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[ Abstract]  Acute myocardial infarction (AMI) is a serious cardiovascular disease, which can lead to coronary artery
occlusion, long—term ischemia, hypoxia, and thereby impair heart function. Currently, reperfusion is the preferred treatment
for patients with AMI. However, myocardial ischemia-reperfusion injury (MIRI) may occur in some patients after the ischemic
myocardium restores blood flow, which can seriously hinder the therapeutic effect and prognosis of patients. Therefore, how to
prevent MIRI has become an urgent problem to be solved during the reperfusion therapy of AMI patients. This article reviews
previous relevant literature and finds that the PI3K/Akt and NF-k B signaling pathways are involved in the occurrence and
development of MIRI by regulating oxidative stress, calcium overload, inflammatory response, cardiomyocyte apoptosis and iron
death. While traditional Chinese medicine has the advantages of multi—component, multi—pathway, multi—target, low price and few
adverse reactions, which can provide a new idea for the prevention and treatment of MIRI. Based on this, from the perspective of
PI3K/Akt and NF-k B signaling pathways, the mechanism of TCM monomer and its effective components, TCM compounds and
preparations for the prevention and treatment of MIRI was discussed in this paper, in order to provide theoretical support for the
clinical use of TCM for the prevention and treatment of MIRI.
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2R D IESE (acute myocardial infarction, AMI) &
SEEAR Bk AT T 5 O MRS Rt . R AR T 450 400 D BE 11— o
PR MR, HAET R E R Eb Y L BT,
TSR AMIR E EIG YT 5, H SR IBUA AT 84 e
ARBIKA ATETT A PGH IS Bl Co LA LT, SR8 43 F8
i LR SR ML i 2 A A0 LR I P 1452405 ( myocardial
ischemia—reperfusion injury, MIRL) , X438 @it & 1A
SPRCR AT, (H 241 R R BN L A BN ITSE, MIRI
B I R o 5 R e R )R 20 MIRTAAGIN R 2, Hok /b
K JRIIVEAR > TR AR e AW . WFFERDT, PI3K/Akt,
NF- w BI& 538 s 5 MIRTIY 5 8 R L S R s U0 AR G
WEGHAZMIr . 2R A IRIK. AR
RS, A MIRTEB AR AERT B L STk, Ay
JEIMHT T PI3K/AKL, NF-« Bf& 51l 52 5 MIRIA 4 K A HL
i, ARG HETFPI3K/AKL, NF- « BI& 530 BT 1 2 s fk K
FAROSy . 2507 RRFIB A MIRT AL, LAY A it R
R EE 2B IAMIR IR LR 8 3 5
1 PI3K/Akt, NF-k BIESEHS5MIRIA & & R

MIRTAY A i Je Z R R R AR AT, HBTA CHIFSE &
B, PI3K/Akt, NF-« BfF5 i % 20 o s b . 55
M RISV . DNV T . BRIET 5511 2 S MIRIY &
R
ORI = AT G =R AR Ci=L EN A =R i =R f (RIS T S
HALHG—FRTS . FE s, TEHEA (reactive oxygen
species, ROS) 7K V-5 F i ] GEif i PI3K/Aktf5 538 {2
PENF- k BEYHIHIZE 4 (inhibitor of NF-«k B, Tk B) HJiZ %
TR AR, SRJ5 1 0L PENF -  BAYTE Ak R 5 20 L4 A
T, HEMSEMIRI R A 7 L CALSE T BRSE A BL, — R
LR DN A Z % 119 A U4 K Humanin 5838 33 PI3K/ A k{5558
T T T R BRI (Janus kinase 2, JAK2) /M55SR
S E T3 ( signal transducer and activator of transcription
3, STAT3) {5 ‘53l B A AMPYE LA A ( AMP-activated
protein kinase, AMPK ) 55 i@, #MHINF-« Bf5 5@,
AT AR, E T AEMIR TR 2 R E . PR,
PI3K/Akt. NF- k Bf55- I ] 1 4% AR 330 2 S5 MIRI
MR K
1.2 PR R R AN A B B VR B S TR i — b B
g, AT AR R R B0 O WU 5 R, O JLAR i 4
BB EEER O BREOR, PI3K/AKYE S
SR FE BT A AN ( mesenchymal stem cell-extracellular
vesicles, MSC-EV ) 43l i k0o W 19 E B IR 22—,
A7k WA RS AR L AR R, EShkS
4575 (transverse aortic constriction, TAC ) FEEAY/]N B ERAS
Dy VRS2 R, O LA M e /485 8 2% 4 1 2 1 Vi
Il § (calcium/calmodulin—-dependent protein kinase 1T & ,
CaMK I & ) 7E5H 2 /E T Rl NF- « Bf5 S5 E
RAESTRL, T B0 TS, dE— B MIRIREE ),
Ieoh, AR, S FEE N BEROSHY 5% Tt &
HRPERKFR, HIHRIEMIRIG & A e 5 ik,

