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2 LA PIBK/AKT/mTOR {5 S5 BRI
R IL-FERE R A Dt 5

ZOEL SR, FD L EER L KAE, X ke
(LB EG KT, R 712046;2. Bk E G KFWEER, B RIE 712000 )

BE O LB fo B3 72 5145 ( myocardial ischemia reperfusion injury, MIRI ) A 3§ ¥ & 5k dno JUHE £ BT -F- B350
SRR . W T AR A TS £, R ERMEE N S SR, B AT MIRIS T FEOA TR BLIERARRE, B
S, ST R B2 S LA fn B R ARG ER A S AR L B AR AR —, P A RORS AT MIRL 7 @1 £
A S o SwRE, SR EERA, LA BEBEMIRIZAED 6 SR AE  BEISBILEE = 200/ & 98B/ 5
FF¥% G (PBK/AKT/mTOR ) Z 5@ R EMIRI PHEEE X TR AE, TiaL AL ZAMEYFiER, Bl
BBk BE R IER T AR T A A T F, AR EMIRI PR ERER, LFEE T PIBK/AKT/mTOR
A% 53l 70y AR 25 M R L E MIRT P 6948 B, 2 B A7 P 25 S 4kid i3 4% PIBK/AKT/mTOR 8 #9477 MIRI 69 BF .3
Je 7w 35 MIRI 8 By i 32 Ak — 2 69 32 b Sl

%487 : PI3K/AKT/mTOR AZ 53 %5 0 bk fn B 2 4045 5 2 25 384K, AR 50 R
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Research Progress of Traditional Chinese Medicine Monomer Regulating PI3K/AKT/mTOR
Signaling Pathway in the Treatment of Myocardial Ischemia—Reperfusion Injury
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( 1.Shaanxi University of Chinese Medicine, Xianyang 712046, Shaanxi, China; 2.Affiliated Hospital of
Shaanxi University of Traditional Chinese Medicine, Xianyang 712000, Shaanxi, China )

Abstract: Myocardial ischemia reperfusion injury ( MIRI ) refers to the additional cardiac injury
caused by the restoration of ischemic myocardial perfusion. Due to its complex pathogenesis and poor
prognosis, it seriously threatens the physical and mental health of patients. At present, the treatment
of MIRI is limited and the clinical effect is not good. Therefore, how to reduce myocardial ischemia—
reperfusion injury has become one of the key issues of common concern in the cardiovascular field. The
effective components of traditional Chinese medicine have the advantages of multi—component, multi—
channel and multi—target in the treatment of MIRI, which can provide new ideas for reducing MIRI. The
phosphatidylinositol 3—kinase/protein kinase B/rapamycin target protein ( PI3K/AKT/mTOR ) signaling
pathway plays a crucial role in MIRI and can improve MIRI by regulating multiple biological processes,
such as oxidative stress, autophagy, inflammatory response, calcium overload, ferroptosis and apoptosis.
This article reviews the basic structure of the PI3K/AKT/mTOR signaling pathway and its role in MIRI,
and the current research progress of Chinese medicine monomers in the treatment of MIRI by regulating the
PI3K/AKT/mTOR pathway, hoping to provide a theoretical basis for the prevention and treatment of MIRI.

Keywords: PI3K/AKT/mTOR signaling pathway; myocardial ischemia—reperfusion injury; traditional
Chinese medicine monomers; research progress
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JUL SR 1fiL FH-77E 73 51 455 ( myocardial ischemia reperfusion
injury , MIRT )" BE T 42 Co JULZR ML 0 T L0 LA
TE [F1 3 B LA RS LA N BB A0 45, B 4 S B

FE e MIRL &AL &2 2% , S A0 3 A i T
v R T AII P A R e  BE R R L L P9 R
R ERFE T R TR A TS T RE S S H R A R
) AT DA O LRE T e M ST R K
LU ALEIEE SN 22, HATAHF MIRT A9 259 =24 14
LK 22RO RS2 RS AT T 25 A
eI A5 H il T TS A FR , SR g FA YT

EEWE: FRK A AR E 3L 4:(82074380 ); B vE 44 BT 5 AL 0F & 115 50 H (2023-YBSF-200 ); B 74 45 i [ 24 % 3 sy 101 H ( SZY-KJCYC-
2023-022 ); il A 7 A 5 T AF & 1R 5T H (2019K02-87 )3 Jali BH 117 7 P 152 45 A 1397 7k Lo B AR 138 A BA 5T H B4 A0 (2014 )
855 ); BV Hh = 2 K2 B4 100 H (171020323037 ); B 78 v 25 24 K2 I 1 e [ B 4 15 77 H ( 2020MS014)

EERA : 20 1-(1996- ), 22, VUM B AE 32 W5 5 ) < v 7 BE 45 B A O LA B 1 50 S5 IR R SY . E-mail : 1xp6758@163.com,

BIEE RME(1974-), 20 L PE IR, BIBCRZ R F AR B0, 0 F 50 A R0, 8 WIS 5 1) <O IV SRR 1 S5 S5 I AR5 . E-mail :

liudongmindr@163.com,

203



27% ST L O NI B 439

S ey E O R MIRT Y & AL A i
U JLHE 732 2590 I ATE 22 A 1 o I 7857 40 il i 5 it R 114
7] ft

W HE PR LR = 2 I I i / 2 P IR B/ B AR 2%
85 11 ( phosphatidylinositol 3—kinase/protein kinase
B/mechanistic target of rapamycin, PI3K/AKT/mTOR )
R 5B SN S EZE K —, 1]
LLVRE S AN 38 2 0E IR L A g A A R T
45 FEMIRI & 2L & R FE b iy i " BF
3% 2% W] PI3K/AKT/mTOR {5 538 4 & MIRT (1) 51 2L
38 I, R T RE R A 00 AT I AL XTI
KHTBIGYT W B R L ARk, B
Xf Hp F T 9T B AN W R A, & B0 P 2 VA )T MIRL ELA
EL e A LYW Sy o X /i N E R S R g A (8 B
PI3K/AKT/mTOR {5 538 A 20845 MIRL (9 & 4= %
J 0B P AR S PIBK/AKT/mTOR 155 5 38 i 4
2 MIRT PO VE AL Bz 24538 3 PI3BK/AKT/mTOR 15
A A YT MIRT G J7 T 2R 47 2538, LU S 4 )5 b
25 T Y LA KB 25T & B AR 2% 2S00 0 DR o
1 PISK/AKT/mTOR{=Ei@ &

