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(CI-AKI) HEEURFRAEFEMRIIAIFM o [J75] HF 40 2 SD HEME R SUENL 3 9t fiZH
(CONH) ~ A (MODZH) ~'BHT4H (SDN) MEHFET+ML-3854H (ML) . HHL 10 H -

SDN ‘A7EERHT 1 A A ESFTKRIFES , ML AESZTAHNEM FHEIIML-385 (Nrf2 ff 1%

FHITR) REREEST o A A RRIME EThEE (SCr~ BUN) ~ RIEREF
(IL-6 ~TNF-a ~ IL-1B) ~ BAHLREEL ~ BHHASNRIE (GSH ~ SOD ~ MDA) ~ ROS K i

TARBECS KPR E R, GEEENCRNIEH Nrf2/H0 - 1 B E HRIFIAKT o [455%] 5 MOD

HEbBE, SDNAERFRIMEEREFELE, RAERFRPFEM, SHAWEDNER, BHASMRIE

ACFFEAR, ROS ACERAR, JWT-HIECE, Nrf2/HO-1£AF R (P<0.05) ° 5 SDNALHER,

ML AHRFRIME SRR 2, RIERF/KFER, BHAREZSHESE, SHASNNEUKFE,

ROS K F-Him, FT-HHMEE L, Nrf2/HO-1 EEFK (P<0.05) - [458] BFHFTAERT
DIERNE CL-AKT AR VB DIRE, FRIRAER+ ~ SALNBUKF ~ ROS KB T4, &

Nrf2/HO-1 {5 5@ BRIRIL ©
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Abstract: Objective: To investigate the effects of Shendu Ning (SDN)
pretreatment on inflammation and oxidative stress in rats with
contrast-induced acute kidney injury (CI-AKI) by modulating the
Nrf2/HO-1 signaling pathway.Methods: Forty male Sprague-Dawley rats
were randomly assigned to four groups (n = 10 per group): the control
group (CON), model group (MOD), Shendu Ning group (SDN), and Shendu Ning
plus ML-385 group (ML). Rats in the SDN group received intragastric
administration of Shendu Ning decoction for 1 week before CI-AKI
induction. Rats in the ML group received the same Shendu Ning
pretreatment combined with intraperitoneal administration of ML-385, a
specific inhibitor of Nrf2. Serum renal function parameters, including
serum creatinine (SCr) and blood urea nitrogen (BUN), inflammatory
cytokines (IL-6, TNF-a, and IL-1p), renal histopathological changes,
renal tissue oxidative stress-related indicators (GSH, SOD, and MDA),
reactive oxygen species (ROS) levels, and the number of apoptotic cells
were compared among the groups. Western blotting was performed to
determine the expression levels of Nrf2/HO-1 signaling pathway-related
proteins in renal tissue.Results: Compared with the MOD group, rats in
the SDN group exhibited better renal function, lower levels of
inflammatory cytokines and oxidative stress, less severe renal
histopathological injury, lower ROS levels, fewer apoptotic cells, and
higher expression levels of Nrf2 and HO-1 (P < 0.05). Compared with the
SDN group, rats in the ML group showed worse renal function, higher
levels of inflammatory cytokines and oxidative stress, more severe
renal histopathological injury, higher ROS levels, more apoptotic cells,



http://www.biomedrxiv.org.cn/article/doi/10.12201/bmr.202610.00038
BETRENA CRAFATIFE) PEEIIE 1Z SRR, biomedRxivilfa K APREAL. (T ARG R IFATHER A .

