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Research progress on the mechanism of action of traditional Chinese medicine regulating Nrf2 signaling
pathway to improve sepsis-induced lung injury

LI Yang', ZHANG Ruifen’, JIA Tingting’, ZHANG Hairong’, ZHAO Jian’, HUANG Xinsheng’, LI Xiao®,
ZHONG Xin®(1. College of Traditional Chinese Medicine, Inner Mongolia Medical University, Hohhot 010050,
China;2. ICU, Inner Mongolia Hospital of Traditional Chinese Medicine, Hohhot 010050, China)

ABSTRACT Sepsis-induced lung injury is a common type of sepsis complicated with multiple organ dysfunction syndrome,
whose uncontrolled inflammatory response and oxidative stress are the key pathological mechanisms. As an important pathway of
anti-inflammatory and anti-oxidative stress, the nuclear factor-erythroid 2-related factor 2 (Nrf2) signaling pathway is very
important in the occurrence and development of sepsis-induced lung injury. This review summarizes relevant research conducted
over the past decade on the regulation of the Nrf2 signaling pathway by traditional Chinese medicine (TCM) to ameliorate sepsis-
induced lung injury. It has been found that 14 kinds of TCM effective ingredients (including five types of compounds: flavonoids,
terpenes, alkaloids, saponins, phenols) and 6 kinds of compound preparations (including three types of formulas: heat-clearing
and detoxifying formulas, purgative formulas for promoting bowel movement, and formulas for reinforcing vital qi and
consolidating the constitution) can inhibit inflammatory responses and oxidative stress by activating Nrf2 signaling pathway and
intervening in related pathways such as those involving Kelch-like ECH-associated protein 1, heme oxygenase-1, antioxidant
response element and AMP-activated protein kinase, thereby alleviating sepsis-induced lung injury.

KEYWORDS traditional Chinese medicine; effective ingredients; compound preparations; sepsis; lung injury; Nrf2 signaling
pathway
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¥ i S R 2410 & 2 A & A F 2 (nuclear factor-
erythroid 2-related factor 2, Nrf2) {5 53@ % 0 = 5 ZFh 41
o A= B BTG Bl , BLEAE W E TR P A A N A g
PE, BLE S IR BRI M HIT AIE IR T U R 2
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Nrf2 {55 30 H Jm st s PR P a5 5% s R K0, 2
PR G 47 S8 AR P 8 428 98 RE S I 114 5 e 3
FEIEH AR T, Nrf2 55 Kelch £ ECH JEHX 8 1 (Kelch-
like ECH-associated protein 1, Keapl)%54, {fi Nrf2 4bF
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A 2 — RSB0 A AR A AR S22 (an i 20 2m
4 /i 1 (heme oxygenase-1,HO-1) . # E 4415 fL i (su-
peroxide dismutase, SOD) . 4% Bt H ik i S8 4L 9 B ( gluta-
thione peroxidase, GSH-Px) . %+ it H ik S-#% #% iff ( gluta-
thione S-transferases, GSTs) \NAD (P) H i % fb i4 J5i i 1
[NAD(P)H: quinone oxidoreductase 1,NQO1]55} g Jk
R O b s P 1 [ S Sl B e e 2t D B
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(protein kinase B, X 44 Akt)/Nrf2 {5553 M4, 24 HLIA
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(mitogen-activated protein kinase, MAPK )/Nrf2 il [
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fig 1/2 (extracellular signal-regulated kinase, ERK1/2) .
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A3 S R AL VR P T A Nef2 154k, AT S 5 45 i 42
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Al Nrf2 300 3 2 AR B0 ) e (R s e B A il 5
', B J5 LA Nrf2/4% R F kB (nuclear factor- kB, NF-
kB ) R ], 7ETE T ARAS T , 40 A Y NF-kB 5 NF-«B
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G AT AL R R Y 2258 s MAPKYNI2 {5 5-38 fif 15 FL
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EEY . Meng 55" W5 R, 855 Ak i & RR AR e
St Bl 493 70N BRORR) 2RE ERL - [ 988 PR BE TR F o« (tumor
necrosis factor-a, TNF-a) . FH 4l fifi /% 16 (interleukin-16,
IL-6) JIL-1B]/K -, $2& il 41 4 Nef2 FTHO-1 85 FH 1) 4
BRI ZBTSERIT, BA 3R Gt e A 2 PRIl 473 1)
Vi T g 5305 Nrf2/HO- 1 {5 5l AT X o