Wi M Tk UL s — 9 L PO A PI3K ) 3 % J2 — 1>
B, R 2P E AR RER R L, BRI
WEB (AKT) J2& PI3KIE % /Y b .0 A i, AKT il
SAEF T UM 5 TR R S BRI 2 AR
( mTOR ), SR 14 5t A [ gt
1.1 PI3K By £k A - AE 5 7

PI3K 2 W N8 Mk L A5 5 0% P 04 1 5 14 Pt AR
P B a5 R R e S o o — 25 T 25
(PI3K o, B.vy.8) . IZ(PIBKC2a. B.y) M,
o T (W98 )12, R 4H i PIBK (1 g4 0,
I ZEPI3KJZ Hy 7 17 I K p85 15 i {1k IV B pl1102H
AR R AR, B — 4l 4 WIAZK(plI0« |
pl10B Flpl1103) FIIBAE(pl10~y), Hi & H £ K A
- 57 A P TR T it ( receptor protein tyrosine kinase,
RTK) ¥ 7%, J& 3% th G B 1 Bk 52 & ( G Protein—
Coupled Receptors, GPCR ) Bw T A B A
KHT [ £ AERKKETF(EGE ) /M AF A4 A4 K K
F(PDGF) FiE S HZ A K HF(IGF) | 4iigH 7 .
TR AR S RTR T, &5 5 FHAH R (1 5 1522 (AR RTK 119
N o &b X 454, 530 RTK B it X A 3551 iy
i 2 1R R 2k & A= H B IiR 1k, PI3K i 4 p85 SH2 I
RTK & & W) 1% 51 L B985 1R 16 —Tyr 5% 3% 2 8] B4 40
VEFH B S4B RTK |, S 2805 PI3K ' 14h, G
T ISR /N G EE P RAS ULTAT I PI3K 10,
1.2 AKT By 25 M9 4R AE 5 ok

AKT J& — Pl 22 ZA 1R / o5 24 FR I 1 , /2 PI3K A5 5
30 00T e I DGR SR ), S SR R AR i A K
FENE G SEANER TG il AN [R] 4 56 PRI 4 1) 3 o vy
FERIJEAY AKT WA ( AKT1 . AKT2 F1 AKT3 ), 4R~ 3F.
I 3 — RSP I N AR 035 5] 72 28 11 ( pleckstrin
homology, PH ) [&] ¥ 45 #4535k . — >0 B fn— A4
CoR IR IH A g5 A 1 20, PIBK I0IH 5 77 A= B W5 g 1
WLEE3,4,5- =W R ( PIP3 ) 24 & 4 PH IR I 4544
I 14 T PEsSOnE A P AK T, I 55 55 S ok JUL TS A0 iR 35
fitf 1 ( phosphoinositidedependent kinase 1, PDK1 ).
PDK2 4 H.AE FH, /2 {8 AKT 1% Serd73 Fil Thr308 {37 A5,
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TR, e AU AKT 2 WS AR RS AKT 6 AT AR T
T UL AR I, A0 mTOR W A B4 -3 ( glycogen
synthase kinase—3, GSK3 ), ¥ 5 55 AT -B (nuclear
transcription factor—B, NF—B ) 25 p= 2 40 it 52 v, 7E4H
MUIEFE A0 B W AR T DL A RE 2 W Al A
KAEANEH LS 5Pk p i >,

1.3 mTOR w9 £5 M9 RFAE & 0%

mTOR Ji& PI3K AH 5C 8 F 3 ( PIKK ) ZE 7% 1)
— 1289 —kDa 22 Z IR / 75 2 IR A5 1 T, 72 I L
N4 v AR 2 B A AT B A A 22 O [ UR
3 A AN W] 52 5 ) i A I 35, Bl mTOR & & #)
1 ( mTORC1, FH mTOR. Raptor. mLST8 . PRAS40 F1
Deptor ZH i ) FlmTOR &4 2 ( mTORC2, 1 mTOR |
Rictor, mLST8 . Deptor, mSin1 I Protor1/2 ¢H %, ) SR
mTORC1 B R U HAX Bl iR 4h P F4E 45 5 1R
-1 ( 4E—binding proteinl ,4E-BP1 ) Fllp704% i 1K 55
F1 S6K 84 i ( p70S6K ), mTORC2VE T F i IE 4
BB I RBE(AGC) B 5% . BRI
S PR RE e DR 2 A5 T I ONE f6 PI3K . AKT Al
R PR TS A TR B AMPK ) 2545 54y 7, 2R i
1 mTOR & & 44, W 12 A6 H T U A% B A4 408 /)N 7
p70S6K FI4EBP1 45 %4 1w PR -5 i) 41 it 1% 80135 Fll 4%
ST, B SR 20 A BRI A S e
2 PIBK/AKT/mTOR ifA3z= MIRI B94E FH#LEI
2.1 FA LM%

AR IV O 38 MUK 1 P 48U reactive oxygens
species, ROS ) AL T e AR i S P A AR B AR R
G2 WL — P A A RS BIR S R R R A
BEAYTHLE 2 RS PR A S 0 Ak Bk
A JE MIRT B9 2 B8R 8 7270, fofe ot P8 3 03 1)
T A S A B TR G | e P A 2 AL I %
FNEALAR H, A% 358 855 404 403 45 , ) A ok 3 ROS, ‘52 3
B T RR AR AL R 97 3 R 58 AR A AR ZE AL
S A A 2 RS S AN A BE X A
T T s B, 34 AT e T OB AR G 7
o PEFLCMPTP ) 55 & A2 8 T 42 ok 5 50 L gl
MAIBET, Fe 5 e 2 MIRT > WFFER I,
W AEIE X ROS A T A PI3K/AKT/mTOR {5 538 [ /2
AL I R AR 10 PIBK/ AKT 3 6 o 1
KR TFLYIM 2 IS T2 (NRF2) 7K, BT
E( MDA ). —%E AL A (O nitric oxide, NO ) PR, THE
A ALY AL SOD ), GPx 4 e H Ik S— 54 2 1l
( glutathione S—transferase , GST ) EEAL A catalase,
CAT ) if LRI A e H K ( glutathione, GSH) Y33k,
VAR SRR B AT L DT A3 MIRT
22 RER B