10.12201/bmr.202610.00038V1

and lower expression levels of Nrf2 and HO-1 (P < 0.05).Conclusion:
Shendu Ning pretreatment effectively improves renal function in rats
with CI-AKI and attenuates inflammation, oxidative stress, ROS
accumulation, and renal cell apoptosis, potentially through activation
of the Nrf2/HO-1 signaling pathway.[Conclusion] Pretreatment with
Shenduning may effectively improve renal function in CI-AKI model rats,
reduce the levels of inflammatory factors, oxidative stress, ROS and the
number of apoptotic renal cells, and increase the expression of the
Nrf2/HO-1 signaling pathway.
Key words: contrast-induced acute kidney injury; shenduning; Nrf2/HO-1;
oxidative stress; inflammatory factors
XTELAIE S S B (Contrast Induced-Acute Kidney Injury, CI-AKI) &—Fik
BB S B0, REEN TS 2 5, 258EE S S DR Rmi &SRRz —,
AT AR E 2 J5 5% =K% WAYEIE B M OREE [1-3] © KRGSk ARG BE WML
CI-AKI, MIHEAR%L VS DRER IS ) 75 B IMLIBOET IR T A KBS RGN, B AR ST T 2840 KK
[1-4] - REVFZZY) (ARSI ~ BRERZEN ~ N- CEREIEERR ~ JErTHUR ~ VT K295 )
AIHEXT CI-AKI H—EMBalER, 1B B Rl Eo—IbRENIRIT TS [5-8] © HENIEK FHEGE
IS 2 B AR B R KA TT HIRE B SBE 5], RAE TN CI - AKT AR A & 4
[9-10] = [Flith, FHA CI-AKT BYTELE A AL LUK B A B B A BB 16 fe it o gE B HE % 2 &
AImPRSERRE X o BT, FEAESFERADIE J7 DU IEH ARG AR o AR i)
BFFTIESE, "B aE T )7 PALEE T DU 28 s i IRk /e AR a5 TRl B R R AR, (HE ARRYFE AL
il B BHAAER T [11] -
X HE I BRI B S SR LA S B80T 2A0TEMESE (reactive oxygen species, ROS) AL,
SIERRPUL A R, B A UAR BN B NKF, RN PRI R EERY A ) 22 15, X
H AR BAURAN BN TR Z AP EATO, #E5 EMIE 5 M —LEE M ~ DNA L -
AR T BT ~ RAER SR N S DI ReRErs & o HIH RSP ROBIEan A Dt H Ak
(glutathione, GSH) FEEMYE{LEF (superoxide dismutase, SOD) %57] LLiE i ya/b
HAHLATHE _EE (malondialdehyde, MDA) HU/K-FORAEHITEMIER, B2 MDA AYZKF-A]
DIHEid &t ROS YA o i, (RFFHTEMPIEFIER D> ROS A AL a2 I CI - AKT Ji fH A —FPaE
HARERRE - ARSERTRIPTZCIESE, B8 T 7 AL B AT DL E R IR Sk N ARG BE R
FARBUKF[11] -
DIERIRFRUESE, WUEE T E2 #H6KF 2 (nuclear factor erythroid 2-related
factor2, Nrf2) /IM4LZMNEEE-1 (heme oxygenase, HO-1) BIETETEMRES MRS ET
24 A ROS B BEMETIER, T ROS £ RHT £ thik CI-AKT &£ & B EHER &
[12-13] < [k, BUENrf2/H0-1 5 5@ I BERPIA CI-AKI I —FARUT R < BE T &bt
E R P4 P EE R NEBRIRBUZ & B BUS 2 i & A TR TS I BRI 7577, FE& Fii8
BT, BEUSBUFAIRARRCR » BRI A, 'BET A BERTR ~ FTEMN
B, AT DUARGE RSV B D BE RN ~ BT BIREN R & ~ A LA 8%
BIRR SR, B % atk[11,14-15], (HEHEIEAVLH B RIHNER - Nrf2/Ho-1
55 T B A M RO B SO B R DT 2 —, AT B TERE B B TAE CI - AKT AR
FHIER, DATBEE T CI-AKT BAEUK RIS IIEE ~ FiR ~ FIRM B B AR -5 7 AR
W, BEE SR T R AE T Nrf2/HO - 15 5B ERIGE CI - AKT AR SRR B IIRE -
1 BPRERIT5 %
1.1 KR
SD HEME KRR 40 H, 12 A, (AFiE 240~260 g, MTVLAEEELEEYRBARAF [ LKD)
P EFYFRTIES: SCXK (J5) 2023-0009], (AFF THHLITTE KEehsgid, SKIash)
WANES: SYXK (#i) 2020-0015, [AFFEMEIRE (22+42) °C, MHAEE (60+10) %, RADL
B 14h 1 10h EEAC R, AERFHEFIIOK o BASLETEE 28 ST shPAE A TN o AR 5T 22T
LB R E LR EFCE R A 2 HIE (J85: ZSDW2026038) °
1.2 FEAY
BUEEE: SR (T2 ERER AT, EZETF H10970327, 17.59/50mL) ; M§IBE3EEE
SHIE ~ ZEEHERE AR P ERESHR (B E IR R B BRAE]) ; ML-385 (Nrf2 #Ilfil],
5+ Bioss, FEJLH, D61698) ° BEHT: K 90 g~ EFE30 g~ HK%E15 g~ 1515
g UEm2 g-tk=10 g~ HEKE20 g~ KF215 g~ k9 g WAHEETHHEERH
ZERME, EHREIHAR (BE251 g/mL) BFZHREESR. BMATHEST 4°CREWRFE
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1.3 FEHF
