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[ ZE] HHE: HWITASEHF R HIRE (DM) /NEE S AP ER, IF AR FLH .
Frk: N R R IR LU TSR T R (STZ) Bl A PR B IE g (DKD) AR, K48 H
C57/BL6 BB/ ERBEHL A IR ZH | B LM 240 G 7 2 (Nrf2) 315 ML385 41 (ML3854H)
(30 mg-kg™' ML385) . AZ2H Rh14 (G-Rh14l) (30 mg-kg ' AZRE1F Rhl) 1 G-Rhl1+ML3854]
(30 mg-kg™' A Z 214 Rh1+30 mg-kg™'ML385), A4l 12 1, 5412 H C57/BL6 /N BRAE X B4l .
YEF 8 JEJG . 4 H s 20 B AR I 45 20 /N B 7 Hh 25 B i g% (FBG) . JRZE A (BUN) A LEF (Scr)
KV B PR 24 hIREE A (24 hUP) K-, FFHRCE WSS £, 0700 Gk i 45 4 /0 BUE L 80 8 0
Ak (SOD) ML AR (LDH) &M AN 8 (MDA) 7KF, Western blotting 1 K Il £ £ /)]s
B 14U Nef2 AT Z AR 1 (HO-1) HEHFRKF, GF. S, BSR4, ML385 41
G-Rh1+ML38541 /)N B % o FBG K- F ' IEHE £ B 7+ i/ (P<<0.01), G-Rh14l/hEUm s+ FBG
KB B TFE (P<<0.01); SHAI4 e #, ML385 4/ IEFs % & 7F & (P<<0.05), G-Rh14
/N ELFBG 7K - F1E E 45 B0 B B R C (P<<0. 058 P<<0.01); 5 G-Rh14H %, G-Rhl1+ML385%4H
/N FBG K- AU IEHE B4 B BT (P<<0.01). SXFHR4H A, #iM4] . ML3854 . G-Rhl 4l Al
G-Rh1+ML38541 /N Bl i H BUN FT Scr /K KPR 24 h UP KRB B T+ (P<<0.01); SHEERIZ
Fe#, MIL385 4/ UL BUN K- K JR i 24 h UPKSEH B 8 FFR (P<<0.05), G-Rh1 41/
7 P BUN A Scr K K R W 24 h UP KB B R (P<<0.01); 5 G-Rhl1 4 %, G-Rhl+
ML385 41 /)N LI v 1 BUN il Scr K F K2 R h 24 h UP KSF #4180 B 7h & (P<<0.01), 5% R4 1%k,
AL . ML3854] . G-Rh1 4 fil G-Rh1+ML385 21/ fl B 41 21 v SOD 1% #: ¥ 0 W B Ik (P<<0.01),
MDA K- F1 LDH i HE ¥ B 8 7F & (P<<0.01); S5BIA Hd, ML385 41/ EUE 441 SOD i 14 B
WML (P<<0.05), MDA KB BFHE (P<<0.05), G-Rhl#4H/NREHLh SOD G Bk (P<
0.01), MDA /KFF1 LDH I P4 B B &AL (P<<0.01); 5 G-Rh1#HH#, G-Rh1+ML3854H/NEE4H
21 SOD IE M I B FEAL (P<C0.01), MDA K1 LDH i ¥ 0 8 7F & (P<<0.01). S5XFHR4 s,
BRI . ML38541 . G-Rh1 4Ll G-Rh1-+MIL385 41/ BLE 4 41 Nrf2 il HO-1 25 1138 12k 7K 7 2 B 8 [%
i (P<<0.058; P<C0.01); SR LE, ML3854 Fl G-Rh1-+ML385 £H /) Bl B 41 21 Nrf2 fl HO-1
EHFIBAKEHIE A (P<<0.05), G-Rh1 /MRS H 204 Nri2 f1 HO-1 % H R 5 KF ¥ I 8 7 5
(P<<0.01); 5 G-Rh1H#, G-Rhl1-+ML3854 /M E 4141+ Nri2 f1 HO-1 8 H 3 5 K F 34 B {2 BEAIG
(P<<0.01). &it: AZSRAF Rh] ATRRACEIL N B, o085 B ohag, X DM /BB IR0 2 PR 1R
HAE FIHLH AT BE 5 38006 Nrf2/HO-115 538 f A 6 .
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Ameliorative effect of ginsenoside Rh1 on kidney injury in diabetic
mice through activation of Nrf2/HO-1 signaling pathway
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DONG Zhiheng®
(1. Department of Biochemistry and Molecular Biology, School of Basic Medical Sciences, Beihua
University, Jilin 132013, China;2. Department of Pathology, School of Basic Medical Sciences,
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ABSTRACT Objective: To discuss the protective effect of ginsenoside Rh1 (G-Rh1) on kidney injury in
the diabetic mellitus (DM) mice, and to clarify its mechanism. Methods: The diabetic kidney disease
(DKD) model was prepared by using the high-fat, high-sugar diet combined with intraperitoneal injection of
streptozotocin (STZ). A total of 48 C57/BL.6 model mice were randomly divided into model group, nuclear
