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Research progress of traditional Chinese medicine in regulating Nrf2/HO-1 signaling pathway to interfere
with myocardial ischemia-reperfusion injury

JIA Suxia, XU Xiaomin, YANG Huicong, LIU Shumin (Institute of Traditional Chinese Medicine, Heilongjiang
University of Chinese Medicine, Harbin 150040, China)

ABSTRACT
myocardial infarction. The nuclear factor erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1) signaling pathway plays an

Myocardial ischemia-reperfusion injury (MIRI) is a serious complication of revascularization in patients with

important role in the pathological process of MIRI. Currently, research has found that traditional Chinese medicine has a good effect
on myocardial injury caused by ischemia-reperfusion. Based on the Nrf2/HO-1 signaling pathway, this article summarizes the action
mechanism of traditional Chinese medicine formulas and monomers in intervening with MIRI. It is found that traditional Chinese
medicine formulas (Yixin formula, Wenyang tongmai formula, Dingxin formula [ ), monomers such as terpenoids (ginkgolides,
astragaloside IV , ginsenosides) , phenols (brazilin, hematoxylin A, resveratrol) and quinones (aloe, emodin) can alleviate MIRI by
activating the Nrf2/HO-1 signaling pathway, inhibiting oxidative stress and inflammatory reactions, etc.

KEYWORDS traditional Chinese medicine; myocardial ischemia-reperfusion injury; nuclear factor erythroid 2-related factor 2;

heme oxygenase-1; signaling pathway

O WLl P 51 45 (myocardial ischemia-
reperfusion injury , MIRI) J2& 0> JJURE L £ & 547 1fiL iz A 4
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IDAF 5380 B8 AR Ay S8 AN SR 0L AN AT A5 5

AEETR FBIpiTAa h 2554 2022 — 2024 4 B HAF A A FE24%
AR H (No. S22 (2022)85%5)

* E—EE WA . W5 ) P22 K 2 B
fill o E-mail : jsuxia@163.com

# BIEVEE 2% R S0, DRG] Th 25 2 PG K 24K
W) HERN . E-mail :keji-liu@163.com

-+ 124 - China Pharmacy 2024 Vol. 35 No. 1

FES 5 PrEdb AR T A0 p v A gE T
HYFET SRR, AT MIRT R ZLE 2 — 5o
AU ifi M 51 05 A0 B, B B MIRL B A ROR 7 R BRAR D,
BT 20 20 FERIVER/NEILER, hhinyy
MIRI 38 ¥ B2 22 S F A . AH DG S8 ik 52, 24 %6t
e L PR R O LA A B A AR A RO, BT
I, AR SCHE T Nrf2/HO- 1 A5 538 B8 60 TP 251 95 MIR )
WFFEAENL , IS A MIRT (I R IA P 3RS 2%
1 Nrf2/HO-115Si& itk

Nrf2 J&— i IR EST S A5 S 5 A, 7E 4 e Ak
T AR AT B R 2 R YT A0 ] AR SR A 40
M AE Y, 7EIE# RS T, Keleh £ ECH A 56 & H 1
(Kelch-like ECH-related protein 1,Keapl) Fll E.iZ % % 12
MES S E F R E S, %52 5 W) -5 Nrf2 £ Neh2
X RAIRGS G, 2z F AL, Nef2 ZEAI I N G 24k T
fRIE MRS Btk =z 2h, B G B 3 3 (glycogen
synthase kinase 3, GSK-3) 1 7] J# 7 Nrf2 [}) Neh6 25 #4315
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AT A i FLmE R AR . A IO R 28 FE 2 4 (reactive
oxygen species, ROS) 2}, i F Keapl H1 IVR 54415,
X A A D 2 7 U - o 2 R e i (Cys 151/273/288)
B AEA , FBOHLA G & A U FE 2 Sk B T A2
o1, DTN 55 Nrf2 i 25, {545 B Nef2 #4071 2 40 A%,
5 Maf 8 [ 5% c-Jun 85 B R IR R, IF 5 3h
P %Ak [ v g4 (antioxidant response element, ARE ) %
R 5 S HO-1 25 ARE & R AH G pY b A AL i 2
— RS 5l R R R, AT I 21
;e 4 AR (CO) Fe” FHERZE Il 2 g Bt 4
AR A A A B 252 B0 I | ke A 55 R
Nrf2 KHfis HO-1 3k , T &4 i 2 bt AL EH
2 MIRIH Nrf2/HO-1 {5 S i@ B HI1E R