Mmiy%5: HLEF (Creatinine,SCr) ~JRER (Urea Nitrogen,BUN) ~ HZfEs
#%-6 (Interleukin-6,IL-6) ~ A/ %-1B (Interlueukin-1B,IL-1B) ~ FEIRILHE
F-a (Tumor Necrosis Factor, TNF-a) FIEEEXGERRICTE (Enzyme-Linked
Immunosorbent Assay, ELISA) &S A& T RBELEY TEWRAT o BHH
GSH ~ SOD 1 MDA il &N TR sl i A AE W) TRERFAUFT » 1§44 (Reactive Oxygen
Species, ROS) YL T HiNF4E /R AEYRHE B R/AE o TUNEL PR TRt &ne F Lk
SREVHEARERAF o Nrf2 5K ~ HO-1 JU{ATI5F Thermo Fisher Scientific AH] °
1.3 LA
40 HHEYE SD RFBENL - xTHEZH (CONZH) ~ BAU4H (MODZH) ~ B&H T4 (SDN4H) MEHT
+ML-385%H (ML) , BHL 10 H o FrA RBSEENMERESE 18, 1 FEFHSEEH - MLA
KEEBHR L7 ML-385 DL 3omg/Kg fl& (BEET 0. 1% HETIAR) EEES, 2h 5T
14mL/Kg 'S ET/KRIFES - SONHKFEH R L FEE0 A KIERES, 2h 5T
14mL/Kg BB & T/KRIFIES o CON 41 MOD HfEIIE S AIE S S &R EBEIK, 2h FT%
BRI EFEEIKES - B KRBT 7d, £% 7d TH5ES CI-AKT  BRT CONHAMI KRR, %
THUK 120 5, SESCER[16 ] kR T VAR CT -AKT ARUEE, sEREETRRZIK 12h, (&5
SRR SR SE AR (10mg/Kg) . 15min JEZRRE TS N AN EE - L - K &R B i R
(10mg/Kg) , 30min J5EREZEE K HIEETSE (3 Ig/Kg) |, EESREHINE KFEIE
T2, MIBIERE A ME RS T N R o AT A YR EE [14,16-17]: BETHFE
CRE T M FERSEE AT ~ BET IS 2SN ~ IRRRSRGEHRE T, REHERN
FIEH 14ml/Kg, MFIRETIEIROTISLEE, SRR ERE NG &, MBS ML-385
A7) AR AR 28 SCBR R E Y
1.4 BEACRE
EHSG 24h, AIRELMEG, ITIEEEE LU FER, RoRBEE IR 10mL, EEIF
BETHE1h G, 4 °CT 3000r/min &0 10min 5, WE L&, BT -80°CUKFEH{RER A -
SRILEHRE S B H MO 'S, BB aRERE, REET 10%HE /R DRERH EE
1.5 SEESFRBRE
1.5.1 AR
B BEERI KRG, R ELISANEIE SCr ~ BUN ~ IL-6 ~ IL-1B & TNF-o AUFRIAIKF,
BT TS 7™ A B BR 7 S U R 5 ) SR o 5 TR R AE -
1.5.2 BIHASREAREN
KEEHRHEAERE, FEET 10%09MH /R EHRERYT 24h, ERAAEEEET R o 20
fR-ER (PAS) Yem il &b H i3 A ip i it [E e, i BB R SV B AR AT 1 T -
1.5.3 SCREUKTFROIEAS
BUEHZAY) 100mg, %R 1 9 FILELEIINATIA O AL BRER K HI A 10%A0 513203, SR IE & DL
TEWR o N AR S S A MDA )& &, [ ELISAJERIN'E ALY SOD #1 GSH &1 -
1.5.4 B4HZH ROS & EMNIE
BRI 3 RARR, F 4% 2 5 AR E E RS B S, BiKE I ocT B3t i,
FHE 10min FEANGHEEF, RERECEIRABERE KN CEMESY +, BT SEHT
KRG, YIREE R 6um o ZEiRE R 30min f5& A DHE -ROS % H136 12 30min, H PBS
PR ETESIE AR TSR -
1.5.5 TUNEL 4%
TUNEL Jet8: AUEHlE, TG AE AR KHITEE - B, TRER%ZMR (PBS) EmAH,
USSR, N PBS VAT Jo 3T 4Rz T e, 20~22°CIFE 10min, TIREH A, HRNE
T TR B A TR
1.5.6 GEEIBFN Nrf2/HO-1 & HFE X
BUKRVBHRL 50mg, T RIPA Z4MRE, FRANR05E &3R5 T3 0
(4°C, 12000r/min, 10min) , B EJEK, A BCAWNIEEHIKE - F£& B+ 95°CE M
10min J5, #17 SDS-PAGE & HHyk, FHiH1T PVDV IEIEIR, 300mA &4 FE5HE 30min, Al 5mL
) S%HIAR AR A4, Wi 5 e = IRIAME A 30min, IIARE 1000 1% /5 RN R —4, 1F 4°CH
EERA R, E—HT, A TBST YL 3 KB, ®RPEsmin, HIIA1:3 000 4, E=RE
PRI E 30min, FIIA TBSTIRVEAL 31K, F ECLALEA R, RAEAGEENC 9T
X SR AT AT, 3% B-actin fE NN ST B ARE HAFERT FIAKF -
1.6 Gtk RA SPSS 23.0 Giit AR #1797 B & & BORH 5 briE 22
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O FoR, SHTEICEATIES RSS2, SAM RN A ZRZTEZ0H, ANF
ﬁ%&%ﬁLwVﬂmLW<oosﬁ%#ﬁﬁﬁ B o
2 ZEH
2.1 'BETN CI-AKI AR EIhEER 5
5j CON LA, MOD ZLAFLIMIE BUN Al Scr KFEEF R (P<0.05) ; 5 MOD AL, SDN 4
KEUMIE BUN # Scr /K FEEFL (P<0.05) ; 5 SDNAE:, ML AKKIMIE BUN #1 Scr kK
FEREFE (P<0.05) ° HFE1-
F£1 BEFTX CI-AKI BEUK RS IhEeRIsm ()
ZH 5|
n
SCr (pumol/L)
BUN (mmol/L)
CON 2H
10
31.51+3.43
8.31+0.80
MOD %2
10
77 .26+6.78A
20.64+2.60A
SDN H
10
39.74+2.36Am
13.89+3.05Am
ML 2H
10
59.96+6.75Am%
16.67+3.68Am%
F1E