factor erythroid 2-related factor 2 (Nrf2) inhibitor ML385 group (ML385 group) (30 mg-kg '), G-Rhl
group (30 mg-kg™ "), and G-Rh1+MIL385 group (30 mg-kg ' G-Rh1+30 mg-kg ' ML385), and there
were 12 mice in each group. Additionally, 12 C57/BL6 mice were selected as control group. After treated
for 8 weeks, automatic analyzer was used to detect the levels of fasting blood glucose (FBG) , blood urea
nitrogen (BUN), and serum creatinine (Scr) in serum of the mice in various groups, as well as 24 h urinary
protein (24 h UP) levels in urine, and the kidney index was calculated; kits were used to detect the activities
of superoxide dismutase ( SOD ) and lactate dehydrogenase (LDH), and the levels of malondialdehyde
(MDA) in kidney tissue of the mice in various groups; Western blotting method was used to detect the
expression levels of Nrf2 and heme oxygenase-1 (HO-1) proteins in kidney tissue of the mice in various
groups. Results: Compared with control group, the levels of FBG and kidney indexes in serum of the mice
in model group, ML385 group, and G-Rh1+ML385 group were significantly increased (P<C0.01), and
the level of FBG in serum of the mice in G-Rh1 group was significantly increased (P<C0.01) ; compared
with model group, the kidney index of the mice in ML385 group was significantly increased (P<Z0.05),
while the levels of FBG and kidney index of the mice in G-Rhl group were significantly decreased ( P<<
0.05 or P<C0.01); compared with G-Rh1 group, the level of FBG and kidney index of the mice in G-Rh1+
ML385 group were significantly increased (P<C0.01). Compared with control group, the levels of BUN
and Scr in serum, and 24 h UP in urine of the mice in model group, ML385 group, G-Rhl group, and
G-Rh1+ML385 group were significantly increased (P<C0.01) ; compared with model group, the level of
BUN in serum and 24 h UP in urine of the mice in M1.385 group were significantly increased (P<C0.05),
while the levels of BUN and Scr in serum, and 24 h UP in urine of the mice in G-Rhl group were
significantly decreased (P<C0.01); compared with G-Rhl group, the levels of BUN and Scr in serum,
and 24 h UP in urine of the mice in G-Rh1+ML385 group were significantly increased (P<C0.01).
Compared with control group, the activities of SOD in kidney tissue of the mice in model group, ML385
group, G-Rhl group, and G-Rh1-+ML385 group were significantly decreased (P<C0.01), while the levels
of MDA and LLDH activities were significantly increased (P<C0.01); compared with model group, the
activity of SOD in kidney tissue of the mice in MI1.385 group was significantly decreased (P<C0.05), and
the level of MDA was significantly increased (P<Z0.05) ; the activity of SOD in kidney tissue of the mice
in of G-Rh1 group was significantly increased (P<C0.01), and the level of MDA and activity of LDH were
significantly decreased (P<C0.01) ; compared with G-Rh1 group, the activity of SOD in kidney tissue of
the mice in G-Rh1+ML385 group was significantly decreased (P<C0.01), and the level of MDA and
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activity of LDH were significantly increased (P<C0.01). Compared with control group, the expression