MIRI 7| #2 A S A0 7 SO PR o ROS K3 7 A= R B
RHT A ZR B ALY AL T (superoxide dismutase,
SOD) . & it H Bk 3 & 1k W) 1 (glutathione peroxidase,
GSH-Px) fill i %8 1k S Hf (catalase , CAT) &5 Jo ik 4k 435 481k
SRR 1B 1 R s Nef2/HO- 1 {5538 # 7 i
#ESOD \GSH-Px . CAT A= i , i/ ROS 1= , BET A& 45 47t
MIRT A A

MIRI H R FE T2 F T P T B B A AR P i 3
s, i ROS & it 7™ Az, 5| A AR (8 A0 A s 1k A ] T 4t
FET™M TEAE Nref2 AT LAE o 2 20 \BR 8 B 1
(FTHL) %Ak Fe™, i AT LA o o8 45 5 ik e iz 2R 11 1 (fer-
roportin 1, FPN1) i ZR 3K 34 5 2F Hh 4 i 1 Fe™ 5 73 41,
HO-1 AT DL 3xf 43 fiff 1 21 28 77 A Fe? of 5 A G g™,
PR IE , 0% Nrf2/HO- 15538 % ] o8 75 2R A Qs s in 4%
e H ik S Ak ) B 4 (glutathione peroxidase-4, GPX4) (1)
Feik , MBI AS MIRT R A ERFE T,

FEREVE M BO™ AR Rk BE B W T B ST, W
KHEEE Iz RE5 G H 11 62(p62) Fil Keapl 5a 45 Nrf2 45
A, JE K p62-Keapl-Nrf2 1F J 5% fill , 3 17 4F 22 3 0%
Nrf2", G5 & B, 76 Nrf2 \HO-1 ik il /> 1 [H i), B
21 AL UK B 9% 2 (B-cell lymphoma-2, Bel-2) A1 B A Hacs
% M 12iE 2 1 (Bcl-2-interacting myosin-like coiled-coil
protein 1, Beclinl) {4 0 & 11 1 #24% 3 (microtubule-
associated protein 1 light chain 3, LC3) t 3¢ ik A, 1
Beclinl 3= 2558 i 0 #5 A 1k AL 3-38 7 (phosphoinosi-
tide 3-kinase , PI3K) {2 i/ [ WA TE i, LC3 ) LC3- 1 B
S AT 55 B B 15 £ B e A1 3% 2470 A2 B A A B2
JREHTE L LC3- L7, PRt , 0% Nrf2/HO-1 {5 538 ]
T 201 8 W L FETT R MR,

B & A MIRT B, KA S 5 9l A R e = il
# X F kB (nuclear factor-kB, NF-kB) 1l i £ [ (inhibi-
tor of NF-kB, IkB) & A= B2 Ak Fl p50/p65 S+ — AR LE
fil 15, P EUNF-kB KAEZFENL , 2077 R SE O™ 5
1T HO-1 iy 2= ) (JIH 4% 3R 11 CO) ] BH I NF-kB 19 #% %%
A7, A ] 2 RE S I 19 & A o BRILZ A1, T Nrf2/
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HO- 1 {5538 % ] T 15 Bel-2 7% P AFEAIL Bel-2 156 X &
F (Bcl-2 associated X protein, Bax) 174 , Wi #1150 AL
AT, S Nrf2/HO- 115538 B34 il NF-«B
HINOD ¥ 3Z (R 4B 11 45 #4 5 &5 111 3 (NOD-like receptor
thermal protein domain associated protein 3, NLRP3) Jifi
PR, TR 2 I AR T e A2

F JH AT 24T, Nrf2/HO- 1 {75538 (% AT 38 5 410 i) JUL 4
JH AR AR B ERBE T ARE RN AR TR T, DL S R
FI WA D0 MIRT (995 BEBERE . Nrf2/HO-1 {5 53 P& 12
MIRT H 8/ FHALET A 1

oxidative

stress ®@
@% Ubiquitination l |K3 ® :
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B 1 Nrf2/HO-1{55S 18 &7 MIRI B9 {ERHLH

