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Abstract: Diabetic kidney disease ( DKD) is the most common and
severe microvascular complication in clinical practice and one of the main
causes for diabetic patients to develop chronic kidney disease and end —
stage renal disease. The pathogenesis of this disease involves the
combined effects of multiple factors, such as genetic factors,
dysregulation of glucose and lipid metabolism, changes in renal
hemodynamics, inflammatory responses and oxidative stress, among
others. Among these, oxidative stress is the core process in the
occurrence and development of DKD. The nuclear transcription factor
E2 - related factor (Nrf2) is an important regulatory factor for antioxidant
stress transcription. Activating Nrf2 can stimulate the expression of
downstream heme oxygenase —1 (HO — 1), thereby widely participating
in various biological processes such as regulating oxidative stress,
reducing inflammatory responses and inhibiting cell apoptosis in the
body. Recent studies have shown that the Nrf2/HO -1 signaling pathway
is involved in the occurrence, development and drug intervention process

of DKD. Traditional Chinese medicine (TCM) has the characteristics of
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multi — target, multi — pathway and multi — level, and the advantages of synergism and attenuation, showing unique

advantages in making up for the shortcomings of modern medicine. However, there is still a lack of systematic summary

of the mechanism of this pathway in the prevention and treatment of DKD and the research progress of traditional

Chinese medicine.

In this paper, the biological function and activation process of Nrf2/HO — 1 pathway, the

relationship between Nrf2/HO -1 pathway and DKD, the related research of traditional Chinese medicine to improve

DKD by targeting the pathway in recent years, the treatment strategy of integrated traditional Chinese and western

medicine, and the future research direction were systematically reviewed, in order to provide theoretical reference for

the clinical treatment and drug development of DKD.

Key words: active compound of traditional Chinese medicine; traditional Chinese medicine formula; diabetic kidney

disease ; nuclear factor E2 — related factor 2/heme oxygenase — 1 signaling pathway

HHE FR 995 B i ( diabetic kidney disease, DKD) j&—
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REE DN PREE AT R3S 0, B /N Bk A 3R B )
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e PR H 5 241 30% ~40% 44 % Ji &y DKD |
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B B, R AR ST DKD 5 BB A A A
SC,IX ATy DKD i B G S o k. 4RIk
B, 22 T 2598 1 8o K 2 D5 T DA sd i R A e S A
T E2 # < A T ( nuclear factor E2 — related factor 2,
Nrf2) /12T Z S48 — 1 (heme oxygenase — 1, HO - 1)
R PR LR SFAE T, 1% DKD i
P, oy 1 B Nef2/HO -1 7 DKD A g4 HIAL G
HE— 2w P 25AYT DKD B AH 5638 B A 9T, A< SOt
T SBAE R R 2438 i i 45 Nef2/HO — 1 By DKD f4H
KUFFEHEATER IR, B e TP EEZ5 By ih DKD 424t 45
HY BRI ARE
1 Nrf2/HO -1 {5518 §Bi#fif
1.1 Nrf2/HO -1 HI&E ¥ =IhEe
1.1.1 Nrf2 ¥ 54%1E

Nrf2 Jg— Fofr 5 B 114 41 it N 480 A0 38 I 05 1 B
J& TCap’ n’ Collar (CNC) ¥ 5% [N T K& il 1, B 605
MR, L HAT T A RS A Nef2 - ECH [F]