levels of Nrf2 and HO-1 proteins in kidney tissue of the mice in model group, ML 385 group, G-Rhl group,
and G-Rh1+MIL385 group were significantly decreased (P<Z0.05 or P<C0.01); compared with model
group, the expression levels of Nrf2 and HO-1 proteins in kidney tissue of the mice in ML385 group and
G-Rh1+ML385 group were significantly decreased (P<C0.05), while the expression levels of Nrf2 and

HO-1 proteins in kidney tissue of the mice in G-Rh1 group were significantly increased (P<C0. 01); compared

with G-Rh1 group, the expression levels of Nrf2 and HO-1 proteins in kidney tissue of the mice in G-Rh1-+

ML.385 group were significantly decreased (P<C0.01). Conclusion: Ginsenoside Rh1 reduces the oxidative

stress and improves the kidney function, providing protective effects on kidney injury in the DM mice, and

its mechanism may be related to the activation of the Nrf2/HO-1 signaling pathway.
KEYWORDS Ginsenoside Rhl; Diabetes; Kidney injury; Nuclear factor erythroid 2-related factor 2;
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B IR JR B I 95 9% (diabetic kidney disease,
DKD) &Il R b UL A — i M B i, HGR i B
B, B L MR O AL . A B RIE
A WEE T 207 R, BT IR SRR T
T, FR 3 A DR X LA ol A 1 B R R B
Wy, UG E A AR . Ik, #RT DKD &
i L) B2 HAT 0697 T Bede H A I R o 7 A e 1) [1)
M, WEoE S WoR s BN T B % % DKD Y —
ASOCHE il R, B LD 2 A G R F 2
(nuclear factor erythroid 2-related factor 2, Nrf2) f&
I R A 2 AR i P AR A R A 0 OC B B s I
-, o R R Wb AR AR DA e R R A
fif 4 (glutathione peroxidase 4, GPX4) FIfil 4L &
Jn% B 1 (heme oxygenase-1, HO-1) 24, 5%, ¥
AN A A, DR AN M S A e AR . R
2 Mg LT B, Nrf2/HO-138 #% 5 DKD A % )
FHK, Nri2 @ BRI R A (diabetes mellitus, DM)
N, HO-1RIK T, 5 W 2H 205 Ak 32 1 &
TV Nrf2 a] LA ) S04k 7 03 1 s % DKD 19 '
EH 05 . BT, Nrf2/HO-1 15 538 % & B /e b
BijiA DKD g f8 2 —, 0 1) S f R O DKD v
TEIRYT KM . fE DKDIGYY i, FERGRABZ
Moy, ZRE AN R B, al i
fb 4 K W+ Bl (transforming growth factor- g1,
TGF-B1) FINrf2 4 Z F 5 5l B, K95 805 b IR
FOBFZRTEL . R A A SO SAE B . PUET Ak )
WA AT SEZEMEN T, FEh, ASEREA
RO AT AE B 16 DM B AR MR R 98 " H 42
W, RREARTIOETE Y BoR . RS R
T B A 410 1 S S Y R R /N L R A ] BT
Fede, S A4ife; A2 2H Rh2 R IR DM

KRG ZUE AR R SR R A 8] R 45 e 4k, PR 0
LR E . H H A5 2¢ T A 2 21 Rhl X DKD 5 ik
40 B 16 VR T B9 A GBI 58 e b o AR BFSE A DKD
BEAUNEL, #R3T A S 37 Rhl X DKD A CGEAE A,
JF5E F Nri2/HO-1 {5 5 38 i 3F — 25 ) B AR H AL
i, LA DKD B 6 4 L S5 50448 FHr ity L

1 AR

1.1 SB3#Hh TZ2XMNFNE 60 L SPFHE6H
By HEME CS7/BL6/NR, AF 20~24 g, WA KF
¢ SE 95 Sh W) He AR A R STAE A A, s A 7 1 af
IE 5. SCXK () 2018-0007. #f Wk £ B %
(streptozotocin, STZ) W H 3 E Sigma /A F], Nrf2
3041 3] ML385 g [ 32 [ CSNpharm 24 7, A%
H Rh1 (4R R 98% ) s MROR 222 Bede fit, i
WUEF (serum creatinine, Scr). JRKE % (blood urea
nitrogen, BUN) . J® &£ H (urine protein, UP) .
B AL W) B AL B (superoxide dismutase, SOD) |
N . (malondialdehyde, MDA) FilZ R i & i
(lactate dehydrogenase, LDH) i 7] & 4 {4
A A Y TR SEAT , Sedt Nref2 F HO-1 Hit 4
F2E BT S — bt S ECL B 80K 7 & 29 A 3¢ E
Proteintech 2% @) » #5 [ 3k 4 B 3€ [ Bio-Rad 2
A, 2 H AR AE [ &t Tecan 24w, HE R AR
F %W A 8 [ Analytikjena A 7l

1.2 DKD#A A& . s@F%H  HHooH
C57/BL6/NFUE WP FR 15, BEALZE B iy
10 HUNRAE A BRAL (45 73858 R MR ), R
50 HUFH T B0 /N B 7 B iR (R LA R
HOATA 1026 Bl . 2026 ERE . 2. 500 RRIEEEA 106 10
MRih) MEFR. WRIFRARE, EBUNEEEEAEEK 12 h,