WL R ELPHEY R W E S 2 —.
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P03 R BUE 2 [R5 ik I e 0 92 TR 17K s e b, 1%
RS ] TR R BRI 4 4 rp Nef2 \HO-1 25 Y 3R
Bo BT , 102 3 AT PISK/Nrf2/HO-1 {7
5 I, U0 ST B2 IV B A, AR R AE R R
SRR o

LW FIE NP Y) 22 AR ZE P SR IR i — b g
BAAL G, RPN, 228 R B 0 % Rk
BEAE 2P MR 405K BT 8% (malondialdehyde , MDA)
Je 9 P F TNF-ac, IL-1B  IL-6 7K °F- , 45 5 SOD 7Kk °F- il
Nrf2 \HO-1 mRNA K £ 11 % % 3k 7K F-, B K R
O3 ARG L TR IR | 22 B3 Ik EEE 2 i
P BREAT A L HAE F AT BE -5 9147 Nirf2/Keap 1
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0 2 AR R AE 2 P45 0/ BRI B T 3 A it 2 21
R BRES & S B % 52 AR S 9 AN AR 1 4
) 3% 3Z 1K 3 (nucleotide-binding domain leucine-rich re-
peat and pyrin domain-containing receptor 3, NLRP3) . {4
TOAHSCBE SRR AR 1 BY D) A e X 2 F1 8 1 (cleaved cas-
pase-1) (235K, b0 Nrf2 2 [ 357K -, Bt H
i E AL | QNG N (172 i 1 DR 2 R 7 5l G N P2
F AP AE S, KHE B 2R T S T Nef2 {5 3 B 0
NLRP3 S /IMATE AR M REAE /N B SRl 475
312 WERESY

PEVS = A TS I E Sy 2 — o B/NIR
SO o s 3 99 g 22 B (lipopolysaccharide , LPS) i 7
UM IR REAE 2 LR /N BRUSEEY , JF BRI PEYS = h %
TR /N BT T I, S5 2R o, TS =T T
J& /INERIBZH U Nef2 (HO-1 o S8 AL W g A3 58 ) Tt
Sy M T ) 2 2k 7K P B A R/ B 3 T (P<
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mRNA [ 2R3k , 238 e B2 0 S0P il 463 493 /0 BRL %) o i g
e ZEWFFEA) AR SE , B B 2T = R 1T 3 1k TS Nrf2/
HO- 115538 BRI/ N BRI 2RI 45

AL — B AT 25 B ) b $2 B0 PR 11 25k
G, BMERHE AL AL (cecal ligation and
puncture, CLP) & 37 M 8 21 i 4 45 KBRS A, I 7
AT AT, S5 R R SRR R R LA, AT 2
20 A R 41 40 9 E [ F S MDA 5 it 34 (g 35 [ A%
SOD {if 4 i & 38 i, Nrf2 & HO-1 8 (H 1Y £k ¥ i 2% I
8, Keapl 8 [ (19835 B 3% T (P<<0.05) , il 41 414514
B . ST I AT 25 TR Nrf2/Keap L {55
T B0 A R, DT R B 2 M M43 475

AL B — P e A 22 BRI R D5
AR AL A Y . NI oy 0, B A6 A ] B
R e R A SR Al 405 /) BB — B IR T Ak ) B
% (AMP-activated protein kinase, AMPK ) \Nrf2 \HO-1
[, e M - 6 40 1M A5 5 B4 405 L B i 1 4 mT il
i 3 7 AMPK/Nrf2/HO-1 15 5 3 1% ok 24 35 i 75 i fili
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T EARE M 2 7 XU G AR AN 25 R U — K
SRAEWION . B HL AR GT S BN, R T NS e I
PR 705 BRI AR N 2 AT B S i 4m il VE R L O T 4 s
JENrf2 8 I R E KT BRI NF-wB 2 (119 3R B Ko
TR AR IR, T TR B R 0 e R AE S 5 45K
LAY SOD 1% M , &Ik MDA . IL-1B . TNF-o . IL-6 7K -, 2%
fif Mt 40 25 FRA 5, | I Nrf2 \HO-1 & 11}z mRNA i3
ik, N Keapl # 4 X mRNA 55, A EBFFEHAE
S, T R B LR R R T 38 3 S Nrf2 {53l Ok i
PR BEAE S [ A b 475 o
314 BERLEY