JRZEF IR (Nehl —7) , HCIREWI 6, & 5] HHR, 26
TV Nef2 B FiE vE . Nehl EA 4% 5E O HY 20
AE, HAE Sy OC B Y 45 44 BLRT DL 5 A% 8 B /N B Maf
(small Maf, sMaf) # FUABER P 18057 95 — A4, [] I 72
éﬁf]ﬂ@ *Z ‘:P 5 EFE éﬁ ﬂﬁ R TG ﬁ: ( antioxidant response
element, ARE) %55, H- BT T 2010 D SR DG H#E ik A
PR S5, NIRRT 1 1l — R A Bl AY 255, 4 HO - 1
A 15 AL ( superoxide dismutase, SOD) &bt H Ik
& Ak W) i ( glutathione peroxidase, GSH - Px) 2K
FA Ak 30 JR B [ NAD (P) H: quinone oxidoreductase 1,
NQO — 1] . 34 4k S ( catalase, CAT)'"' . Neh2 %%
it 7 ETGE \DLG /7, R ML 5 Kelch 314
AR E H 1 (Kelch - like ECH - associated pro-
tein 1, Keapl) %54, /b Nef2 & A A [R5 B2 Y12 R
TR R . Neh3 -5 2 S 0T 254 35, H v Neh3
S5 R Sl A Y Nef2 BEREPAT , 4 T R4 W PR 1
FHEPE™S . gl Nehd F1 NehS &5 ¥4 48 ) 3 25 i
SEFITA B BRI IR AT (cyclic AMP, cAMP) 2 ¥ J0
P BB 1, 35 50 Nef2 5 R A 2 S i k™
Neh6 454 3 32 2L £ 7% degron DSGIS Fl DSAPGS 3
Ff -S4 D AR B P N2 R i . Neh7 4546 15
Wit 5 M EE X Z K o (retinoid X receptor o,
R X Ra) MIZ5 45, HETTTA R0 Nef2 5 m v
1.1.2 HO -1 #5454

HO {4 ML £1 28 048Ul 58 1) — D3, S 52 N2 {5
Sl pE A A R 2 —. HO f77E 3 A L
ity , 390 i 2 B HO — 1 254 1 HO -2 DL R % it
oy HO =3 ) Hh L HO - 1 BFRE R ) 2, B
—iFs T B PR AL 1, R — P G B R
HUA WM INLLT 3 A U7 85 Bk (Fe® ™) — %Ak Bk (carbon
monoxide, CO) MIHEZ/ERA ., HO -1 FER 5’ 9k
St X 3 2 A0 35 Bt S Sy e ARk SR e
MELER BT L RO - 1 S48 0 U781,
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Z—, Nef2 VR S AR SRR 45 1 OG5 R, ZEAIL IR L
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TEIEH AR BRI OUT , 200 b i Nef2 LSRG i TE
Keapl fiBSZE4n b ™ o 2 4b F 4810 1 3k % 2]
HoAth 23 v, 71250 S U, Nif2 1 Keapl 22 [8] (44 42
KA AR AL, Nef2 5 3 W5 R A A Keapl 25 [ Ffif &5 3
K, ZEAHE S B, I 5 Maf JE R 7 08 — R
" RIREE B E) ARE B 2E cAMP N ICHFSS &
FI I SRS R S I R BT, 1T 2T i R B
Pk, WOE — R P EE A T B A AL g,
NQO1 .HO -1.SOD ,GSH - Px, M1 2% ROS . Jig it it
SEACY Y BT RN, I R DT BT R ]
PR T S HAb An i R L)
2 Nrf2/HO -1 £ Si# K5 DKD

DKD 9% i ML &2 2%, i R 58 2 W1
BRI IR S, Ho] B ¥ B2 S Ab 3 48 E S
FI W A0 A W R AR 2 AL st 15 S 2 A R T
Horp S A W B BB ER T, T Nief2/HO - 1 A2 2 &
FLBON . 24 DKD BE K AL T RS,
S ROS Ja A i, A IR DT AL BT R GE R
iy, Nef2/HO - 1 il PEIHAREZRFL . WY s, DKD R4
FSh Py S N2 F HO -1 ik, HS
SFALI AR D RS B UIAR DG, ez, 0% Nif2/HO -1
T % AT DAIE i 22 BN AL & 18 B AR E R
AT DA SE AN 3, 18 SOD | GSH - Px 2541 A L
Tk, AR Y 1% ( malondialdehyde, MDA ) % i i i)
AR AT s L, P LA S8 RE S, Ul /L Jiev g SR 3
Kl F — o (tumor necrosis factor — a, TNF — o) . H 41T
/% -6 (interleukin — 6, IL - 6) Z& 4 PR 7B 3
=, AT DAGUAR R T, S0 BN ER R A AT N L
B AR T s HL Y, AT LUAE 2% B 2 e AL, BRI AR K
A+ - B1 (transforming growth factor beta 1, TGF — 1) |
zE 2% 4 21 A= K K T ( connective tissue growth factor,
CTGF) S £F b A ¥4k