SENE JZ N SR AILAAR 7 Xof S TR YL (20 2L 405 K
2 0 N T8 A 2 BT, E MIRL [ &2 A & Je o il B 224
FHY . F0E 7 00 0 WILZH i 23 5| 2 s 3 48 i 2
Mo 3OS 40 I A = —6 (interleukin—6, 11.—6 ) IfiL
AL Y N F —a (tumor necrosis factor— o ,
TNF- o ) 4UHEa]Z5 653+ -1 Cintercellular adhesion
molecule—1, ICAM—1) %5 41 Jig + Jf Wk —
A0 LA IR, 410 1] 5 S 432 4R PRI i % i B8 T BTy
MIRI ", WFFE 2B, PI3K/AKT/mTOR {7 33 fif Ji&
LA 9 5iE /2 1 19 3 2298 15 i 44, PI3KGHE i 28 7% 1k



41 2500, 45 P28 BALRTEE PIBK/AKT/mTOR {553 6657 U USRI P35 B ik o 1k e 27%:

J5 09 AKT B0 iS22 mTOR , 52 5] 8 455 U 441 At 334 5
NS L D R IR i VR Y FRE TG PI3K
ANASC AT 38 A TR 32 TR T 2 1A TR T (A See SR I )
BB M 2 AR A S A5 AN M S A5 A2 5| J1iE R R AE
FRAL 5 B BE P IE AKT #E— 20 16 b NF—kB, 175 542 2
PSR AP e St U B a RN /P n 485 1} N L E B 3 |
it 14 28305, AT A Ak DR 1 v Pt 400 i 45 48 MR 4 ity
P2 RGO, S ECIEARE S B LN O L
5 R FSE K B PIBK/AKT/mTOR 15 518 %
BB 2 55 S8 e ) B2 ) MIRT #ERE
2.3 45483

PEIR RPN Ca™ S TH s IF5 R 4 i Py —
ZAN A, T Pl UL L B AR 25 R 0 Ca®t 3 i
TEAE L A2k i, i EOIRAS T 7 41 i 5 v Y
M BEARAR, 78O JUL R 0L F5-E 3 3 A b, 00 LB 1l A
B AR B AR Y Ca™ B Ay, i — 25 1 B0 LA
Wi, ST 22 0 PIBK/AKT/mTOR 38 i3 51 2 5
VEAT A, P Ca™ A5 AR P 2 e R B
Bel-2 5 % i 51 A5 5 B, 3F 107 52 mi MIRT F
AR CERZE IO PI3K A5 5 PR R t—-GRK2 . p—
GRK2 ,p—CaMKII . p—PLC— v Fl p—IP3R 131k, {E.0
JUL Gk 0L P-4 1 S VH 5 Ca” B 0 B A WESE K R
A5 2 B 30 ok 49 0 2k A8 3 PRk B i ROS /Y
A, DT AR 32 MIRT % 4k % J 1), itk PIBK/AKT/
mTOR il 4% BEUL PR T 558 452 i MIRT A& A= & e o
2.4 kT

ERIET I — PR A i AL P BB
o B TURRAE I A AR R A AE T O = O L
FVE RO B S e H IR S e 4 (GPX4 ) RSE
W IR, I finh & i o o AR Ak CUn S AL B AR IR AR ) 1Y)
S, TSSO LA AT BT S0
MIRT 3= B+ P PR 42 I 14 86 ke mT L 3 Toll 5 52
A 444 S PR A B 20 I DS 2 Ve R A1 i 5 Rl IR 3 ik
LA PN Bz 40 0 B4 25 B, DA TTT 5 2 kAo i P a0 A 3
SERE RN WFSY 2 B mTOR GE A 5 .00 JUE 19 8k
a2, HOML I HE o5 R AR 00 UL AN I A0 52 ook B4k A
BRAET 7 AL AR e Ah, BERE R O
A PI3K/AKT {55 538 i o s st -2 5 H A A4
K, It HAE ROS A5 1. LN I AE T v e & 2R
FAY AT WL, PIBK/AKT/mTOR {3 2 3 i 1T 38 aF 74
PO LA IR AE T I R2 0 MIRT BE R .
2.5  E M E

AN WSS BN SR A B AT AR, 4
5 20 i R A W AR RR S B R 0 4 s A5, S MIRT A9
LAl AN R AL TG, 7RO LB L 5
TEULT, A WES S AN M7 0, 76 P50 7 1 )85 5 4
BEFET- 0, [ e g E BA AE TR Ph 1SR 1024 PI3K
5, 125 PI3K A 3 1+ AKT/mTOR 38 B& A 32400 ) [ s,
T 11124 PI3K 3@ 58 5 Beclinl PAH BAE ) BLAEAE 2
W e JL B ML S A4 Y 1 S R I B R RE R
( CLP36 ) {54700 JULAH Bl %252 MIRT ' Gl ifiL P-4 1
HPIE] SO LA At P B8 WA 775 B 2R il 25 P 1 T
SEREAR , DT B0 T -0 0O JUL AR I (i A 0 R 0
PFE RO A )RR GE G ) Al B S Bk
ML 23 e i A L R O RR B L W S R TR R LAY
T TR R A XA G, PIBK/AKT/mTOR 15 5 i 1%

SR A W R ) — SR E R S aE i, S
5 3 I R IS, T e R T e 9 K FE AR
P LA i vl 25 AR 0L L BT R,
PI3K/AKT/mTOR A5 530 4 7] 30 45 U8 453 40 fifg 3 W
Z: 5 MIRI HYBEFE .
2.6 4H T