155.676
35.531
P1E

<0.001

<0.001

£ 5 CONAHILE:, AP<0.05; S5 MODALH, MP<0.05; 5 SDNZHTEL, *P<0.05-°

2.2 'BETH CI-AKI BAK B i {H R0 520

PAS Jufa G T, CON ARV NELEMZIRGH, /NE LR HHS B 6 7, BEEy %k 5

CONZHLIt s, MOD A KRB/ NEEMEEZREL, W ARIEY KIS/ NE, 98/ INE St

fHZE, '§/NVE ERAREZSENEDE, EEET T, SDNAMNE/NE bR ZrfE a2

%Em%ﬁ f@%“*?mL&%ﬁA$WF B /INE R R SR DB REFEZE ~ A IRTE
ZIAEAE o W1 -

CON %

SDN 2

ML 2H

MOD 4H

Bl 1 BETH CI-AKT A KRB AR (PAS I, 400x, HR=50um)
2.3 'BETX CI-AKT BRI SR M IE 28 E A #2mm
5 CON4HEL#E, MOD 4HAFAIMIE IL-6 ~ IL-1B X TNF-afUEAEEFE (P<0.05) ; 5 MOD
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YHELEE, SDNZHARUMTE IL-6 ~ IL-1B & TNF-a fUFRILEZE T (P<0.05) ; 5 SDN AR,
ML ZHAFMNYE IL-6 ~ IL-1B M TNF-o BUERXEEFS (P<0.05) ° WFE2-
2 BETX CI-AKI AR SIS 2 IE R FHI52m ()
4H 5

n

IL-6 (pg/mL)