AW K B, 5 B A BOBE PR /s BRURE BG, R
Nrf2 AR BRI /N B R SR ST 2 PR R B 0
B EE M s Nef2 R DUA 50035/ B 4816 g

B RIEKOT S B X RS Ne2/HO - 1 {55
A B B i DKD gt . DONG 2
WEFE W, S Nef2/HO — 1 38 & 0] LA 30 il 1S &
FRCE A 7 A R i ROS, A A 477 240 it 47 <2 SR AL 24
W AR T, AE SR AT e 4k S DKD #ERE, LR B
ST, 1 BOE Nef2/HO — 1 R0 i 42 AR nT DL 3
sEALIARBLR BrEL BT TR RE ), IR R 2 1 4T 4
fb & DKD % Je ik ## , 3497 DKD [ 588 7 1, hy
¥ ok DKD 1) 1 Bl R I7 46 58 9097 8 T R HL ) 2
(HASTE B 2, Nef2/HO — 1 58 8% 5 22 5 96 4H 56 58
HEAFAE S SO, A1 5 PE TS | A W L SIRT1 2545 538
BEAHE R T A 2 00 R8RS LR, X o 2
RUIRYY DKD 42416 T BSR4
3 fiZhiF#E Nrf2/HO -1 & &R i DKD

W 59 JC DKD Byic 2k, Ja i B KAK 4 M =
208 T ARG AHEAR s PO AL, B4 V9N, 2 )5 %45
TR THIB B X — P % . B, 2 H 3%
FRALR B 5 R T 2 LB R L BOR YT
PAZE SR, TE Mm% R My . A E S A £
FPGPERy , HAEHIVE ), %} DKD Y8y B4 24
RO, AL, M Ge i 254 ke, i 32 1
U AR S ARSI PS8 3 R, v LA 3
IR BT, o B 22 7697 SR 3 ARk, ok ik 2
AIIRIE T OT ST T Hh 2% DKD Ry, 3F 2B h 2y
R R R 25 (IR YT DKD p BAT R4 AR 4
AL, BHHEARHLH S Nef2/HO - 13 % 1 8 #5545 56
PRI, 3 2o v 24 3 1] 005 Nef2/HO — 1 {5 53 % X%
DKD (#3677 A B EZAMNE.
3.1 HEBEE

Hp 2 AR R 2 R A T T I B R )
RZWFFEIESS, RS AT RCIH T Nef2/HO — 1 38 B& 1 h
R G PR R 2 A A B B 2

RHEHR MIRIF.
3.1.1 FEERZE
B A BT — o DA R I 1 B R 2

Y, BA AR IR BT LS RY wat
W5 & B, BRI ZH 50,100,200 mg - kg™ 5546 i 5
ZH Nref2 85 (1 AH X 2R 38 K20 5l o 13.07 = 1,16,
13.14 £1.20 38.91 +2.55 f148.13 +2.73,HO - 1
AN 3R KB4y 5l 4.09 £1.22 14,18 + 1.32,
28.08 + 2.11 F1 30.46 + 2.40, SOD 7K 3% 43 5 H
(41.73 £2.44) (43.17 £2.03) . (65.22 +2.49) fI
(86.27+3.10) U - L', MDA /K F 4 %] X
(10.62£1.03),(9.3920.97) . (7.17 + 0.88) FiI
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(5.83 £0.63)mol - mL™", SR AIZAH H , 2546 & 5
20 K2 2 AR (P <0.05, P <0.01) , - 55
R ADC, B AT 4EAL R R