AL PA T RN RR 6T, i Y AN 2R
fih %2, ML [ =P ROSET a0, SR S EUMIRT Y
BN O LB L A T B, TE BRI B AR S 2 b
FRICN TS & LA B 8 T, i nT ELEE 5 & DNA
AR AR O LA P T, sl i 2L P AL T 92 5E 1Y
Tt i P B 13 R A 22T P, O LA I i PR AR 56 85 1 52
B, A SECO NG T R T E M
Bax L MNP T-76 1 Bel 2 2= 5 IR 4@ =, M
FPIH T AL #R 3L Caspase—3 HUULTH , S ZGm T %G
PEA AL T WFSE & B, PIBK/AKT {5 -3
I PR I T R YT AR B R T AH G PR 9 23R, X MIRI
SO 1) %) JUL 200 i 0 T RS 2 oG TR AR
WbAI, ke afin P v AR AR N B A R R PRI -4 AT G
PI3K/AKT/mTOR 15 5 il %, 15 1k Caspase—3, 175 50>
L4 T, 53X FE 0 PI3K/AKT/mTOR {5 5 i %
] AE A PR DL 0 T2 i MIRTHE &
3 thzZh B {RiFE PISBK/AKT/mMTOR S &8 B& 4 I+
MIRI

5 PRIG YT MIRT 14 259 G145 R 1 32 A4 8351 | o
BB ER SZ RSO VBE AR TT 26 S S BT
A XSG B AR TR — IR B, A R
SCHGHL , {H R MIRTSG BIAIL T &2 2%, 6 B 27T, B
ZIGIRI TS . ITAF2R , B H 245 Bl 7R MIRT 19
VR A FT, & B Hp 5 2 n] i 1k 22 4~ 38 45 V8 5 PI3KY
AKT/mTOR 15538 [ w8 5035 R A 3R (1 5% s R 1
FEIK, A P P AL Y B AT 1 W RSB TS A5
%4557 1T VR T k03 MIRT VL WRSE R W, I R VA T
Z LINE MALE VB i g 2t R 2y o 32,
WEERTIT 25 NS =b 1= EHE IS5, N
THRENAN G 2574 YT MIRT BORHSE % , BUKE T JLAF
PN &N 24 B 5 PIBK/AKT/mTOR {75 53 #5365
I7 G AR R T U 4
3.1 ‘AR

R AT (Saponin ) J2 T T A i ol IEUIE S ek
B — IS, AT T B — 2 EE R N
BRI GY . ASEHETIEME A0
EEAEYIETER S , A1 Rb1 (Gs—Rbl ) J& HAl
BEENAS B PR EEAR A Z—, st
Sl AR AR PR PTE T Y BE R G AR
X PR O WURFFEARAE T WFSE R, A8
T Rb1 38 355 3 16 PI3K/AKT/mTOR 1% 5 i #& A~ (Y 7]
LI ROS . MDA | FLI2 A &l ( LDH ) FN3L T 4 )&
FANE2 (MMP-2) 7K B RE A FEH LI 1T FIE Y
EWEAE Y, AR IV (As—IV ) i ey 2
RSy 22—, LA Bz )1 iR BiEfe
SEVE o A7 V-2 LS B FP 1 TV XU S S 1
HOc2 .U JULAN JE 368 495 B 52 il , &2 B0 4 it = 4 PI3K AT
p—AKT #3503 $E 75, Bachl YA FILFEAL, HO-1
Ry R BN, 35 i PIBK/AKT/mTOR 2 3%
MIRT '™, 28 B 5 1 (GP ) 2 2 B 0 5 A 300
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5y, ELAA F5 PR RE AR AL PO AE A, BfF 35 & B JH i i
1) CHOP 3 [#4% 198 1% PI3K/AKT 3l #4301 il .0 AL
AR T, T[99 L JUL SR ot P v 05 R s
el OV b S R B, =B B RUR S = B R R
( notoginsenoside R1, NGR1 ), BETL TS PIBK/AKT 8 i
e ARG O AR It PR 3 K B0y LA 21 Caspase—3 Fil
Bax 25 [ 14 2235, THE Bel—2 35 (4 19 3235, 1520 L
ARAE AR T PR ILEH 2
3.2 AR

AT AE A DA 255 R A S R R B 4 Y
%0 B SE N Sr 22—, R E S T W 3 IR A B
R S B BT R AL BE 0 LA B R A PTG . R ST
W] 1 AR 4R 5 E MR AE DG 1 ( Beclin—1 | Atg5.
p62 . Atgl2 55 ) F1 4 L J T AH 5C 25 111 ( Caspase—3 .
Caspase—g% ) B2k K, BEAIK Bel—2/Bax 19 LU A1EL,
FESZ #2403 i PI3K/AKT/mTOR {5518 % & 34
ek U e LA BB L PR VAR5 B AR V2 Tk
et g B, BR A 25 0T 38 3 3O PISK/AKT/mTOR
5 538 B REART/ R $145 K R IE T-gn e gcw, -
Caspase—3 ., Bax U X 18 Bel—2, &g ZF 401 1 S 1 75
TE AR R LA I B9 T, NI BEE MIRT, =B H
B (ISL) 2 H B H (14 — Fh 28 35 i % PR g, Hog
Iz Pt o Bulg a4k B i R 8 BUR
SEMEI . A4 AR ot sk SR T B 22 AR S I 1 IR
PI3K. AKT FImTOR @R b /K -, i) PI3K/AKT/
mTOR {75538 4, T ITS [ W, 20 MIRT, ESH 3R
S —Ff B AR TP R B S TR AL S I R T
ZRPPR IIRYT o SEEG A I AR 2K REAS IO PI3K/
AKT/mTOR A5 538 [ , V8 55 £ A8 T b A4 A IR
275 Bel—2/Bax 3%, BH T Casepase3 15 4L, $4i) 41 ifg
F g AR A 5
3.3 AEEnk