1568 TR 224 (BE 2 i)

$(50% 6 20244E 11 A

FZ M50 mg-kg WIS EST STZ, #LLHS 5d, W
Xof HRZH /I BRSO S S5 A R B R R 22 v . TER IR
SR B A 7 KR KR I A I 23 I I % (fasting
blood glucose, FBG)K¥F, FBG=16.7 mmol-L~*
HHfE I DM AR, BRrZs 2 HOR B/ (90 A iR
), F 4 DM BRI B AR 0 R gk 2 W R
4 J8, WS 24 h R, UP=30 mg-dL~"EJ 4 DKD
BRIV o K 48 L DKDAE A /N FRUBE HL 43 Ry AL AL 4
ML3852H . AZ 4 Rh14l (G-Rh14l) FIG-Rhl+
ML3854H, #4112, HrhML3854 . G-Rh1ZHAl
G-Rh1-+ML385 4 /N H 1R 431457 30 mg-kg ™
ML385 i J# 1 5 . 30 mg-kg™" AZ a4 Rhl #E IR
130 mg-kg™' A Z 2 i Rhl ¥ Ik +30 mg-kg™'
ML 385 I i vE B, JESE SR, S B 3 (] Xof W 26 s
T2 /I BUAS T TR A0 1 e 5 i A FER UK

1.3 2835 ia ) R hFx P FBG,
BUN #= Scr K F & f ik F 24 h UP K -F 58+ 5 B
& LEATHRAET 1 d, S A/ PR S
TR N USCAR 24 h R, 75 B R IRl BRUAR & (B
NEROK, BRHCES O e R BR DT 09 PR T UP K
I 4% 2H /)N BRUTE S 56 4% o AR SR )RR I i AR R SR 1L 32
W M, B0 R UL T EPAY, —20 CIRA7
LT FBG. BUN I Scr 7K S B9 46 . 42 B8 328 5
Ui WA vk, A A 34 B E FBG. BUN,
Scrf24 hUP /K- A48 B B BEFR I 2 )5, 115
B NETE A, B R B="5 WE i i (mg) /IR T £ (g) X
100% o

1.4 AMN&#n&ab R F4ALF SODF LDH
EER MDA KFE B 4L/ BUE 480 20 5 2% il
AR5, 2000 remin~' B0 20 min 5 % ECE
TR, ™R F BEORE R 3 R0 6 10 W 1S O i AT R AR
e 45 4/ BB IE 41 40 SOD #it LDH 1F # &
MDA /K,

1.5 Western blotting #& # ® & 48/ & B4 8
Nrf24e HO-1%& @ & A K-F R & FRRRES A
ANERUB ST G R A BCA Bk b A7 . #4541
A 50 pg B EFRIRE & BRIk B R, T
KW 100 V HL R AE R AR, Jd o 25 E 5 00 it AR
A5 £ PVDF 56 B F Rk B & A 4560 85,
A —¥t, Nrf2 (1:1000) FHO-1 (1:1000),
4 CRRME IR, RHPBST I W Ik & U5 fin
AR 40, ECL L& 5 BB R i, SR H
Image JEAF 3 B 46 1 5% IR BE{E, UL GAPDH i N

Z, IR EMEARBKE. BHWEARSBEKFE=
H 8 A5 K BE (B / N 28 1 2kl I BEEAAL

1.6 it F4# R SPSS 19. 04 H 4k 17
GiitsE o br. A/ RUENETE 8L, i T FBG.
BUN F1 Scr K PR H 24 h UP K, 2541/ i)
B 4141 s SOD # LDH i 4 & MDA /K, B8
HNr2 T HO-1 85 H R B K F /5 IES 0, L
xts TR, ZYLIRIREAR BB BRI BN & 2 4%
B, 2B R A Y B0 PR L R SNK-g K 56 . LA
P<<0.05 S HGIT¥E L.

2 & B

2.1 BANRKeFAFPFBGRERERIEL SXF
WEZH e, AL . ML38541F1 G-Rh1+MIL38541
/NERUILTE T FBG 7KF FE BE 48 B4 0] W Ty (P<<
0.01), G-Rh1ZH/MRUiEH FBG/K PRI E (P<
0.01). SR, ML385 4 /N I F5 5
AR (P<C0.05), i FBG K25 K41t
¥ X (P>0.05), G-Rhl 4/ %+ FBG K
SR RS O B R (P<<0. 058K P<<0.01). 5
G-Rh1 4%, G-Rh1+ML3854H /MR L% FBG
JKP T SR B4 B B R (P<<0.01) . WL 1,

#£1 BH/WNRFBGKT-H 5

Tab.1 Levels of FBG and kidney indexes of mice in various

groups (n=12,2%s)
Group FBG Kidney index

[,/ (mmol-L™")] [my/(mg-g™ )]
Control 6.61+1.04 7.52+0.69
Model 23.58+2.23" 10.48+0.58"
ML385 24.524+1.51" 11.77+1.04
G-Rhl 11.8541.66 8.49+0.96°
G-Rh1+MIL385 24.1341.477 11.39+1.12""

‘P<C0.01 ws control group; “~P<C0.05, 24p<0.01 wvs model
group; "P<C0.01 vs G-Rh1 group.