FEAPE IR AL AP B R 2 —, AT
SEAL AL RIS Y VPR AR i
I 850K 1 7 & (streptozocin, STZ) 55 DKD /] fl A5
A A2 80,160 mg - kg~ AL LN Nrf2 2 14
XF 3235 K4 5k 0.16 + 0.03,0.31 = 0.07 FI
0.58 £0.04, HO - 1 4 xf & ik K F 4 Jl K
0.35 0. 07 .0. 65 +0.06 F10. 88 £0. 11, SOD 7K 43
W H (227.10 + 15.46) . (251.34 =+ 33.46) Fl
(277.38£28.81) U - mg™', MDA /K F 4% %] K
(16.05 +3.48) . (16.21 +4.08) 1 (10.83 £2.65)
nmol + mg ™", 55 AE R 2 A Ll , A 8 R 21 23 I I b 2
WETRE (B P <0.05), B I RE+8 tr 1y i 2 ol 3%
(¥ P<0.05), F B A+ il 2 B ] 68 @ o A 4%
Nrf2/HO — 13 % & FEHT AR AE F, AT 3 15 2 g
FEZE DKD %

AR B R 7 A R RN R 2 —,
FLAT W IR R MG HUEAL SRR e
57 STZ $OK B DKD #E, [i] 200 mg - kg™ F A1 1 nf
BRI G , SR A, K U 414 Nef2 A1
HO - 1 5R3A3 B0 (3 P <0.05) , HIE S22 0] i
O3 S W PRI 2L T A AR I R P R 2 i 37 P LA ( blood
BS) 7K F 4% Wl (21.61 =+ 1.87) F
(17.82+0.68) mmol - L', Il WL BR iF ( serum
creatinine, SCr) JK 4y 5 & (46.40 +1.18) Fl
(35.48 +1.28 ) umol - L', 1Ml IR Z & ( blood urea
nitrogen, BUN) 7K *F 43 5| o (17.68 + 0.76 )
(13.39 +£0.55)mmol - L', FiR$8FRTE 2 410 L%k,
G PSRRI R L () P <0.05) iR
e A AR A L AR AT AR | 0 o Ak R 9 A s AR
3 DKD B B4

P BEA AT & — Pl DAKT 3 6 r B2 I >k 1 8 i 2K
Wi, B bR PR AL B2 4R B S R Y
TS B, S AR db/db /N BRI AR SR R L
WEEA B & W FEARET (P <0.01, P <0.05) , 15 #Y
£41.25.50.,100 mg - kg~ EEFEEFFL] CAT K43 51
F(52.5£1.5),(56.2 £2.2) . (54.4 +0.7)
(59.3+1.3) U » mL™", GSH - Px 7K Y 43 51| N
(249.3 +£5.1) . (267.5 = 10.3), (267.9 £3.9) Fl
(310.5 + 13.8) U - mL™", SOD 7K 3F 4% %] K
(137.5 £21.5) . (196.2 +16.4) . (200.4 +12.6) fI
(206.9+15.6) U - mL™", MDA 7K F 4 % K

sugar,

(20.1+0.6 ), (16.1+0.5), (153 + 0.5)
(16.2 +0.5)nmol - m™", FIRFEHRTEMIIRIL FI S BF
HHZM R, ity EESHARITEE X
(P<0.05,P <0.01), Ay Hoii i o8 5 48 5E X 5~ &%
Nif2/HO - U5 51 R BTR FUEAAEHRPIR
DKD,

WHER N SR, & TRl EAaY,
FEAAE T AR R E ALY b, HAHR SR
Ak I I R AR BTS2 R RIS k. DONG 21
WF5E KB, RS 10,20 wmol + L~ g 7 28 2 78 WAk
P R R B /N K R A0 B, 5 e A R 2 PR,
W 7 2R 4 200 L A ik B R R B 2D, ROS K F-
NOX Vi3 B Z AL (¥ P <0.05) ,Nif2 HO -1 F0I
NQO — 1 FKIR/KF-2 8 ZHfn (¥ P <0.05) , LB g
7% 2% ] BEIE T MY Nef2/HO — 13 i R 3T A A
FH DTN B 20 B A DR AP VR A