PI3K/Akt, NF- B33 % Al i b 8 55 25 M 401 2 5 MIRIY
1.3 RIERN  RIEEAVRM—FHOm RN, 2 FECONLG
MG R BRI, WFSE R, PI3K/AKUE S8 1% nl DL
ZRSRER T, AEIL-6. IL-1B FITNF- o "5, TollFEZ{A
4 (Toll-like receptor 4, TLR4) JE—FMHANZIK, 1EHSHAE
ST RIS NF- k BA 53 K A i v R 45 2 s /R e
T PI3K/ Akt 53 B B AT I TLR 419235 7, AT
HINF- w« BI5 58 B oS L w O GUh -1
IL-6. TNF- o« {2 R EF MR, TIRBcl2AHEXE H i
( Bel2-associated X protein, Bax ) N e 2R R A A FR B
il ( cysteine aspartate protease, Caspase ) 3R, S
VB UL B 1 R AE B 7 AN O LA LR T, B 23k BBl
JAMIRIE Y 10, Bk, PI3K/Akt. NF-« B 55 1 vl i
TE RS S SN 1T 2 5 MIRIF & A2 K R

L4 DUUEIET. ORI T — R R A RS T,
A Z5MIRIE A KRR A fE 20 . BFFE BoR, PI3K/AKE
S B R OCHE N ARSI ST R IR AR N T o
(hypoxia inducible factor 1 alpha, HIF-1a ) . Bel-2f33k
K, BRI Bax A FA KT, SRR AR BRI B 1, AT 4 il
OO LR T AR ROS K 1 L A BFSE R, MIRIE
A FEH, ROS/KF- S8 T AV AR ST NT - « BIE 538
S 1F:E71 0 Wi =4 = 120 B X1 B 1 O (11187 3 el S R e
Sy, Bl SERNEMIRIFE 2 Hik,
PI3K/Akt, NF-« Bf5F Sl i vl i Ay O Al M T & 5
MIRIAY A A R

1.5 BRFET:  BRAET-JE — PPk B MO PR R UA TR 2L
HMIAET: . FEMIRDWIN], K&k 8k Ak 2R b Bk i o
BB, TS ECL UL Y A
Tkt A b 4 ( glutathione peroxidase 4, GPX4) 1A
H K (glutathione, GSH ) 1553 [ & HLAA B A5 2k 6T~ 19
FEGEM P WIS ER, PI3K/AKUE S B 0O I g
TG AL HIF-1 o Jf F VN FE2FH K72 (nuclear factor
erythroid 2-related factor 2, Nef2) . FLEhY &A% =
H ( mammalian target of rapamycin, mTOR ) , M\ Ifij i 4% 5%
PR AL HECPX AR Rk, 2 M4 5 240 X 2R BT T 1 41K
iR S . AR, NF- k BiSS3 wk i 5 7T L
{RIEAR R 20 I F A GPXARg 25, DTl .Co AILEH i 4k 4t
T2 B, PISK/AKt, NF—k B 538 B Al 3 i 5 ik
PETTT S 5 MIRIAN & K R

2 HEZHETPI3K/Akt, NF- k B{5S1E B iAMIRIFIHLE
2.1 PR RO RUR S T2 SR R A ROy 32
3L BTG PISK/A KR 5 30 DL A HINF - k B -5-3 HORl
MIRT, HADIsERE | w2, $525. Ay, Xk E, H
P FML B EALSE B e/ T PI3K/AKL, NF-« BfE538
P G BE PR T DL RGE A T A R AR N AN R L 4%
A 457 IR 5ME ] TPISK/Akt . NF-k BIE S, W3k

3, 29-59
1 [ ] .
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R PR R RN FE T PI3K/AKL, NF- « BIE S5 BB iR
MIRIF L]