2.2 RA)R aEF BUN A Ser K-FE KR F
24h UPARF EXFMA b, BA4H , ML3854 .
G-Rh1 £ Al G-Rh1-+ML385 £H /s LIl 7 7 BUN FiI
Ser KR R 24 h UP KB B BI85 (P<
0.01)., SR A, ML3854. /R BUN
HKOFFI PR 24 h UP KB 8 7H i (P<<0.05),
ME o Ser/K FZERILGIFFE X (P>0.05),
G-Rh1 41 /N B 1fi % BUN Al Ser 7K 3F K JR &
24h UP K-35 8 B REAE (P<<0.01). 5 G-Rh14]
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o, G-Rh1-+ML385 41/ I ¥ H BUN #1 Scr
TR Je PR 24 h UP KB B T+ (P<<0.01) .
W2,

2.3 Z4@APR AL P SOD A LDH & H A MDA
RFE EXTEAI R, BRI ML38541. G-Rh14]
1 G-Rh1+ML385 2 /N [ ' 2H 21 h SOD i 14 4 1]
AR (P<<0.01), MDA /K1 LDH i % £ B
B E (P<<0.01), SRR LH, ML385 41 /)
UE 4120 SOD TR M B B R IK (P<C0.05), MDA
KB B TF R (P<<0.05), LDHE M2 L% it
#E S (P>0.05), G-RhlZH/MEEHL0H SOD i
PRI B TR (P<<0.01), MDA JKFF1 LDH 7
BRI (P<<0.0D). 5 G-Rh14l#, G-Rhl+
ML385 20 /)5 BB £ 21 v SOD 1% % B B A% (P<<

F2 FA/NRMEH BUNM ScrKFERIRBH 24 h UPKFE
Tab.2 Levels of BUN, Scr in serum and levels of 24 h UP

in urine of mice in various groups (n=12,x+5)
BUN Scr 24 h UP

Group . .

[ep/(mmol- L™ [¢y/(pmol- L7 ] (m/mg)
Control 8.6140.96 19.76£1.79 2.6040.51
Model 31.62+2.12" 42.76+3.31" 9.214+1.03"
ML385 34.5842.26"  45.894-3.93" 10.3740.62"~
G-Rhl 17.2942.98"% 29.35+3.20"  6.72+0.70"""

G-Rh1+ML385 34.31+2.16™%  44.95+3.91% 10.16+1.14™

'P<C0.01 ws control group; “P<C0.05, ““P<C0.01 vs model
group; “P<20.01 vs G-Rh1 group.

0.01), MDA K EM LDHIGE MW B8 (P<
0.01), W#3.

#3 FAUMRBALR D SODF LDHF MK MDA K
Tab. 3 Activities of SOD and LDH and levels of MDA in kidney tissue of mice in various groups (n=12,x%s)

Group SOD[A,/(U-mg™"] LDH[A,/(U-g™")] MDA[m,/(pmol-g=")]
Control 279.09417.52 959.57438.97 3.3140.29

Model 150.80412.66" 1857.53+107.11° 8.85+0.19"
ML385 129.954+17.73"4 1934.92+87.02" 9.57+0.53"
G-Rh1 207.88+14.744% 1340.28+87.21"4 5.40+0.4144
G-Rh1+ML385 132.76+9.09" 1891.164-69.90 9.4140.57"4%

"P<C0.01 ws control group;~P<<0.05,”*P<C0.01 vs model group; “P<C0.01 vs G-Rh1 group.