T N B R AMEY R AR I s i
TR FARZE , HA W IR V5 K is 53 245
PRAFSE AR , B0 250 vh S B i 2 R E TN Sy,
e N S B 00 R EEAELT S N B ]
38 2 ] PIBK/AKT/mTOR 38 B8/ TNF— o | 1L—6 .
IL— B Fl s i #2245 14 B1 ( HMGB1 ) B9 RES , vk
BONURIAG . BN 2R —Fh A AR Y AR 25,
A= A S T A WIS P RSy, W O TR BT R
AP IRIEE &5y Tn . O LGSR L A SE &5 2R AT 3 A s
PI3K/AKT il B FEAK CK . LDH . MDA 147K -2k 7 2k
PUEAL AT RAE T, LA A O LR B 45 00 S 2
BIHH( EVO ) 2 5% 28 B 5L 52 v 43 25 45 21 14 148 345 1]
S n, B 2R 2y pl sk . SRS sl T am AT
PI3K/AKT/mTOR 55 5 38 i 75 98 T3] 5] Bel-2
F A0 B U8 1355 52 0 Bax 09 3 M, P4 % Caspase—8 .
Caspase—9 . Caspase—3, 1 il .o AL 40 L 9 7=, 3 17 410
i MIRT (ke
34 Wy

JINECCX) BRI RMEY N 00 TR ZE, B
3 152 e 24 55 2 0 ) o LTl A REEAEG o I/ 9555 IXL
B T ELA R 1, WFSE R, )1 S T PI3K/
AKT/mTOR A5 58 i i L8 Bel-2 8511, R JEA2 I
T-%#E [ Bax fll Caspase—3 mRNA 4 7K -8 15 H Wl
4 98 T, 7E MIRLH R 3G 7 EFE O T iy 2
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T EZ YRS, B UE Ui .
PR MPTIPIE SR M. T & Wy s o PI3K/AKT i
I BRAR AL P ROS (BRI PE AR ( miROS ) FIHAH 4R
BH & 7K - 28 i AN M 2o 4R D) RE B0, U A U
AL LR B 5057 e P F e e A PR RR iz v R
B g —Fh i 251 A5 e B A A BT R BT IR T A
JrttiE Tz . PR i i ok 31 ] PI3K/AKT/mTOR
(EREE N Caspase—3 Fll Bax LIk, BEIN Bel-2 3%
5, AT D LA B T, k36 MIRT 7,
3.5 WEk

FA AR PO TR 2 SR IR T AR R ZE 005 2 mh 2 1e &5
Yy, F WG AT a5 56 A B A R P R 3 A PI3KY
AKT/mTOR 3 [ ol 55 40 A0 N 38, S IL-6 L IL-1 B .
TNF— o FTL-8 25412 & 41 i IR 7 19 ™= A=, DT 32k 3|
PUMIRT B9IEIT R0 . HEFH S —Fh AHE F s Hr
£/ QIS BN Ty LY e Y Al B S W S 717/ - 7111 e 5]
W PR 975 45 2 Fh AR W 3% Mo o0 WL B i P E T, AE
T A $1 1 PI3K/AKT/mTOR 3 & vk /b 14 Wi A 56 25
Y 238 M HAEAR S R PR A BER AT AL 350 WL
07, e MIRT 7™, S8 Fa 1 2 S5 ) AR 25 v i i
H Y =5 RS, WFSE s S 2 AT
PI3K/AKT/mTOR A5 53 i~ Y8 I8 T-4H < B 7 ( Bel—
2. Caspase-3 SE ) MR YERF(IL-1 . IL-6 I TNF- o
), N2 MIRTBE)E 7

IR ], B (AS BT AT &
JEEF BRI (RS R R R
R WIS (ONBERR IET R R A ).
B2 ONE T & JF R By ) w2 AR B HE T
T S22 T ) 2y BB i PIBK/AKT/mTOR 15 55 3 %
Hr k35 MIRI,
4 £5iF

rfr 24 BAA JE 42 PISK/AKT/mTOR {5 51 f& 3 9
HAEHLE (1) B PIBK/AKT/mTOR 28K 52 15, i
AU LA LR T, H2 v FERE 1 O L AR I PR A7 00 255,
e U A, WA ZE 28 952 975 19 & J% 5 ( 2) FI il PI3K/
AKT/mTOR 5 5 §l1 , BEAK 5 Ak 1 38 7K -, 31 il 5 1
2 PR 7 43 i, IR B AR ORE T N, IR A T E 1R 0 UL
fazs, By ik —2 A0 LR . PIBK/AKT/mTORAF
Sl FEAE MIRT A L ANIA YT 1000 S B A o, S
MIRIYA YT B — 387 D400 I, v 24 AR il A= 7% 1
A SRR e A i AR, A HE LR MIRT R $2 44k
TOHTR S IT I RIGY T PR AL T R L

TS HTRMIF LY 3 1, U AT X 408 A4 I 5 ek
kil Z2 A i 25 T SR PR AR S AN, IRTF TR A
R SEUE (1) AT 5T A5 80 E 2R A T3yl
A0 L S 56, X H 24 SRR U6 MR AR 43 7E MIRT AR
Hrb R DI YT R, 1 A8 A TR I PR 56 SR
Jin RABAUE , DA A 5L A0 N T B Rl 25 5 A st
(2) TP 24 543 % PI3K/AKT/mTOR 3% — ¢ 8%
5308 [ W AE B L) DR P AL, B R AT AR
HAZ Fe vk e HARAYE A 2K o 17 22 4 18 B 5( 3 ) MIRT
g B PR R AT A, Lk R R P 2 AR S
1 K Z FivfE 5 40 7 0K S5 EME , TR fi BT 3 2B 1
53 B T8] ) 38 HAE S PR R 08, X 4 AT B A
MIRT 14 43 F MLl 2 56 i 92, £FXF bl [n) 8,
St 14 WIF 5 N FEE ST 7R U S ) 4 IS S S ) 92 B R Al



41 ZR0, A P2 BRI PISK/AKT/mTOR 5 S A Y 70 USRI PR A 5 T 9 4

27 %

e, B R P b A R ] g R RO, R A R R

5wl ik e s /0N BRURE 1Y, 38 el RS i R 4 R E S Sl

i, ke 48 s v 245 A SO Sy B AR P AR 0 00 AR

RS EPBOCHR, X /WAL BB UEE N5

YE ML, I8 68 2 3R 3 AN [R5 538 1 h] 0% P [5) 4

PR g PR ) TR B S 38 28 HE B I R 5,

VLB VAl v 25 B A 2500 43 7E MIRTAR 25 v iy

YRIT RO, il PR 32 AL 5L T 6 1IE B2 2 1 T Sy ok

WS Z2WM2NRIT T RS %, Edx— R

207, AT B T8 4342 98 0 & #4254 MIRIVR YT

Hh E’JZE’—%H:%‘ R SR TR IN & A A AR T

ﬁ A< o

=% Iﬁif(

[1] VIRANIS S, ALONSO A, BENJAMIN E J, et al. Heart Disease
and Stroke Statistics—2020 Update: A Report From the American
Heart Association[ J |. Circulation,2020,141 (9 ): e139-e596.