Table 1 Mechanism of traditional Chinese medicine monomers and their
active ingredients in preventing and treating MIRI based on the PI3K/Akt
and NF- k B signaling pathways

R ik SRR TEHIBL
LA /N7 4 W MIEPIBK/AKE S
HZ HH A R BIRPIBK/AKE SR
B FERE WK MIRPIBK/AKS S
B BRE WL BIRPIBK/AKE SR
SWIL. Al AREZ WHEE  MHINF- « BIE Sl B A
at FRLEROEA WL HINE- « BIE SRS
1% FEBHEIT A WL AIHINE- « B S BT
KEE KEE HEE HHINE- « BES SRS
HRL VE e W HIHINE- « B SE AR
JEAL AL W% WEPIBK/AKLE Sl B
KAt Eﬁgg; S * S L
JEAb JEAH: W% BEPIBK/AKLE 5l
15 JHBTRA s T PI3K/A K 5 B
BUEL. INE BB ES TIHINF- « BIF S H A
W T jiEs THINF- w BIF 53 A
A& ABE{FRD3 LS HINF- w BfF 3 B s
MAm R jiEs THINE- k B 53 B A0
Aigh, HA AT jis TIHINE- k B 5 B A0
[FES i THINE- k B 5B A0
52 PRUEEA I BIEPIK/AKYE S
HET AESH W HHINE- « BES SRR
v TV ik WEPI3K/AKLE 5l B
CUN S UN % TNHINF- « BIF S H A
FOE HFEOENE % THINE- k Bf 5 E A0
N 4H - NS ARH Be T PI3K/ A 5 B
ek N ES B MHINF- « BIE S BB

53 I T U P X 98 S A AR A R, AT LR
MaJET, WEEMIRT ) R AT AT Bel -2k F, [
Bax. Caspase—37KF-, WG PI3K/AKUE S35, MTTHIHLCIL
AT Y EAR R AT LI PIBK/ Ak S, (R Akt
R A, AELC LA A KRR R ALE I NF- « B/
NODRESZARGEIGERZAT IR A 6 52 R AL B2 K3 (NOD-like
receptor family, pyrin domain containing 3, NLRP3) {55
ML T Y, TR MIRT, BT B (KA
A L B IENF- k B p65#% 55 7 MM HINF - k BAF 530 1% 19 3%
W, W FEKIL-6. TNF-o . CRPEEJAE K F /KM &
SIS, TTISEEMIRT ) PR 1T ATT LI HI TNF- o |