2.4 BADRABFAZRPFN2HAHO-1EZ G k&
RF SXFHRAIE:, A ML38541. G-Rh14l
1 G-Rh1+ML385 4 /s Bl 4 2L vh Nrf2 #1 HO-1 28
H 235 K 2 B B R (P<<0.05 8¢ P<<0.01) .
IR %, ML385 4 Fil G-Rh1+MI1.385 44 /s
REHA P N2 HHO-1 8 1 £k K FE W g
Mk (P<<0.05), G-Rhl4/NEUE2H 40 Nrf2 Al
HO-1 & U KB K FHH BT & (P<0.01). 5
G-Rh1 4 %, G-Rh1-+ML385 4 /) fl 15 4 2
Nrf2 fil HO-1 % (1 % ik K F 3 0 W & (P<
0.01), WL 1MFE4L,

K 5 I

B DM Y H 2245 2, i DKD Br 3 28U 20K
1 R R R i R 38 U R A DR A IR AT
Fo R s mOREEREE T A SN a4 5E R )
b, AR NELFAEAL DN REZRTL, R b £ 2R
D REATYE D RE A, RO AR SR RO
WG 351 D00 3 1M 98 P Ser A BUN K P F 5 o £ 19

1 2 3 4 5 Mr

NI i e ammmm == ]]( (000

HO-1 W S —— s w33 000

GAPDH o esie SHNS e wmm 36000

Lane 1: Control group; Lane 2: Model group; Lane 3:
ML385 group;Lane 4: G-Rh1 group;Lane 5: G-Rh1-+ML385 group.
Bl BANMFEARF Nef2f HO-1 BHRIBHEXE
Fig. 1 Electrophoregram of expressions of Nrf2 and

HO-1 proteins in kidney tissue of mice in various groups

Thode vy R M. m BE PR BN 0 M 4L (reactive
oxygen species, ROS) 7K FF+ & Br 51 & i & Ak B
WG SRR E DKD W EZERE . "4k
eI NEEN  NE 7 Gl N 1 N e o)
ROS 51 5& 1) 20 LA B 1, PR A E Ak 5 P
AR AR 0 — iR 2, A B 4 Bl H] 46 3 78 DNA
A BORR BT A A, BOA O R AL S &
PR I fa B R R . 7EIE RSO T , HLIR N AR
AT P A B A T A B PR A R G
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F4 FHANREARF Nef2F HO-1 BHREAKF
Tab.4 Expression levels of Nrf2 and HO-1 proteins in

kidney tissue of mice in various groups (n=12,2%s)
Group Nrf2 HO-1

Control 0.600.11 0.89-0.12

Model 0.2440.06" 0.2840.05"
ML385 0.1440.04"" 0.154+0.04""
G-Rh1 0.52+0.06"" 0.514+0.10"4%
G-Rh14+ML385 0.1540.04"4* 0.184+0.03"%

‘P<<0.05, “P<<0.01 ws control group; “P<20.05, ““P<C0.01 vs
model group;“P<C0.01 vs G-Rhl group.

B, MAEREZEmAERE T, BAEME T B A H
A S AL S5 ROS A R & 7 4, Jl o 78 B 4
ZUh R — PR S P BRI RS, 3
ALV T AR AR R . xR
A, BiAYZH DKD /) Bl i o FBG 7K ¥ FilE ik $5
BT E, B LDH WG MR AR B i A
e 277 ) MDA JK P 5 Tt &, e 8 4k il SOD
W] S REAK, 3% P Ser MBUN K 24 h UTP /K F
W, 4R DKD /N BRUE IE 800 S A Ak 0
05 U D RE BB

A Z B Rh1 2y U BR =i ik B e B2, o —
FRPEB NIRRT, BT AS=mAL, 1B N
AR, AZBHERMEASHEER D, FEN
AP, Rgl flRe % A S = BRI HAE
e Ui B A AFOIR SR TR AR Rh1, 5 B Al A 2 T
Rgl fl Re Z b #%, Rh1BE ) T AW, AARE
WA B Y R NS B AF Rh1 W]
it NP TGF-B1/Smad 15 53 #% 9 2 T E A1k
YAk ; NS 21 Rhl Al 3a ik 40 i i3 40 i C-C
TRk 20 (C-C chemokine lizgand 20, CCL20)
MR RO R RE, 2L AR B R
72, I Wnt i g A E AR  AE A SR
Rh1 i@ & 3 95 5- B R M i
monophosphate, AMP) % 1k &£ A ¥ B (AMP-
activated protein kinase, AMPK) /#§ 5 ik ULEE 3 3
M (phosphoinositide 3-kinase, PI3K) /% [ ¥4 B
(protein kinase B, Akt) 1§ 5 i@ % 1fi ik ¥ DKD,
3 0 h c-Jun & FE K w3 B (c-Jun N-terminal
kinase, JNK) /P53 {55 i, R IUE1 5 5 (9 40
MEPET . A, AZBAT Rhl Al LU i A [ 3% 12
TALR G 06 1, I SAE SN . AR WF ST AE R
A AZRAF Rh T UG, DKD RN R

(adenosine 5'-

FBG 7K 148 2000 8 A%, B 41209 SOD %
PETFE , LDH i P A MDA /K FAK , 1 o Ser
A BUN /K & SR 24 h UP 7K S ¥ B 8 B AR,
PR NS A RhL ] BEAR FBG KF, 05 A Ak
B, o ETh AR, X DKD /N B 0 B A
T4 EH .