[2] FRANCISCO J, DEL R D. Inflammation in Myocardial Ischemia/
Reperfusion Injury: Underlying Mechanisms and Therapeutic
Potential [ J |. Antioxidants ( Basel ),2023,12 (11 ): 1944.

[3] OTAKA N, SHIBATA R, OHASHI K, et al. Myonectin is
an Exercise—Induced Myokine That Protects the Heart From
Ischemia—Reperfusion Injury[ J 1. Circ Res,2018,123 (12):
1326-1338.

[4] TAHA H, SHAKER M M. Percutaneous management of
reperfusion arrhythmias during primary percutaneous coronary
intervention: a case report[ J]. Egypt Heart J,2021,73 (1 ): 30.

[5] XULJ, CHEN R C, MA X Y, et al. Scutellarin protects against
myocardial ischemia-reperfusion injury by suppressing NLRP3
inflammasome activation[ J |. Phytomedicine, 2020,68: 153169.

[6] TSAICF, SUHH, CHEN K M, et al. Paconol Protects Against
Myocardial Ischemia/Reperfusion—Induced Injury by Mediating
Apoptosis and Autophagy Crosstalk[ J ]. Front Pharmacol,2020,
11:586498.

[7] KOEPPEN M, LEE J W, SEO S W, et al. Hypoxia—inducible
factor 2—alpha—dependent induction of amphiregulin dampens
myocardial ischemia—reperfusion injury[ J ]. Nat Commun,2018,
9(1):816.

[8] HAUSENLOY D J, YELLON D M. Myocardial ischemia—
reperfusion injury: a neglected therapeutic Iarget[ J1.7J Clin
Invest,2013,123 (1 ): 92-100.

[9] YANG H, XUE W, DING C, et al. Vitexin Mitigates Myocardial

Ischemia/Reperfusion Injury in Rats by Regulating Mitochondrial

Dysfunction via Epacl-Rapl Signaling[ J . Oxid Med Cell

Longev,2021,2021:9921982.

XING N, LONG X T, ZHANG H J, et al. Research progress on

effects of traditional Chinese medicine on myocardial ischemia—

[10]

reperfusion injury: A review| J |. Front Pharmacol,2022,13:
1055248.

HUANG J, CHEN L, WU J, et al. Targeting the PI3K/AKT/
mTOR Signaling Pathway in the Treatment of Human Diseases:
Current Status, Trends, and Solutions[ J ]. J Med Chem,2022,
65(24): 16033-16061.

MR, TSRS, o FU, S 25 A0 32 5 3R 0E 5 PIBK-
Akt—mTOR {55 8 5 VAl 72 240 0 1 00 Co JULGR oL 13988 V3 4544
KEM IR ERFGELT ], e 24527 4H2,2020,48 (8): 19-
24.

ARHE, FERL, TSR, S A 2B IO LB I A R B 45 1Y
SCEkIH R AT [ ] P25, 2022,33 (21): 2590-2596.
QIN G W, LU P, PENG L, et al. Ginsenoside Rb1 Inhibits
Cardiomyocyte Autophagy via PI3K/Akt/mTOR Signaling
Pathway and Reduces Myocardial Ischemia/Reperfusion
Injury[ J J. Am J Chin Med,2021,49( 8 ): 1913-1927.
DELEYTO-SELDAS N, EFEYAN A. The mTOR-Autophagy
Axis and the Control of Metabolism[ J |. Front Cell Dev Biol,
2021,9: 655731.

GLAVIANO A, FOO A, LAM H Y, et al. PI3K/AKT/mTOR

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

signaling transduction pathway and targeted therapies in
cancer| J |. Mol Cancer,2023,22(1): 138.

JAE g, AT, AT, 45 . PI3K/AK 530 58 7 1 i <
TR = T I F I BR [T ] R G PRZG B 24 2475, 2022,
38(22):2779-2782.

ACOSTA-MARTINEZ M, CABAIL M Z. The PI3K/Akt Pathway
in Meta—Inflammation[ J ]. Int J Mol Sei, 2022,23 (23 ): 15330.
GUO H, GERMAN P, BAIS, et al. The PI3K/AKT Pathway and
Renal Cell Carcinomal J ]. J Genet Genomics,2015,42 (7).
343-353.

LONG H Z, CHENG Y, ZHOU Z W, et al. PI3K/AKT Signal
Pathway: A Target of Natural Products in the Prevention and
Treatment of Alzheimer's Disease and Parkinson's Disease[ J .
Front Pharmacol ,2021,12: 648636.

TRUIEE, WO, VL 3G, SF . b 2 SRR % PISK/AKL 5 5
T BB R B BT RE R [0 ] R 25 57 ,2023,34 (19):
2427-2432.

ZHONG J, DING S, ZHANG X, et al. To Investigate the
Occurrence and Development of Colorectal Cancer Based on
the PI3K/AKT/mTOR Signaling Pathway [ J ]. Front Biosci
( Landmark Ed ),2023,28 (2 ): 37.

LIU G Y, SABATINI D M. mTOR at the nexus of nutrition,
growth, ageing and disease[ J ]. Nat Rev Mol Cell Biol,2020,21
(4):183-203.

MAO B, ZHANG Q, MA L, et al. Overview of Research into
mTOR Inhibitors[ J |. Molecules,2022,27 ( 16 ): 5295.

DRW), F24H, T, . 2 mTOR {5 5 8 BRiA YT
Bl AR A T R SEEIR [T ). v ISR R AR Ak, 2024,
30(11):265-272.