KRBEEREN—FRAEREAEGY, BA
PR PR PO T LR, GUO 17 4y
B 10 120 mg - kg™ ARBEZ T HEIGIKE + STZ
Y5 B DKD KB, 697 41 5 8 B 41 L L, Nif2 |
HO -1.S0D f1 CAT #XHWEETE (P<0.05,
P <0.01), ROS #I 41 ffg 94 = 7k *F ¥ & % K& K
(P <0.05,P <0.01) ,NOD FEZZ AR [ 2544 JUAH ¢
#HH 3 (Nod - like receptor protein 3, NLRP3)
F47T % - 1B (Interleukin — 18, IL - 1B) FliZH T - «B
( Nuclear factor — kappa — B, NF — kB) 7K -4 i # [%
iR (P <0.05), 4& 78 A B 7L K Al DLl i Nief2/
HO - 1A= A 20 ROS 43195 40 S Ak i3 R
i SRR T3, AR B R AP VR o
3.1.2 A

INEETE B SR IR AR R AL S, B
71N 7 R AN 114 o2 1 11 I (2 R
KR BT R B, RSP 60 pmol - L™ /N BERS
VAR AL S A SR ) AL, 5 s R B A LK,
SERRZH A0 3 ) 2 E B, podocin \Nif2 (HO - 1 45 it
Hikd S LY 4 ( Glutathioneperoxidase 4, GPX4) 4§
FIAXT B 8 2 T8 (34 P <0.01) , PTGS2 Fil
ACSIA mRNA A X} 3 35 Kk °F ¥ & #F B K
(¥ P<0.05), B /)N BE G 3 5 38 35 Nef2/HO - 1/
GPX4 i, il LA sy W 00 T 2 20 M B 10 2
WL A S o BRAZ AL, S A i SR BE T K- o

WS E T S 4y B AR B — R A e, 2
PR PUAA AT B R PR . LV SR Ay
STZ 1755 DKD /NGB, 28 100 pg - kg™ 52081
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J5 v SO R A A A T S A 1 DR AL
o BRAS AL B B T RE G o RO ey S 0 AL B
BEi7 S %) MPCS 4ii g, Nef2 1 HO — 1 AHXT KK L
L SOD | GSH & /K- 3 W 3 39 n (3 P <0.05),
ROS # X} 3% ik 7K 5F il MAD & & 35 i B FE AL (1Y
P <0.05) ,#F—2PHk 7 iX —4518, R W] 260 i
TP R IR RN B LSRRI TR
3.1.3 BEE

“LREFRIEN LW FEEERSZ—,
HATPLR PUAA AR TS, ML & B
FERBL, MR b R (50,100,200 mg - kg™') =
LA R T STZ %5519 DKD /MU, =L 21
RI 41 5HIRIAAH L, il K7 S 3 BRI (P <0.05)
N2, HO-1, GSH 3% jk /K V- 5 B & T &
(# P <0.05) ,ROS.IL -6 MDA FI TGF - g1 /K -4
BEFL(E P <0.05) 457 T =L =1 R ATLAA
RG2S DKD S8 AL NI SEAE B

BRIV 8 A E BT Ay. SU 4554
SRR, B R AT LG i Nef2/HO — 13 % 1 35 [
Ik MCs B /NER R B AN I RLIA ROS JK-F-(P <0.05) ,
B E$EE SOD \GSH ik K- (P <0.01, P<0.05),
T o W 5 /N % S 4 L 458 4%
3.1.4 Hfh

FHERIR B & PF2 25 vh GRS, B HUR
1 B BTG PR AR S 2 S Y A R
N, FHERIR B AT LA 25 FEAR S 4H 40 Mg 1% % ROS
IR, IR AL Smad S5 A 5 2 ( phosphoryla-
ted SMAD family member 2, p — Smad2)/Smad2 #{ X}
FEIKFE(P <0.05,P <0.01) , g FHREAL p — NF - kB
p65/NF — kB p65 .p — Smad3/Smad3 #1 TGF - B1 #H X}
KK (P <0.05,P <0.01) , f&7n FHITR B fEGZ AL
LWEPRIRE I db/db /N LAY B 2T AEAL AN RAE S, HoATL
T RESEIL I NF - B 51 Nef2 Bipk sz ™