Nrf2/HO-1 155 38 B J2& Ak i J5t i 72 v 19 5 22
VR . IE R AR FDIRASTR 40 M5 P Nrf2 LU
52 AT AR FE A A O AR AR TR, YAz 3
ROS %533 J5 , M5 N 1 Nrf2 5 Kelch # ECH #H
* M 1 (Kelch-liked ECH-associated protein 1,
Keapl) %&‘EfG#3IE, Nri2 %635 A4t , @
i Maf & A 5 5 30 & 4k )2 W Jo 4 (anti-oxidant
response element, ARE) 54, G T I 40 3%
BESk, S ALK 4 HO-1 I GPX4 25 3t 4 1k il
DL R HLAR E L0 SRR ST, R T S A i 1 1
FH . e N2 A 5 0 4 Ak i 3K L 2 ik ke 41 41
0 o 2 AR AL B IR B h o BF g Y R
Nrf2/HO-1 i # 5 DKD., DM > JLJ% (diabetic
cardiomyopathy, DCM) FIDM /& {5t % DM I & i
R B, 006 Nrf2/HO-1 15 538 5% a] AR 2 Ak
PR R RE R, B3 DKD K BUE BE A DCM /)y
FLONURGT, IF PR SF A4, R DM E 55 .
AR AR BR : DKD /MR 4141 Nrf2 #il HO-1
B RIB AU REAT, E AR BOKF LS D) e
135 Nrf2 ##i 57 ML385 4L, 478 DKD /M RFF
P05 5 Nrf2/HO-1 {5 S Hl A ¢, AT AS R
1 Rhl T# )5, DKD /NERE 4404 Nrf2 fl HO-1 %
R IR T, AR OK T REAR, B ) R R fs
M, M4 T Nef2 ifil 5 ML385 )5, G-Rhl iy ik
TRAPVE RS ], $278 A2 241 Rhl ol 3@ i i
% Nrf2/HO- 155 3@ #% , 905 DKD /)y BUE BES 4

ZE Tk, N2 RAF Rhl GEHE AR A AL B ok
-, AR B E T AR, X DKD /N BUE RE 5 0
BARPER, HAEROLE AT 68 5 H 8 0E Nrf2/
HO-1{5 5 % . 25 4 8P A KA %

PR R

JIv A A 3 7 AR A7 A ) 4 2

EE B A

M2 5ig skl B ARIE CIRE , MESS
T2 BRSO R L, BRRGA R R T 2 S e E, B
TIRMEAER S SIS0, THRES 5EEE A,
#EE S 5 LR BT e SCH L



wo W, 4. AZ R RhLE WS Nrf2/HO-1 {5 5 38 8% 65 R /N BB RIE 58 05 B 8 41 11 1571

(&% 30k ]

[1] BONNER R, ALBAJRAMI O, HUDSPETH J, et al.
Diabetic kidney disease [J]. Prim Care Clin Off Pract,
2020, 47(4) : 645-659.

[2] HALMINEN J, SATTAR N, RAWSHANI A, et al.
Range of risk factor levels, risk control, and temporal
trends for nephropathy and end-stage kidney disease in
patients with type 1 and type 2 diabetes [J]. Diabetes
Care, 2022, 45(10) : 2326-2335.

[3] WANGIJY, LIU Y, WANG Y Q, et al. The cross-
link between ferroptosis and kidney diseases [J]. Oxid
Med Cell Longev, 2021, 2021: 6654887.

[4] WU H, KONG L L, TAN Y, et al. C66 ameliorates
diabetic nephropathy in mice by both upregulating
NRF2 function via increase in miR-200a and inhibiting
miR-21[J]. Diabetologia, 2016, 59(7): 1558-1568.

[5] LIS W, ZHENG L S, ZHANG J, et al. Inhibition of
ferroptosis by up-regulating Nrf2 delayed the progression
of diabetic nephropathy[J]. Free Radic Biol Med, 2021,
162: 435-449.

(6] METW, B &, 2 5, % BRALINHTGF-g1HE
W R 9 B s /N BRE R 05 M AR A AR (D). oh [ 24 B A
il iz , 2023, 39(10): 1988-1993.

[7] SREIR, £ B 252500 3h 7 0l PR B s 1 2 B4R
Ll R LI 58 o e [T ], v [ 52 36 07 ) 2 24 45, 2019,
25(9): 228-234.

