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(=] HIY ETEET E2 #152K T 2(nuclear factor erythroid 2-related factor 2, Nrf2) - it H-
WL 4 elutathione peroxidase 4, Gpsd) T A S BIE T30 1%, HETE FHIR B A M1l B b
BH.( unilateral ureteral obstruction, UUO) X BB i [8] Bi £F 4E 4L ( renal interstitial fibrosis, RIF) 232 4E FH o
Jitdk SRAIBENUE T8 40 HOR BN IR TFARA BRI FHHER B 20 IR B+Nef2 #5720 , 45
H10 Ho BRRTARAS, AR A UUO R R T AR BRASZEFL 35 Wi )R Hb , R BRAE AR
FHER B 207 'E 100 mg - kg™ - d7' FREER B, FFEER B+Nef2 I AL7ESHEY AR B2 Rl - 8 v S
Nif2 4] ML385 30 mg - kg™ + d™" BT ARYL ARILHAE 5 R BUICTH 4 FEER K, 7655 9 d, HE Jefs
1 Masson Y € 5 2 U 25 N ZF 4R A0S O 5 500 G A I B BE 4120 R Fe™ [T 8% ( maleicdialdehyde,
MDA ) & 2 N S A0 Wy 1 Ak it ( superoxide dismutase , SOD ) 1% 4 ; 55 B 2¢ ) %€ 7 PCR (quantitative real-
time PCR, RT-qPCR ) 1125 [ 692 V85 600 B E 41 0P 1 780 50 Collagen- 1, CoL- 1 ) I 780 5%
(Collagen-II, CoL-l ) Nrf2 Gpx4 ) mRNA FIEE H/KF-o &5 ST AL, BRI IE4 4
Fe MDA 4, CoL- I \CoL-Il f#) mRNA FIZ [17KF-FF & (P<0. 05) , liL 7% h SOD {& PEREAR (P<0.05) ,
B ELH R Nif2 , Gpx4 ) mRNA FIEE [ KFREAK (P<0.05) 3 SEERIAIAR L, FHE IR B 41 'F JIiE2H 21
Fe™ MDA %4, CoL- [ ,CoL-II ) mRNA FI % 1 /K ¥R A% (P<0. 05) , I3 #f SOD i, B JIF 4141
Nrf2 Gpx4 ) mRNA FIHE /K- TH s (P<0.05) 5 5FHB R B ZHAH LG, FHEER B+Nef2 $1 i 77 2H B I 4H 21
i Fe™ MDA & i, Col.- T ,Col- I f¥) mRNA FIZE /K F-Fh s (P<0. 05) , MfiL i Hr SOD &, ' JE 4121
Nrf2 Gpx4 () mRNA FIHEHAKFFEN(P<0.05) . 8518 FHHER B BEISIHITE Nif2-Gpxd 38 H - 1M 410 i) ik
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Salvianolic acid B attenuates renal interstitial fibrosis in rats with unilateral ureteral
obstruction via Nrf2-Gpx4 pathway-mediated ferroptosis

SUN Yuanbo', SONG Yanran', WANG Shiqgi', SUN Lixin®, LI Guigin' 'Department of Nephrology, *Hemodialysis
Room, Hongqi Hospital Affiliated to Mudanjiang Medical College, Mudanjiang, Heilongjiang Province, 157000, China

[ Abstract | Objective To determine the improving effect of salvianolic acid B on renal interstitial
fibrosis (RIF) of rats with unilateral ureteral obstruction ( UUO) based on ferroptosis mediated by nuclear

factor erythroid 2-related factor 2 ( Nif2) -glutathione peroxidase 4 ( Gpx4) pathway. Methods A total of 40
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rats were divided into sham operation group, model group, salvianolic acid B group, and salvianolic acid B+
Nrf2 inhibitor group, with 10 rats in each group. UUO model was established in the latter 3 groups, and those
of the sham operation group received the same operation except for not ligating and cutting the ureter.
Salvianolic acid B of 100 mg - kg™' - d™' and Nrf2 inhibitor ML385 of 30 mg - kg™' + d™' were intragastrically
administered to the corresponding groups, and sterile normal saline of equal volume was given to the sham
operation group and model group, for 9 consecutive days. Hematoxylin-eosin ( HE) staining and Masson
staining were used to detect the morphology and fibrosis in renal tissues. The contents of Fe®,
maleicdialdehyde (MDA ) and activity of superoxide dismutase (SOD) in renal tissues were detected with
corresponding kits. Quantitative real-time PCR ( RT-qPCR) and Western blotting were used to detect the
mRNA and protein levels of Collagen- 1 (Col-1 ), Collagen-Il ( CoL-1l ), Nrf2, and Gpx4 in the renal
tissues. Results Compared with the sham operation group, the contents of Fe’* and MDA and the mRNA
and protein levels of CoL.- [ and CoL-Ill in the renal tissues were increased ( P<0.05) , and the serum SOD
activity and the mRNA and protein levels of Nif2 were decreased (P<0.05) in the model group. While the
contents of Fe’* and MDA and the mRNA and protein levels of CoL-1 and CoL-Ill were decreased (P <
0.05), and the SOD activity and the levels of Nrf2 and Gpx4 were increased (P<0.05) in the salvianolic
acid B group than the model group. The treatment of salvianolic acid B+Nrf2 inhibitor increased the contents
of Fe* and MDA and the mRNA and protein levels of CoL- [ and CoL-1I (P<0.05), and reduced the SOD
activity and the levels of Nrf2 and Gpx4 (P<0. 05) when compared with the salvianolic acid B group.
Conclusion  Salvianolic acid B activates the Nif2-Gpx4 pathway and then inhibits ferroptosis to relieve RIF
in UUO rats.