IL-1B (pg/mL)

TNF-a (pg/mL)

CON ZH

10

7.26+0.94

27.89+4.59

9.45+1.08

MOD 2H

10

147.99+10.17A

199.32+13.634A

325.95+15.524a

SDN 4H

10

44 .81+5.60Am

111.61+12.39Am

197.07+13.47Am

ML 2H

10

124.66+13.60Am%

165.97+12.67Am%

302.07+18.80Am%

F1{E

546.300
430.177
1069.272
P{H

<0.001

<0.001

<0.001

£ 5 CONZHILE:, AP<0.05; 5 MoDAHItH, MP<0.05; 5 SDNZHILE, *P<0.05-°

2.4 'BETH CI-AKI HAI KB HA AN SR Fo0m

5 CON ZHH#¢, MOD 4K 5\'B4H4- GSH F11 SOD HIME K R B, MDAIESEE S (P<

0.05) ; 5 MOD4HH#, SDN KB4 GSH F1 SOD & K FEH &5, MDA HI& & HE A%
(P<0.05) ; 5 SDNZHLE, MLAHKEBHL GSH F1 SOD HIETE/KF-IH (%, MDA KIS &

m (P<0.05) ° WFE3-

# 3 BETX CI-AKI AKX B HAEMNE ~ ROS KA Tz ()

ZH 51

GSH (U/mol,n=10)

SoD (U/mol,n=10)

MDA (nmol/mL,n=10)

ROS (n=3)

FT- 4% (n, n=3)

CON4H

111.18+12.44

114.59+11.83

2.60+0.25

10.12201/bmr.202610.00038V1
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1.00+0.06
1.33+0.58

MOD 4H

51.47+4.99A

54,64+6.15a

8.64+0.57A

4.05+0.094A

7.67+1.53A

SDN #H

91.91+7.04Am

87.67+10.824Am

3.85+0.32Am

1.72+0.11Am

3.67+1.15Am

ML 4H

68.88+6.45Am%

66.63+7.52Am%

6.77+0.93Am%

3.58+0.25Am%

6.67+1.53Am%

F{E

100.871

78.698

222.558

296.651

15.789

P{H

<0.001

<0.001

<0.001

<0.001

<0.001

£ 5 CONZHILE:, AP<0.05; 5 MoD A, MP<0.05; 5 SDNZHILEL, *P<0.05-°
2.5 'BETH CI-AKI BRI AR EHL ROS IS
5 CONZHIH:, MOD HKFEHL ROS Fir/KFEEE R (P<0.05) ; 5 MOD 4K, SDNA
KIEHL ROS A FEEFM (P<0.05) ; 5 SDNALE, MLAKEEZHL ROS FikKF-
SEEE (P<0.05) ° NE2~%3-

ROS

CON%H

MOD 2H

SDN H

ML 2H

Bl 2 'BETH CI-AKI B KFEHZ ROS HURM (200%, FRR=50um)
2.6 BETX CI-AKI BLALK S 40 TR

DAPI

Merge

CONAH

MOD 4H

SDN 22

ML 2H
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TUNEL
TUNEL JefazE R EoR: 5 CON A, MOD ABAiuFT-siEEENME (P<0.05) ; 5MODAH
Fh#s, SONHBEET-HEEE WS (P<0.05) ; 5 SDNAHM, ML HBEMEET-HELE
i (P<0.05) ° WE3~3%3-

K 3 'BETN CI-AKI BAK B MIBA T A (200%, FRR =50pm)

2.7 BETH CI-AKI A KFBEHANrf2/HO -1 12 5B R IAR R
Western Blot 455 E7: 5 CONALE, MODHAKEBHELSNrf2/H0-1 FAEEHI (P<
0.05) ; 5 MOD4HLIVEL, SDNAHKF'BHLNrf2/H0-1 FikH—HHh1 (P<0.05) ; 5 SDN
HEES, MLAKFEHLANrf2/H0-1 FLEEHE (P<0.05) < FE4 K 4-
£ 4 BETH CI-AKI HE KBS HANrf2/H0-1 E 5B IR0 ()

