotoxicity in mice by restrain- Drug Des Dev Ther, 2025, 19: 5553-5596.
ing oxidative stress and inflammation associated with Nrf2 sig- [41] %*ﬁﬁ H— 0T, Ak e, 5. BT 4% 2531 o x4 1Y
naling[J]. Biomed Pharmacother, 2020, 122: 109547, FETRME AP A R O LR MR 4 F LIRS (], 2y

[26] CHEN X H, TIAN C, ZHANG Z Q, et al. Astragaloside IV in- %ﬂﬁimu, 2021, 31(3): 209-219.
hibits NLRP3 inflammasome-mediated pyroptosis via activa- [42] LELE K A, PATIL P P, KAKADE S V, et al. Targeting car-
tion of nrf-2/HO-1 signaling pathway and protects against dox- diotoxicity: the potential of Annona squamosa L.in doxoru-
orubicin-induced cardiac dysfunction[J]. Front Biosci, 2023, bicin therapy[J]. Silico Pharmacol, 2025, 13(1): 47.

28(3): 45. [43] YARMOHAMMADI F, REZAEE R, KARIMI G. Natural com-

[27] SZTOLSZTENER K, HODUN K, CHABOWSKI A. a-lipoic pounds against doxorubicin-induced cardiotoxicity: a review on
acid ameliorates inflammation state and oxidative stress by re- the involvement of Nrf2/ARE signaling pathway[J]. Phytother
ducing the content of bioactive lipid derivatives in the left ven- Res, 2021, 35(3): 1163-1175.
tricle of rats fed a high-fat diet[J]. Biochim Biophys Acta BBA [44] SAHU R, DUA T K, DAS S, et al. Wheat phenolics suppress
Mol Basis Dis, 2022, 1868(9): 166440. doxorubicin-induced cardiotoxicity via inhibition of oxidative

[28] MG, SRR, XISChE, 4. 284 05 TH 7 BT os ok e K stress, MAP kinase activation, NF-kB pathway, PI3K/Akt/
SREFREY T [J]. P EEACHZY, 2024, 26(3): 550- mTOR impairment, and cardiac apoptosis[J]. Food Chem Toxi-
565. col, 2019, 125: 503-519.

[29] JIAO G Y, WANG Y J, SONG Y, et al. Combination of ultra- [45] ISMAIL M B, RAJENDRAN P, ABUZAHRA H M, et al.
performance liquid chromatography-quadrupole time-of-flight Mangiferin inhibits apoptosis in doxorubicin-induced vascular
mass spectrometry and network pharmacology to reveal the key endothelial cells via the Nrf2 signaling pathway[J]. Int J Mol
effective compounds and mechanism of Shengxian decoction Sci, 2021, 22(8): 4259.
for ameliorating doxorubicin cardiotoxicity[J]. J Sep Sci, 2024, [46] ZHANG Y J, WU S S, CHEN X M, et al. Saikosaponin D alle-
47(9-10): €2300867. viates DOX-induced cardiac injury in vivo and in vitro[J]. J Car-

(301 #hI, SRR JEFIR, 25, T ZHEHRIRIMIE 19 1 3SR Bk diovase Pharmacol, 2022, 79(4): 558-567.

PE e THBG A IR BT 2 0] A I 2 e ik, 2022, 37(12): [47] ZHANG H L, WENG J F, SUN S M, et al. Ononin alleviates
7423-7427. endoplasmic reticulum stress in doxorubicin-induced cardiotoxi-

[31] HUYC,YUIJZ HE W X, et al. Astragaloside IV intervenes city by activating SIRT3[J]. Toxicol Appl Pharmacol, 2022,
multi-regulatory cell death forms against doxorubicin-induced 452: 116179.
cardiotoxicity by regulating AMPKo2 pathway[J]. Int Im- [48] GONG G W, GANESAN K, XIONG Q P, et al. Anti-invasive
munopharmacol, 2024, 142; 113078. and anti-migratory effects of ononin on human osteosarcoma

[32]  TEIGIY, ZSmp, I, 4 4 B ERh0 F7 508 A BUD LS cells by limiting the MMP2/9 and EGFR-Erk1/2 pathway[J].
U4k K TGF-B/Smad2 3 5 3 1 i 541 [7]. 520 v 22 PRl 2 Cancers, 2023, 15(3): 758.

2, 2025,39(7): 141-143,J517 8. [49]  ZESChR, RGN, s, 45, ST 4% 25 322 F0 4 F X HEER

[33] WANST,QIJY, XIA'Y, et al. Cardiac Slc25a49-mediated en- PRI R 5 DI R LRIBSE (9] D25 257 5
ergy reprogramming governs doxorubicin-induced cardiomy- IR, 2022, 38(1): 110-118.
opathy through the G6P—AP-1-sln axis[J]. Adv Sci, 2025, [50] ZHANG L, FAN C D, JIAO H C, et al. Calycosin alleviates
12(26): 2502163. doxorubicin-induced cardiotoxicity and pyroptosis by inhibiting

[34] AGUSTINIF D, AROZAL W, LOUISA M, et al. Cardioprotec- NLRP3 inflammasome activation[J]. Oxid Med Cell Longev,
tion mechanism of mangiferin on doxorubicin-induced rats: Fo- 2022, 2022: 1733834.
cus on intracellular calcium regulation[J]. Pharm Biol, 2016, [SU1] SRR, A, TR, 5. BRI B B B 3505 & HO
54(7): 1289-1297. <2 0 JULAH B 453 4 1) DR AP VR D (9], o [ 25 B e 4, 2014,

[35] YUX Y, HAN Z D, GUO L L, et al. The novel combination of 30(8): 1059-1065.
astragaloside IV and formononetin protects from doxorubicin- (521 REAES, WS, S, 25 ook Byt 5% Co LA AL £ 1
induced cardiomyopathy by enhancing fatty acid metabolism[J]. FHEH BALRIBSE (1] ZERIEERR 40, 2022, 57(3): 402-
Chin J Nat Med, 2025, 23(10): 1171-1182. 407.

[36] LINJ M, FANG L J, LI H, et al. Astragaloside IV alleviates [KFEHEI] 2026-07-01 [1EEIEHE] 2026-09-29

doxorubicin induced cardiomyopathy by inhibiting NADPH ox-

[ASCmEE]  PRAGH



	1 阿霉素诱导的心脏毒性机制现状
	1.1 TOP2β介导的分子损伤
	1.2 线粒体功能障碍
	1.3 下游效应通路
	1.3.1 氧化应激
	1.3.2 铁死亡
	1.3.3 能量代谢障碍
	1.3.4 钙稳态紊乱

	1.4 线粒体凋亡与炎症反应

	2 升陷汤及其活性成分防护阿霉素心脏毒性的作用机制
	2.1 升陷汤全方与单体的关系及协同潜力
	2.2 黄芪甲苷
	2.3 毛蕊异黄酮
	2.4 其他活性成分

	3 挑战与展望
	4 结论
	参考文献