3  HZYEE Nrf2/HO-1 15 5@ B Xt MIRI B9{EF
W25 T S AR a0 o AR A R DR S S
D/ 2 98 T AR A 2 L 1 R AT A MIRT X
MUARTE B0 . 26 BRI Hb 24 52 07 RN A T B 25
Hh 2l it Nrf2/HO-1 5538 % MIRT 1R
3.1 HZEFHE Nri2/HO-1{5 S i@ & MIRI
Uo7 VAT N5 78 24, AT R0 PR A 3 I
FEIRE A DAL, %o I AN 0 800 BAT AR AP 97
o FHRFIE R I, 2507 ATl i Fe ek B IR DTER S B
Y& 5 Bl F 1 (silent information regulator 1, SIRT1) J#4 7%
Nrf2/HO-1 15538 [ , FEAR I B LA g/ 7235, i1
e MIRT AEUA0 N P 0 it BH 38 ik e 28 Ly
PRSI 1 RE R s i > , HLAT iR B A AR Y
YET o WFFE s, 5 FF I i Oy 7 3 2o 0% Nef2/HO-1 15
538 %, 3R SOD T 1, BEIK ROS IS I+ o 7K
S, DT O LA A I A 1, i/ LA L 1,
MHGE MIRI™, SEL 5 1505 Pl S (BiEh £25, B
FIE DB 25 ML AR IR, PR, &
OJ7 1575 AlE i /b GSK-3 i A G0 Nirf2/HO- 1 {5
5 aE %, DT R RO LA LR T, a2 TS MIRT™,
AT T UEE KR FSINEL, BA R 7.
LA D3, ERAAMRARLL SO . TR, 45X
SR B 77 vT 3 A B A A0 e AR T AR PR 1/2 (extracel-
lular regulated protein kinases 1/2, ERK1/2) , {8 1% Nrf2/
HO-1 15 %538 #% , M\ ITiT & 384 S8 A0 Iz S R0 il 20 Jie 9 7
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HYAEHT , 25 T a2 MIRT G 15 s 152 78 K B0 L
s KR T £R G S H B R AR DR 2 PR
HTRIT i RO 8008« BRI R B, %07 T vt Ak
POy TR 154 5 0 G A7 A y 1 3858, A Nef2/HO- 1 15 %
i % AP EARYE T, ELRE T 9 Toll #3214 4 F1 NF-«B
AR, PR s MIRI™ 25 B URE Fh DU 32 hin ek
Mk, BAT o BN ACRA A IR, B98I0, 4 ik
R AT LTS Nef2/HO-1 {553 i, T 9 b g R 38 1A+
o (tumor necrosis factor-a, TNF-a) | [ 4024 2 6 (inter-
leukin-6,1L-6) \IL-1B .Bax .}t K & [ 8 3 (Caspase-3) 7K
A A R A R T, DA TTT R = TR S 3 F MIRT
BRI RO LA A5
3.2  FZHEKHEGE Nrf2/HO-115 518 B T3 MIRI
3.2.1 WE

Chen S5 FE B, ZARAT NG T 115 , MIRI A A
K ELOMEZ 2R FR HO-1  Nrf2 F1 Bel-2 25 1 23554 /i1, Bax
FEIRW D, ML WL A T A 8 5 IL-6  IL-1B
TNF-o 7KV FEAIC, 33 2 B AR A PN 1 P 2 300 Nrf2/HO-
1 {75530 [ A0 MIRTASE 780 KBRS0 AR 0 3 L S AE S o
FERAREIHR KB, W EH T, O L4
H9¢2 H' Nrf2 \HO-1 £ 1 & ik 3 il , Caspase-3 ., 55 Y] £
Caspase-3 85 [1 FR iK1/, X 3 B 8 6 W 4 ml i o J0%
Nrf2/HO-1 5 5 38 [ 9 /1 240 i 9 1=, 3 1M 2 3% MIRL,
Sun ZF*HESY & B, NS AT Rb 1] 5 50 LA H9c2
o8 OB RNA RS P 5T % 34 (protein kinase RNA-
like endoplasmic reticulum kinase , PERK ) & 4= iz fk. , 3t
FHE Nrf2 (HO-1 2 [ 35 K7, F# (K ROS . Bax # ik 7K
-, X LS A Rby n] 38 i 0 PERK/Nrf2/HO- 1 {5
5 B /0 MIRT S| B S8 AR BRI A0 B0 120 Yao
PG e B, NS AT ATl T Keapl M35 PEIETS
Nrf2/HO-1 15 53 i , DT R AR Co UL 200 e rh f12 9 T 2 1
Caspase-3 Bax /K-, i#F 7% MIRI
3.2.2 Mk