HEA

n

Nrf2/B-actin

HO-1/fB-actin

CON 2H

10

0.15+0.03

0.12+0.02

MOD %H

10

0.27+0.044a

0.22+0.024

SDN A

10

0.46+0.04Am

0.32+0.06Am

ML ZH

10

0.18+0.03Aam%

0.16+0.03am%

F{E

157.543
52.562
P1E

<0.001

<0.001

1£: 5 CONZHLILE:, AP<0.05; 5 MoDZHLLE:, MP<0.05; 5 SDNZAHLELEL, *P<0.05°
Nrf2

HO-1

B-actin

100 k Da

33 k Da

42 k Da
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B 4 'BETH CI-AKI A A FEHL Nrf2/H0 - 1 5 5 1 358 A 5200

3 B

MHFIFE S M EHR (CI-AKI) & ORNBHRAE T BT ANISTT & WA — MR,
e ELVB/NVEIR S N, B/ NERED IR E, ATRE SN HUTHITE S T SR SN M JE R
A, BRI +0B A0 15 [9-10] © X ELFIE SR AT B 15 A BUERLYE shi) SEI6 g
SRS ZI7E CT - AKT HF T RCFIAL ], X MRS CI -AKT BUJRFET 0 HE1L o ATF5T @ E
BRI ST B REFYEE CT -AKT R, RJ5 24h KR5UMIE SCr ~ BUN B 5 2 B H LR & A 1R 1%
PHEAAS , RIARAIERT) o FEARF, MEREBMFKFERE 24h KEULE B ThEEFR 2
MASYIAEN T CI-AKI H2WibRitE, VifA CI-AKI MBI - RE2 FHEA “CI-AKI”“iE
FARIER SR4, B CI-AKT BEFI AN ~ R~ b ~ IXHEEER, af L E AN
AT TR R AT BRI T IREICE o S HF UK EEOKE BRI, BT R
AT R NRHUAEEELAERRR AR - BT TRA, #H S IMa T g o
KRB ~ ZEP R AR, BERSHLAIIE 2 HLRE, —HIGERIRIREZE, RIFLE ~ Bl
Wt MK R ERIE K, FEIAN CI-AKI N ~ MK ZIE, CI-AKI BE LS, Hmfmi
2~ BT, SN LA VRET SREEEAD, HUATCOMRE,  VET RT "ET ZHANK
it AREAAKR AR MBITEEL ~ AR ~ 85 0RE ~ KR ELSRAE, #0M CI-AKI
BTABIEZIUE, RN ~ RENONEERE, B LU E « S6y7 1N DS MLALH -
FEMAET: ~ #h B S EN « BICE2IA N CI -AKT B9 & 4 & 8 5 0 L7 BT 8y S i IR E A R
EALRIE ~ W BB S I R ARE R N E LI BT [9-10] ©

BETHERK  BEEE - HIAH NS UTER b B KT 5 BRSEEAL, PR
WHRE, AT7a UGS S URMNA, I E, BRI bR, LI ~ 170
BH o XSRS AR B THRER 07 LR "R 5 B2 ~ “SUMLEAT G ~ " AORLE A
HFENRIRAR o BAERAEK T, BIC ~ BT ~ KT SEH A THEEE, KA TEmmeE,
FFZRATIHMAE, Xk HNESHEFIEA" AR R B E R - THEKSEF
EFAEL - HEKWH ~ (iR, BAITE ~ 28 TEEE ~ FUKIEMSEDIR - WERARILRE
BB TR, SLRE, KR, SEWLAKE 5l - Kk, IR FORERE HRIES
A" HOER o BEE, MR, BAENENE, BIHCSEER - AREERKE ZERRE
HE" i, AAEFENEZEHNAE “BHEAR" o BIHARNSMAR, KEAHTLE, H
FEREMN AT » B, FBFEEACALANEBIE, i8] DR EB 7 B AR SALTIRE - B, #HE
WA, BEERE, WE MRS BB, EEMBE ST HRIEE AL o K12 - HIER
A BEEEY), A2 “EEANE RSN BTk o KT, BARESEE
IR, JFBIEEIRIE, SEIRACMLUG, LIt — R SHRIE(E, FIN KT 2
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