[ Key words | renal interstitial fibrosis; unilateral ureteral obstruction; salvianolic acid B; nuclear

factor erythroid 2-related factor 2-glutathione peroxidase 4 pathway
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PSR RSy, REAS I AL s s
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BRICT IS AR i B 115 PR 4l e pE T 5 =X,
DAL B AR B AL R B oy F BRI, T
E2 #H5% K 2 (nuclear factor erythroid 2-related factor 2,
Nrf2) A H Bk E ALY 4 ( glutathione peroxidase 4,
Gpx4) AT B P R 1o Hik = 3 U 2K
WS IR B SRS AT R A A T, A R
] AN [ R O A QS BB B Rk Sk
HEM Nef2-Gpx4 i g/ I ERAE T 5 B X R E V),
FHIR B HAT R AU AAAE R, A s Nef2 41
SRS 5 BRI B B, H Nef2 J2 R P AR AL B
Tk BAR YR AR OB B PR
15 BH. ( unilateral ureteral obstruction, UUO) & H Fij#F 5%
RIF B A B B R, H WG 2R S W) £ e AL AR e 5 A
L DU, AT S UUO KRB HY, M Nrf2-
Gpx4 Ji p AT T B BRAE T2 19 A BE AR P IR B %) RIF
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1 HRSH®

L1 £53hih

40 Ffid5E SD KR SPF 2% MENE fR BT (210£10) g
6~8 Jili , W B At st A LS50 S RHA R A A
VERTEE . SCXK (57)-2016-0011, JELHE (2420. 5)C ]
XTMERE (55+5) % 12 h SGRE 12 h JRwE PR 5E b & AL AR
Fro SLEAARBEACEIZE 51 2 HE(2021-1212) , & 5K
s IR 3R I 257 NIE G
1.2 &AM 5MNE

PR B 0 ) 59 2R T A A 7
Nrf2 #1455 ML385 iy H 2 [E Med-ChemExpress 2\ &),
A 99. 55% ; 75 ARG - 21 ( hematoxylin-eosin,, HE ) ¢
R & AN (Masson ) e (03070 & B A 1L Py Ak
fiff ( superoxide dismutase , SOD ) 3 P4 46 55 & . P9 —
fi% ( maleicdialdehyde , MDA ) i35 &34 B _F 28 K
FHEA R w5 Fe™ f a0 £ 06 B 76 5 A 9 1
FEOFFERT s — Bt 1 B I ( Collagen- 1, CoL- T ) | I 7Y
i ( Collagen-TI , CoL.-TM ) \Nrf2 ,Gpx4 , —Hi -3 1t
W H 2 E Abcam 23]
1.3 7%
L3.1 o R m 25 ik 3 K BB DA 4 4%
40 HORBU MR TARA BRI FHBHIR B 24 JFHH IR
B+Nef2 $HIFI4H , 20 10 2o BRIRTFAREAS, Hpr &
HZH R 14] @ UUO BERL, JCTE 410 T R R
B, R BUE B ZE ML A0 0.5 em 2245 B AT 22l
Lem ZE4P)—A> 1.5~2 em BYYNIa I T, 226 1 B IUE
BT SR AR A A /NS B B, g i DR
B ITER B 1 em A AN AL 407 5
22 ZREEFUA RS ARG i v 1B) B W DR A I A
PR 2 AR B K o, e th i S 2 T B, W2 2=
By o ARTARHABRAGEFL BT W R S , HARERAEAN
"o FEMER B 413 H 100 mg/ke FHHIER B, £ H
LU, PHB R B+Nef2 R 2176 P B iR B 21 A F AR
S Nef2 D I75) ML385 30 mg/kg' ' 4 H 10K, fBt
TARA FERIARE E FEARFRTC AR K, %229 d,
1.3.2 HE 4 {6 F1 Masson 4t €0 X000 B 2 R 72 25 FH &T
AEAETEOL SRR IE, WO [ EAE 4% Z R R,
SRB RS K W RS A s s ) R, B
5 um, EFRHEMBI A BT A, 2% HE Qe aifh &
I Masson 44 €835 &5 10 W A5 047 4% €, 28I A5 K
THZRE I R R B E A, e B U AR B