Qi FFMFFE A I, ELPY IR A ZE ] s B/ R AU O
WILZ0 i rf SOD ., Nrf2 , GPX (1 3% 4 , i 20> .0 WL 41 it v
ROS . N ¥ (malondialdehyde , MDA ) % & ; [F] By , Nrf2
) Bk P2 A TR 2 3 T 1 ) 34 52 T 3 ) 2 11 3 C (protein
kinase C, PKC ) 11 fil] 71 A B 1777 715 B , 33X 156 BH E4 P R AR 28
Al PKC/NIf2/HO-1 {5 53 % , 98 4% MIRI, Shi 55"
WFFE R B, IR AR A ] T s MIRIRE B R B, Nrf2 45 1 Y
iR Ak K S F SOD . GSH-Px i 71, [/ ROS . MDA 7K
5[], Nrf2 2 H A BERR 16 7] 4 PKC a8 PI3K 410 571 11
B, 1 B 95 AR A 13 i PKC 5§ PISK i 42 I8 45 Nrf2/
HO-1 {5 53 #% , #E ik 3% MIRT, Xu & BF5E % B, H
P U [F) AMP 3 46 25 (U (AMP-activated protein
kinase , AMPK) 411 il 1) ] 411 i) MIRT A5 8 A B JILEH 21
H AMPK B i fb AMPK Nrf2 Fll HO-1 2 [ 31k , fiE ifF
p38 8 3R 3A LA AL AR bR 0] I, 35 e BH 1 2 e
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A 38 3o 1S AMPK/p38/Nrf2/HO-1 {5 53 #% il 2 K i
MIRI, Joit (ARSI 5% 2 B0, 3T e i 2 AT A 1 MIRT AR A
KB WLZH e iod 48 A Ay il A S G A AT A2 A% -y el By DA
¥ la(peroxisome proliferator-activated receptor y coacti-
vator-1lae, PGC-1a) \Nrf2 . HO-1 #1 SOD ) mRNA Fik7K
LA p62 B R KT, sy LC3B Rk K-, ixX R B
it Kz i 2 0] 3 3 U0 PGC-10/Nrf2/HO-1 15538 B A 37
S W DR AR R T, S 1T MIRI,

3.2.3 MRk

Sun FFMFSE K IR , 725 F AT BT O LA B Nref2
HO-1.,SOD .Bel-2 i 4, 18%% ROS \MDA Bax i 14,
FAAR 46 P 7 TNF-ou IL-6  IL- 1B BY7K -, 33X b I 2 25 %%
AL 38 o G Nrf2/HO-1 {55538 [ 55 MIRT 52500 A ik
A% @ T n A A R R O == )b S O 2 U
W2 0] 58 1 0% Nrf2/ARE/HO-1 {3 53 1% , {547 MIRI
FERIK ORI E . Zeng VR E L, —ESHE00 1
A 38 3o IO A 1 B B/Nrf2/HO-1 15 518 4, R EDT A
AR E T, ST S MIRT,

3.2.4  HAhk

A /D W SEIESE R B, PR LT AT ATl G SIRT 1/
Nrf2/HO-1 15518 % , T MIRT AR A K SLIL I ALC L2
21 SOD & M, HF 1T I8 MIRT AR ALV . Wk B A6
WF5T & PR, MR 2 AT FH s MIRTASE ) K UL 7 MDA 7k
SEFLL LA 2 Nrf2 \HO-1 Bt A AL SR i (NADH qui-
none oxidoreductase 1,NQO1) i) EiA/KI-, (L GSH-Px
TR, 33X U B MR 2R T A PO Nef2/HO-1/NQO L 15 %
I U MIRT AN 3. Cheng S5 Y A B, B4
1 A A B Keapl 1Y Cys77 F1 Cys434 5% 5L , {2 #F Nrf2
s A0 AZ , T/ BLO LA HF HO-1 .NQO1 & 1
FRIRIKA, NS MIRT,

4 Z5iE
MIRT & —Ff6E 7 U M0 45 95 95 B 7 26 1 9 A L 7™
HInE R ENTUS . Nef2/HO-1 5538 %78 MIRI )&
FRPEFE T A B2 X AR5 IET Nef2/HO-1 {5518
BRI R 2 9 MIRT AR R , 2 Brh 24552 T (25 0
J7 P KT 20T 1507 A 2 BrAig 8 (4R
AAEE T AS B ) BB (EPEIRAE Ih
AR A I PEEAE) BRZE OS5 R CRE R ) 4 nliE
o S Nrf2/HO-1 15 538 3, 410 il 40 A0 0 38 R A i vy
25, MRS MIRI,

B2, BT AT A7 AE— 2L [l 8, a7 57 i MIRI
PR AN BE 58 4 I Bt MIRT 3 B2 (498 BiAE BEAR AL, rh
245 1 ELARAE L A i AR R i A/ i — 2 5. 9
Hh, 2GR AR T Nef2/HO- 1 {553 B A AH S 48
SRR AT MIRL /R A RRRZ RS
52 ik
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