IL-1 B FIIL-6/ 7= 5 K FFAIENT - w BA 538 B A S8R 1 T 75

B, OITEEEMIRT ™ K CEI ARG « B o« (1x B
kinase alpha, IKKa ) WEfRAk . AT« BHIHIF o (nuclear
factor—kappa B inhibitor alpha, 1k B—a ) [&f#t. NF-«k B p65
RGO, MM HINF- « BA55 85 0% , WRMIRT
FEHTIAT A R ST RS F A 1 Chigh mobility group
box 1, HMGBI ) fIZIARFLBINF- « BRYBERR 1L, M1 ]
NF-« B Sl B0, JEEMIRT
2.1.2 B2 FFBREEEIE L PI3K/AKUE Sl A T 10 P 5T
P 57 84 A AT S HEIL-6 . TL—12 K p65%% st [H - 1 3%
ik, DI A A0 A R A e — Jun 2 ER i ( phosphorylated
c—Jun N-terminal kinase, p-JNK ) I T S FRINF - k BEER]
9B FINF- « BIF S0 B IOS , SZO8MIRL ™ .
AP ] LIE T B p-Ake . Akt, ZEBREEH 43 (connexin
43, Cx43) MK AMIEPIBK/AKE Sl ', Rk
BFILA R E T IR AR T 38 80 PI3K/AkLE 538 B 1M 9
AU LA A TR MIR T, JREA ) vl 8 5
Ak AME ST B 1S (extracellular signal regu-lated
protein kinase, ERK ) {5 38 #% KM il p38/c—JunZ A i
fiti ( c=Jun N—terminal kinase, JNK ) &5 i B i fl.Co JULZH
PR, AR ARV 3 AT 38 S 0 i Lo A R i P g L
( mitochondrial permeablity transition pore, MPTP ) %] FFiC R
TR B A I3 B ( glycogen synthase kinase-3 B, GSK-
3B ) R4EFPLRA SR, ITTRAEMIRL P . PHEBRER A AT
3T T = Bel-2/K i Caspase-3 89764k, M IMTELTS AktJF:
BN T, ETTREMIRT T BB kAT LR (I
NF-k B p658 IR, il i I NF- w BAYAED) TGP
WEARHL T U S R G 3K F AT MIRT
2.1.3  1FZE B TFALE WO PISK/ Ak 5 il A2 E —
S B R ER B R 55 1 A R, AR B OR A0 JUE I PN B A
MEROERT, AT MIRT ) . 2254 A0 8 P 2 B R 9
NF-« B p65Rik, MIMMHINF- « BIFE 53 P& Y s Lo
LA T, BEMAEEMIRT 7 A S A RL3AEMS 1]
AL NINF- k BTG . NF-k B p6SHIRZH: AL, W/ROS
o=k, O TS, ARIMEEMIRT o 0y
AT k B— o BYBEIR L FINF - B p6SHIRZIFEAL, I # il
NF- « B S MO BOTS , SEMisEMIRL ) AT2G T al A%
MIRTEERS AR FNF - w BIGRIAAKF-, SRR 2> 70k, A
A RO LR 0 o 3 A T AR AR MIR I 20 K i
MIFIL-1 B KPS UHTNF- o . Biid S (marrow
peroxide, MPO) . NF-« B/, MIMisidsMIRT ™,
2.4 AW /INEEGIAT B SR L LA R PIBK R A K
KOKAF, ANTITOE PIBK/AKE Sid i, S0 LAnfaga T,
I 1] 3 3 P AR O LA P NF - B p65 . Tk B—o . IKK-P .
NF- k B ZIRACF ARSI, T MIRL Y, %%
2558 7] DI J# Caspase—3 . Caspase-9Flp— Akt i 11
b, PEUEAKEBERR L HBOG PI3K, AT &L LA T,
JEEEMIRL L AL ST i T INF- « B p65 %
IRANHINF -  BIE5 38 B A0S , A IMiisde &2 SAU5 O LA A
e SR T, RAEDHAMIRIEME >
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2.1.5 W3 HURCF T RE WS WO B LB R R - 12 4K
( glucagon like peptide—1 receptor, GLP—1R) FIPI3K/AktfF
S L DA 0 R AR i I O e O LA T
R TR MR T 5% o 22 i P R 1 T3 ok 00 N = e B
53 O TR AT L BUAn MR AR, BRI R AR
MIRT 0 7 2 0 2 4 6 1T R AR R IH - . B R Ak A% IR 7
k B ( phosphorylated nuclear factor kappa B, p-NF-« B) 4§
BI7KFE, JFBLIENF- k B p653F 3 M4 5 54 %% 21 4 i 4%
PETRBZF O3 I TR L RN F -« BAF 538 % 0 005 i a2
MIRI [57] .

2.1.6  HAth  VENIE AFERHATE R F A Bk 40 - XL (B
cell lymphoma-XL, Bel-XL) 7KF-FIM i Caspase-3 M3 i
TS PI3K/A K S B, AT dl.o WLanf s o=, i
MIRI"™ | K #EEi@iT FIMTLRA . BEFEMEI 788 (myeloid
differentiation factor 88, MyD88) . NF-«k B, NLRP3 T4
NF- k B/NLRP3 5538 B (9 ATk B- o (OBERR AL, AT
HLCMANE AT, WEEMIRT S

2.2 WS kel HET, PUIRIT MIRIAFE—E JR R
PE, WITRONE, T EE25IA T MIRLELA SRR (R34 ) o
2552 75 AR T2 AN R S B I . AR,
g WAL IR, IR BT ANHIECR . HEo S
Ti O FEREEE R R A KR T 22 M A
AT AR T PI3K/AKL, NF- k Bfg S3d B AEMIRT >

220 @S2I ELIEITTTE L b R
J, LAY LY RO A A A AR L L e
W R, O F2 58 AR A A R 7 Fys b Al i sE T
PR MR IASE R R Bl WILZH 2L S E N FTAR AR, DATTRS Ly
HEEFN R DENGSE Y BFoe R, HIXH T +2 07
i, oSt ShlRAMEREZIA B (estrogen
receptor B, ERB ) /KBTI E, £MHERR ZELITE2H
P MIRIY AL, B0 205 0] gl i PI3K/AK 5 5
W IHER B, ATIEEEMIRT