B R B RS R A B PR Al — b =il 2R e A
PGy o BRLT HLAEEE S R, 5 MeREAE S PR R 5 40 e
B AL BUR I 5 ) Keapl 23k Kt 44
AL G P MDA 75 35 i 35 PR SR 4, Nef2 \HO-1
73k K SOD . GSH-Px {if 1 ¥ & 2 Fh & uk I (P<
0.05) o ZMFFTHEIR , B RS H AT X e e /N B M At
HAVGEER , HALH 7T 585 842 Keap l/Nrf2/ARE {55
T A
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BB AR W U AT v e 7 RE A0 A 405 K R 4 21
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1EH .
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SURR, Af 3 Ik MDA FITROS /K-, i 2 715 SOD Fi
/ﬁﬂfcﬁﬂt (glutathione, GSH) 7K~F-, [ I Nrf2 | %5 Jii 4% 14
F % 7 L Bt 11 (solute carrier family 7 member 11,
SLC7TA11) 7Bt H ki % fk i 4 (glutathione peroxidase
4,GPX4) \HO-1 £ 1Ay 3K 5 i fft I Nrf2 ) il 770 ), &
AR BRI LR B 0 . AR S, B E AR
BE V0T I REAE 2P I 15 475 A BRI 0 1 FH A5 936 N2/
SLCTA11/GPX4 {5 51l B AH I .
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AR T R 20 B YA T, T I RERE Y AT AU LA
BAEM . B A ER D ROR S JA 45 Nrf2/ TGF-B.1/
ERK {7 51 % 24 36 e 2 0 s 45405 (R ML okl Fsf 2% B, 1220 ]

=1 B B BB AE A 5 4 O A SRR B R A R AL

% i) i) EEIR {ERLE TR ik
HEALAY  W5E T At 0/ R R LPSJE 4 INif2/ T HO. M Ji%k [16]
IEE MEHE SO K R CLP 1P3K/ TNer/ THO-1 ik S [
FHE WRREE SR K R CLP N2/ | Keapl ik JiAk 18]
TEE TRAEE SR (N CLP N/ lNLRP3 ik SiElk [19]
WRLAD FE=E &t N ] LPSJE 4 INif2/ T HO. RN ik [20]
WA =R WEHIE SR LPS fifs At | Keapl /T Nif)/ THO-I ik S 1]
Ajdit WEHE SO K R CLP N2/ | Keapl ITEX AT &I 2]
g0 WA SRR /B LPSHEA 1 AMPK/ T Nif2/ T HO-1 ik SR SENE- AN EREER 23]
ERENAY  BREE TRAEIE bR O N CLP N2/ | NF-kB AHINF-cB L di% 4]
HHEW WA SR O K A CLP N2/ | Keapl IS i ik 23]
LRI/ i BT 2 R 1 R LPSJE \ Keapl/ " NifY/ARE [ERENIATR (26]
ABEiiRg, W AR IR EA AT ARER  IPSEERA TN | pp6s AT di% 27
AR Ajie TR B K B LPSFRsEAT VETEBRIEENBY NG Bl A R AT 28]
S TR K R ER CLP 1Nif2 $iR SUE M AT 9]
LRILPN B E S ER B 1 R LPSJE st N2/ T HO R SR [30]
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S B BARAE P BURAR AR rh 2G4 g BRI . (4)
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% GE A A s AR 2 S Z A A P B b . R
KA FT T IX ET7 [m) ISR AT 5T, 4 11 4 7 o 2 45
Nrf2 {55 10 % 05 e RE it 0 19 237U
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