OB IH, BFERME, 221G, 45 . o s 2 R 95 S Ak B R A5
3B R SR %ﬂ?”ﬁﬁﬁﬁﬁ R[], A E S R AR,
2024,30( 18 ): 260-269.

LI H, XIA Z, CHEN Y, et al. Mechanism and Therapies of
Oxidative Stress—Mediated Cell Death in Ischemia Reperfusion
Injury[ J ]. Oxid Med Cell Longev,2018,2018: 2910643.

HE J, LIU D, ZHAO L, et al. Myocardial ischemia/reperfusion
injury: Mechanisms of injury and implications for management
(Review ) [ J ]. Exp Ther Med,2022,23 (6 ): 430.

YANG C F. Clinical manifestations and basic mechanisms of
myocardial ischemia/reperfusion injury[ J1.CiJiYiXueZa
Zhi,2018,30 (4 ): 209-215.

KURIAN G A, RAJAGOPAL R, VEDANTHAM 8, et al. The
Role of Oxidative Stress in Myocardial Ischemia and Reperfusion
Injury and Remodeling: Revisited[ J ]. Oxid Med Cell Longev,
2016,2016: 1656450.

HOXHAJ G, MANNING B D. The PI3K-AKT network at the
interface of oncogenic signalling and cancer metabolism/[ J |.
Nat Rev Cancer,2020,20( 2 ): 74-88.

kR N < S B S N RO PN WY [ RERE RE R R
JERVER N AEZm () ). v PR 24 94, 2019, 16 (20): 13-
16.

BZR, TE IR, AR . 2 o DR B WL AR o -39
i bJHTJ( PRI R 2 [ ] B 88 R ALK 2% 2 4k, 2019,
42(1): 42-46.

KTk HEE A MO, % ST PIBK/AKT/mTOR {55 3
PR R B R JXT?\ SO ﬁﬂmﬁﬁﬁﬂméﬁalkfa‘mh SRS
PRLE] () ) I RAT ARG 2%, 2024,40 (2 ): 312-318.
ReAeaz, 2R EN . PI3K/AKYmTOR 3 B 58 E AR L b4y
THURIBETS U [ 1], 2527055, 2018,37 (4 ): 226-229.
VIOLA H M, JORDAN M C, ROOS K P, et al. Decreased
myocardial injury and improved contractility after administration
of a peptide derived against the alpha—interacting domain of the
L~type calcium channel[ J ]. ] Am Heart Assoc,2014,3 (3):
e961.

YE J, WANG R, WANG M, et al. Hydroxysafflor Yellow
A Ameliorates Myocardial Ischemia/Reperfusion Injury by
Suppressing Calcium Overload and Apoptosis[ J |. Oxid Med
Cell Longev,2021,2021: 6643615.

MURPHY E, STEENBERGEN C. Mechanisms underlying acute

207



27 % i 7

hoE 2

P 4 1]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]
[57]

[58]

protection from cardiac ischemia—-reperfusion injury[ T1. Physiol
Rev,2008,88(2): 581-609.

GAO T, YANG P, FU D, et al. The protective effect of allicin
on myocardial ischemia—reperfusion by inhibition of Ca(2+)
overload—induced cardiomyocyte apoptosis via the PI3K/GRK2/
PLC—-gamma/IP3R signaling pathway[ J ]. Aging ( Albany NY ),
2021,13(15): 19643-19656.

DUONG Q V,HOFFMAN A,ZHONG K, et al. Calcium overload
decreases net free radical emission in cardiac mitochondrial J |.
Mitochondrion, 2020,51: 126-139.

XIE L H, FEFELOVA N, PAMARTHI S H, et al. Molecular
Mechanisms of Ferroptosis and Relevance to Cardiovascular
Disease| J ]. Cells,2022,11( 17 ): 2726.

FANG X, ARDEHALI H, MIN J, et al. The molecular and
metabolic landscape of iron and ferroptosis in cardiovascular
disease[ J ]. Nat Rev Cardiol ,2023,20( 1 ): 7-23.

BABA Y, HIGA J K, SHIMADA B K, et al. Protective effects
of the mechanistic target of rapamycin against excess iron and
ferroptosis in cardiomyocytes[ J ]. Am J Physiol Heart Circ
Physiol ,2018,314 (3 ): H659-H668.

LI N, WANG W, ZHOU H, et al. Ferritinophagy-mediated
ferroptosis is involved in sepsis—induced cardiac injury[ J ].
Free Radic Biol Med,2020,160: 303-318.

ZEHE RV, M B . BT mTORGE B v BE 245 P8 a0
LBk AL/ PR B T A R IT R [ ] ] rh e rh e 2
#2,2021,36 (12): 7242-7247.

HUANG K'Y, WANG J N, ZHOU Y Y, et al. Antithrombin IIT
Alleviates Myocardial Ischemia/Reperfusion Injury by Inhibiting
Excessive Autophagy in a Phosphoinositide 3-Kinase/Akt—
Dependent Manner[ J ]. Front Pharmacol, 2019, 10: 516.

SHI B, MA M, ZHENG Y, et al. mTOR and Beclinl: Two
key autophagy-related molecules and their roles in myocardial
ischemia/reperfusion injury[ J1.7JcCell Physiol ,2019,234 (8 ):
12562-12568.

WA, KA, ZE S0, A 2R AT IS RS O LB I P
TR0 A W oE e [ 7 ], bl v R 25 B 2%, 2020,
27(12): 130-134.

KLIONSKY D J, PETRONI G, AMARAVADI R K, et al.
Autophagy in major human diseases [ J ] . EMBO J,2021,40
(19): e108863.

AR, AR, AT, 45 . BTSI b R 845 PIBK/AKT/mTOR
A C WU P AR S FE [ ). AR
%4i,2023,43 (13 ): 3280-3285.

75 M S . miRNAs 75O LB P78 40045 240 B 0 T v
FERIRORITFEHERE [ ) 1. R B2 1), 2023, 25 (5): 471-477.
CHENG X, HU J, WANG Y, et al. Effects of Dexmedetomidine
Postconditioning on Myocardial Ischemia/Reperfusion Injury
in Diabetic Rats: Role of the PI3K/Akt-Dependent Signaling
Pathway[ J ]. J Diabetes Res,2018,2018: 3071959.