[8] % B, HthzE, & 3, 5. AS B HRg3M T m#s
TN N BR AR A0 N B S A L R IE BV FIPTX3
MRIBLT] M A RFFMOAARES TR, 2020,
33(1):55-62.

(9] #E W, B PR NS Z WX e R IR A 4 10K R 5
SEHE RN [T]. NS5, 2023, 4(2):6-8.

[10] #22%, Pk 36, & k. AZ 21 Rgliif miR-144/
Nrf2/ARE @ #X5 H JR s K BT 540 f s ma [T]. o [
AR R 2024, 1(44) :116-121.

C1T] M wg, A 3, & %, 5. KL S A 1) m
V55 KBUE/INE b B 4 8] 58 B e A 40 ) AR T A
FEHLHI[T]. 3 AROR 2 2 4l (B 22 R, 2022, 48(5) -
1182-1189.

[12]dh 85, & 79, E&HRME. AS 24 Rh2X IR % KR
O LA AR I 9 52 [T]. db A R 7 2 e ([ AR Rl 2
I, 2015, 16(6): 741-747.

[13] M W1, Z/mAT, 8 &, % AS IR 2R E
9o 78 O B A O B AR A T B LR [ ], 3 AROR 2
F(EARR) , 2023, 49(5): 1168-1173.

[14]CHEN Y Y, PENG X F, LIU G Y, et al. Protein

arginine methyltranferase-1 induces ER stress and

epithelial-mesenchymal  transition in renal tubular

epithelial ~ cells and  contributes to  diabetic
nephropathy [J]. Biochim Biophys Acta Mol Basis Dis,
2019, 1865(10): 2563-2575.

[15]JHA J C, BANAL C, CHOW B S M, et al. Diabetes
and kidney disease: role of oxidative stress[J]. Antioxid
Redox Signal, 2016, 25(12): 657-684.

[16] HONG Y A, LIM JH, KIM M Y, et al. Extracellular
superoxide dismutase attenuates renal oxidative stress
through the activation of adenosine monophosphate-
activated protein kinase in diabetic nephropathy [J].
Antioxid Redox Signal, 2018, 28(17): 1543-1561.

[17] SAGOO M K, GNUDI L. Diabetic nephropathy: is
there a role for oxidative stress? [J]. Free Radic Biol
Med, 2018, 116: 50-63.

(18] ARk, sk b, B =&, % 3 T CCL20/CCRE# T
N Z B Rh1 I 45 3L 1 0 20 B A 5 AR T AL LT ).
v [ 25 3 2 5 EE AR 2k, 2021, 35(10) : 756-757.

[19) W WE, =R, 2= B, % AZ 2 RhLil o Wntid
6400 ) AR A SAO AN H 3 B ) ML [T, BAR e
P2, 2020, 28(18): 3134-3137.

[20]SU W Y, LI Y, CHEN X, et al. Ginsenoside Rhl
improves type 2 diabetic nephropathy through AMPK/
PI3K/akt-mediated inflammation and apoptosis signaling
pathway[J]. Am J Chin Med, 2021, 49(5): 1215-1233.

[21] YANG Q, QIAN L, ZHANG S. Ginsenoside Rhl
alleviates HK-2 apoptosis by inhibiting ROS and the
IJNK/p53 pathways [J]. Evid Based Complement
Alternat Med, 2020, 2020: 3401067.

[22) & &, TN, /N2, A 6T Nrf2/ ARE(E 5 il i#%
PRS2 AR A0 TT 980 4% I 2 0175 T 00 O R A M i 8 0 1
PERLT]. s E S22k, 2021, 37(18): 2206-2211.

[23]SUL Y, CAO P, WANG H Y. Tetrandrine mediates
renal function and redox homeostasis in a streptozotocin-
induced diabetic nephropathy rat
Nrf2/HO-1 reactivation[J]. Ann Transl Med, 2020,
8(16): 990.

[24] ZHAO C H, ZHANG Y, LIU H Y, et al. Fortunellin

protects against high fructose-induced diabetic heart

model through

injury in mice by suppressing inflammation and oxidative
stress via AMPK/Nr{-2 pathway regulation[J]. Biochem
Biophys Res Commun, 2017, 490(2): 552-559.

[25] WANG S H, SHI M, ZHOU 1J, et al. Circulating
exosomal miR-181b-5p promoted cell senescence and
inhibited angiogenesis to impair diabetic foot ulcer via the
nuclear factor erythroid 2-related factor 2/heme

oxygenase-1 pathway[J]. Front Cardiovasc Med, 2022,

9: 844047.