2.2.2 GEOEHKRRE EOSRERN EERSA NS KIE,
T EAE, HBEAMTESS . TRk, HOE B R Sk
VA A WLk L B R, O R T L
PR MIRLE 0 WU 7, B U G Bk B, P97 2 461
DS MIRAE ' 2374 i MIRTBRLK B
R, SEBIAAL, 805 RS O HR R
R, O UBEZERS B4/ 5 L PI3KAE 5 3 i BEL B 70 410 )
PI3K/AKUF S3E T , 300 44 B X MIR TR AY R [ LA £
PRCRW RIS, i ORI BRI MIRLA (R EH], BT
ATl 1 P4 T PISK/A K5 S S P AY

223 WHEEEFICEEY REHEEECCER IR A R
SRVECI A, AT L MR SENG, B T B A B el
S L SR L L MIRTEEL R RIS R £, 5
TERIZHAR LG, KGR RE 0 B3 45 25 41O LR 2= 48 pm LR V8 il
[F TH ( creatine kinase isoenzymes, CK-MB) . FLE & H
(lactate dehydrogenase, LDH) . DS EAT (cardiac
troponin T, c¢TnT ) 7KF e Bax/K 44K, Bel-2. p—Akt7J(qZﬂ‘

1o, PR ARTE 2 B 0/ B 5 R PI3K/ Ak [ 53 ok
P Bel-2MIBax 933k, AT O WU BRI T, SEmissz
MIRI [69] R
2.2.4 ERKE AERKEGRAS . 1AL R TFAMR, fi
AR SR PER, KRR TIRITAML. O A
P 0 VR LR K BRI 2540 B R 2 GRS A B B RD
(ginsenoside Rb1, G-Rb1) . #Mra[ 24 JC ( ruscogenin,
Rus ) FITLETEEH (schisandrin, SA) e, WF5EEnw,
MIRIFR T /N R Caspase—37E PE A1 IA /K -0 . 745, Bel-2/Bax
FEAE AR, 1 GRS W] A S AR MIRTAE /N B Caspase-316 1
HINBel-2/Bax A, HG-Rb1AEE L #IE AMPKAS 518 i i
Fl AT, IFEIE I RINF - « BIF 538 5% A0 S Fn i 15
ERK1/2. Akt-Bad-14-3-3{ 5 H 1 & FEHTR Fibt Ak 7E
H, MmigEMIRL
225 TZEWFE TZHFHRMFM TR, HE
FCEA [0 PR 2, W6 IR b 322 F TR 7 i e 0 U
i P XIEZE U BER RN, SMIRIZLAILL, T#KT%
TEH4UPI3K, Akt, GSK-3 B FRiEAK BT, MiEEER
C (cytochrome C, Cyt-C) | Caspase—97ik 7K i FRA% 5
G -5 -8 ( compound—target—pathway, C-T-P) ¥
o R R, TERMFHESER T 208 AP
JAMIRI, GIAKTI1., NFKB, TNF, NFKBA., GSK3B 4%, iX
SO A 5 A TR AE RN G, BN T 2Tk
MIRIAE AR R 10 LA SUEA R, BIEHL] S
PI3K/Akt, NF-« Bf Sl A7 X
3 INERRE

25 R, PI3K/Akt, NF-k BfE 530 B& v] D i 45
AR . ASERER . RAESNL . O LRI T DL R R A T A
MZ5MIRI KR AE R, T h 2 S K A Uk frp B2 25
5597 KR AT e VR PIBK/A KL, NF- « Bf 538 S By 14
MIRI, H2% HAGSCT b & 250 i A PI3K/Akt . NF-« Bf§
Sl TSR MIR T X B T — s iR, (AR —
JRBRPE: B —, FMIRINHFIE LS SCse-h 3, I RS
B W X 2Ry R AR s R 2R o,
LA E TR — I R GE . Aok, HEE YIS B
FARM AW & S FE Z i e W R & 2%, TP EEZ0IRYT
MIRTE A B3P 2 K HAIL S o 720 4 e B

HETR: TR, FEMNBAIFTHMESET; %
TR, BHPE., GESRATIEN TR, BHEE. Tk
B, hF— . FERBATLR/AARE; LT REBE. %
TR AR T L FHRBEFAFTR, o LF S
fiar. WEER,

AL RA GZ AR,
5% K
(1] (P EL m A S e a52022 ) 5 AL, H L i 3 (g
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PR Kb R 25 BRI [ ] R S R A
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