YAO E, LUO L, LIN C, et al. OEA alleviates apoptosis in
diabetic rats with myocardial ischemia/reperfusion injury by
regulating the PI3K/Akt signaling pathway through activation of
TRPV1 [ J ]. Front Pharmacol 2022, 13: 964475.

TONG X, CHEN J, LIU W, et al. LncRNA LSINCT5/miR-222
regulates myocardial ischemia—reperfusion injury through PI3K/
AKT pathway[ J 1.1 Thromb Thrombolysis,2021,52 (3):720-
729.

YAO M, ZHANG J, LI Z, et al. Liraglutide Protects Nucleus
Pulposus Cells Against High-Glucose Induced Apoptosis
by Activating PI3K/Akt/ mTOR/Caspase—-3 and PI3K/Akt/
GSK3beta/Caspase—3 Signaling Pathways[ J ]. Front Med
( Lausanne ),2021,8: 630962.

ZEFE, AT AR, A L 2 IO LR L PR AR A
ROCHEMETEHER () ], h AR BE24241),2022,40 (10 ): 8-11.
AT R X5 AR NS BT Re LR LA 4L Ab
WA RIET [ ], ThEE2,2023,54 (24 ): 8117-8126.
QIN G W, LU P, PENG L, et al. Ginsenoside Rb1 Inhibits
Cardiomyocyte Autophagy via PI3K/Akt/mTOR Signaling
Pathway and Reduces Myocardial Ischemia/Reperfusion

208

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Injury[ J ]. Am J Chin Med,2021,49 (8 ): 1913-1927.

YANG P, ZHOU Y, XIA Q, et al. Astragaloside IV Regulates
the PI3K/Akt/HO-1 Signaling Pathway and Inhibits H9¢2
Cardiomyocyte Injury Induced by Hypoxia—Reoxygenation| J |.
Biol Pharm Bull,2019,42 (5 ): 721-727.

YU H, ZHANG H, ZHAO W, et al. Gypenoside Protects
against Myocardial Ischemia—Reperfusion Injury by Inhibiting
Cardiomyocytes Apoptosis via Inhibition of CHOP Pathway and
Activation of PI3K/Akt Pathway In Vivo and In Vitro[ J |. Cell
Physiol Biochem,2016,39 ( 1 ): 123-136.

JE RN = S R4 3O LBt P T 4 A5
KB PR VE F B AH LI ST [0 ] v I R 24 B2 4%
#,2019,35 (20 ): 2589-2592.

BAL J, WANG Q, QI J, et al. Promoting effect of baicalin on
nitric oxide production in CMECs via activating the PI3K-AKT-
eNOS pathway attenuates myocardial ischemia—reperfusion
injury[ J ]. Phytomedicine,2019,63: 153035.

TIAN Z, TANG C, WANG Z. Neuroprotective effect of
ginkgetin in experimental cerebral ischemia/reperfusion via
apoptosis inhibition and PI3K/Akt/mTOR signaling pathway
activation| ] ]. J Cell Biochem,2019,120( 10 ): 18487-18495.
HE J, PENG H, WANG M, et al. Isoliquiritigenin inhibits TGF-
betal-induced fibrogenesis through activating autophagy via
PI3K/AKT/mTOR pathway in MRC-5 cells[ J ]. Acta Biochim
Biophys Sin ( Shanghai ),2020,52( 8 ): 810-820.

WANG L, JIANG W, WANG J, et al. Puerarin inhibits
FUNDC1-mediated mitochondrial autophagy and CSE—-induced
apoptosis of human bronchial epithelial cells by activating the
PI3K/AKT/mTOR signaling pathway[ J ]. Aging ( Albany NY ),
2022,14(3): 1253-1264.

WARBH , Shga A8, sRAEHA , 45 . B34 h A Wi Lo BBtz M 45
s A AR FBLI AR ST I [T ] o v S 2R 24 4, 2023
(12): 1260-1266.

WANG J, WANG L, LOU G H, et al. Coptidis Rhizoma:
a comprehensive review of its traditional uses, botany,
phytochemistry, pharmacology and toxicology[ J |. Pharm Biol,
2019,57 (1): 193-225.

LI J, WU J, HUANG J, et al. Uncovering the Effect and
Mechanism of Rhizoma Corydalis on Myocardial Infarction
Through an Integrated Network Pharmacology Approach and
Experimental Verification[ J . Front Pharmacol,2022,13:
927488.

LUO C, Al]J, REN E, et al. Research progress on evodiamine,
a bioactive alkaloid of Evodiae fructus: Focus on its anti—cancer
activity and bioavailability ( Review ) [J]. Exp Ther Med,
2021,22(5): 1327.

LI D, LONG Y, YU S, et al. Research Advances in Cardio—
Cerebrovascular Diseases of Ligusticum chuanxiong Hort[ J 1.
Front Pharmacol ,2021,12: 832673.

ZHANG Z D, YANG Y J, LIU X W, et al. The Protective
Effect of Aspirin Eugenol Ester on Oxidative Stress to PC12
Cells Stimulated with H,0, through Regulating PI3K/Akt Signal
Pathway[ J 1. Oxid Med Cell Longev,2021,2021: 5527475.
VELLASAMY S, MURUGAN D, ABAS R, et al. Biological
Activities of Paeonol in Cardiovascular Diseases: A Review[ J .
Molecules,2021,26 (16 ); 4976.

WANG M, HU R, WANG Y, et al. Atractylenolide III
Attenuates Muscle Wasting in Chronic Kidney Disease via the
Oxidative Stress—Mediated PI3K/AKT/mTOR Pathway![ J |.
Oxid Med Cell Longev,2019,2019: 1875471.

LIU L, WU Q, CHEN Y, et al. Updated Pharmacological
Effects, Molecular Mechanisms, and Therapeutic Potential of
Natural Product Geniposide[ J 1. Molecules,2022,27 (10):
3319.

FRIRLL . S0 34 D 38 5 410 PI3K/AKT/mTOR 38 41 JF il
g AS49 AN F W AN TR ALHIFSE [ D . A8 ZEfEE
R, 2023.