LR S NZ B PRI ZHREY, B
APLR PR 38 0 5 U  2 BAER
FERE IR, 28R AT LUGE L #E Nif2/ ARE
I % S 0 SOD i i A8 16 ) I AL i ( manganese —
containing superoxide dismutase, MnSOD ) 1 GSH ik
(¥JP<0.05), B EFEIK ROS F, B3 T i MDA
TGF - B1 NF — kB ik (14 P <0.05) , 1 il 5 g e w1
F 551 DKD R B AR A IO 80T 98 R S L, DA T il 35
(EEIRZ I

KREWIFRY], SEGH 2552 I M T, 2 B ik
HATEVER B — S R, 25 2% B 55 2 R A

WA ST IR AN [R] R 28 1 B A A5 4 PT DARE [ 4 T
Nrf2/HO — 1 {556 538 B , 1 1 400 1] 248 M 1o 44 1
T JNE BV S P R e R S R A0 R T, e
AL, A UEZE DKD & R, A E RN
I FH 5% o
3.2 PHEA

HHEEHE I DKD J5“ B H A I IEAS A, T
R RA AT LR A R A5 55, A Hg LAt B
SORBARE N E, bR 2 ORI i EE KR R B TGS
DKD %2 241 & pL il , B — 8 2 Wna P A B R
BRI o i e 245 52 7 S L AR N B R
e Gl 2 B 2R AR 2 PR A,
FEFESZ DKD fEFE R4 T fig B el 38 G RE R O 1f
JiE B HH R ) A1

KAl PR 5 FERF Y 3R B, Ak 2 G 2 5 nl Ll
LA Nef2/HO - 138 f% k#2825 3AE T, AL RE
A RGE MERR AC ZE AL, BEAR MBS A I FEBT R
LA DL ID ] 2T 4 b HE 5 TE RS IR
YRSy T R AR E AR, ASER 3 N A R I A 7
BRI

ANMHLE AL, AR BT (N LR E ),
AT FEFE IR R, BAWANE I Z )34, &
FFiRY7 51 DKD J& iF B B g i . SRRl oE &
B, 75 WA 1 B8 L B 24 I3 0T LA v W B R 1 ek
F A Nef2/HO — 1 38 %, 0] S AL L B0 NF - kB
T I D A AR TR R HE % /N ER A AL,
YEFIBLII AT e S350 Nef2 28 s e v, fe i HAZ e (o
AR BICE DB S WM B LA TR R
B 97 L ER 2L 60 5], X RE AT AL £E 2H 4% 30 141,
ZR T I X R 4 AL 5K 4 A5 G I B UK SF 43 5 A
(7.74 £0.16) F1(5.58 +0.28) mmol - L™ JE{k 1M1 2T
FE K450 H (8.56 £1.72) % F1(7. 64 £0.79) % ,
2 h & J5 o B K 4r A (8.21£0.85) Fi
(5.69+1.73) mmol - L', Ser 7k F 43 %] N
(75.98 £7.91) F1(70.38 +5.26) pmol + L™ JREE [
HEH 22 7K 43 50 4y (8.24 +0.43) F1(7.21 £0.61)
we min ", 98 SR FE [ F — o (tumor necrosis factors
alpha, TNF — o) 7K °F 43 5] Jy (17.48 £0.21) F
(9.56 +0.19) ng - L™, FiRiEHr7E 2 4] iR, #2458
T2 FZ R G EE X (¥ P <0.05) , RSB
M HUEA PU 259697 DKD BT 308 %, 7T LB 3 [
TR B I REFR AR bRoKF-, B PR RAE A BKF o

AT, BT CRIMEEEGE) , 2R ARt
Blsr , R R TR B Z D, A EH T
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DKD H 8L SR I, I R 9T R, #h v 28 < AT
DL 0 R S B R, B B U RE . ZHANG 261
K E B E Sk 0 4 STZ 175 511 DKD K B
ERRNA LA, b b g S L A SR 4 Ser T 24 h JR
FIAE T HE I & K- 2 2 REAR (3 P <0.05),
IL - 18 IL — 18 \NLRP3 HI TGF - B1 223k 7K -1 FA%
(# P <0.05) ,Nrf2 Fi1 HO — 1 8 [ AH % 335 K -1
BEWM(P <0.01,P <0.05) , LU 5 A 1 1
B3 AT DL I S Nef2/7HO — 1 58 B, 06 E SO0,
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