1.3.3 350 & R 0 B FIE AL 2L b Fe™ MDA 5 4 %
SOD itk HOAS 4L/ R B IR U 2J 3K, il

UG B EZH 2L Fe™ (MDA &3 o SOD ik
1.3.4  SEm9E it PCR(RT-qPCR) A6 15 Ik 4H 21
Col- T ,CoL-TI Nrf2 £ Gpx4 Y mRNA 7K 3 i H
TRIzol 177 3 25 %% 2H /)N BUF 2H 2P i 5 RNA, fifE ]
WL SRR GO 1 wg RNA 0055 560 ¢DNA, 7ESEI
PCR %4 I {#i F§ SYBR Green PCR master mix i {7
RT-qPCR, PCR ZfFU1F:95 CHAEME 15 min,95 C
AR 20 5,55 CiB 2k 30 5,70 °CIEAH 30 5,40 MEF,
GAPDH AIWEZSH L . HE PR 33k BT K- KR
ACt=Ct JH-Ct 2%, JLF Tk 58U 2744
EibE. SR EE 3 W, ARSI KM
CoL-1 IE [n] 5'-ACTGGTACATCAGCCCAAACCC-3',
Sz 1) 5'-GGAATCCATCGGTCATGCTCT-3"; K ER, CoL- 1l
1E] 5'-GAGACTCCCCATCATAGATATCGC-3', [ [
5'-AGCAAACAGGGCCAATGTCC-3";Nif2 1E ] 5'-CAC-
GGATGATGCCAGCCAG-3', Jx [} 5’-GCCCGCCCAG-
AAGTTCAGAGAG-3'; Gpx4 1F [n] 5'-ATGCCCACCCAC-
TGTGGAA-3', Jz [rn] 5'-GGCACACACTTGTAGGGCTAGA-
GA-3"; GAPDH IF |n] 5'-CACATTGGGGGTAGGAACAC-
3" 2 n) 5'-AACTTTGGCATTGTGGAAGG-3',
1.3.5 4 1 o S i Bl ks I B E 2 4L Col- 1
CoL-1TI \Nif2 .Gpx4 & HFik H&-2H/NER, 50 mg B
IR T ARG 8y oK BRI , BSin F0v% ) 28 1
K _EZ4#% 20 min, 12 000 r/min 4 °C &> 20 min, |
HEEH . BEFLEFE 20 pg B, BERCHLIK O B R
F1 \PVDF 565 AR W43 35 P41, 43 5 fin—Ht CoL- 1 |
CoL-TI \Nif2 .Gpx4, N2 GAPDH ,4 CIFE 3% ; InA
X 0, FIIEE 1 ho BERMUR RGEKE T
1.4 it oh

KM GraphPad Prism 8. 0 ZAFHEAT 485 04,
THEBIELL xxs R, ZAIA] AT H R R 05 225007
PE— LI L ALAT SNK-q K85, P<0.05 £oR 2574
gt E o

2 %R

2.1 JrEiEs B xIEIEARH A0 H
i T AR B H LU A IE W 5 BB 2 A= W Ta] o 3
JE TR BT AR AE R IE B BN 2 4, IR 2R
AeAL NG s PREYER B 4 M B0 T 48 AE VR T B 42, £F 4k
IS DS s PHIY R B+Nref2 6 FI 2L R B 44T
RAPTINEE , A 45 i)™ E, WK 1,
2.2 FEER B AT E IR L AT AL B R
ST L, 1578 41 B 2H S i 2 4 B S 3
% R T SRR A L, PR B 4474k 1L

&
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ARPEIRES , AR AEACTE R D 5P R B AAH T, P
R B+Nref2 fP H 2 Ak A VA e . WA 2,
2.3 FErER B xR Fe’ MDA 4% & SOD
Qe AR AL

SRFARAAM L, B4 FH R B 4 FHE R B+
Nrf2 11 il 770 2 B E 414 p Fe™ (MDA % B TH i (P<
0.05) .SOD i HEFEAIK (P<0. 05 ) ; SREAVHAH L, P
MR B 41 FREYER B+Nef2 #0055 41 B R 4120 p Fe™ |
MDA 2[4 (P<0. 05) .SOD 1% P F+ 155 (P<0.05) ;
5PHETR B LA L, PHERER B+Nrf2 11 551 25 15 I 2H 21
i Fe®* MDA % FH5 (P<0.05) .SOD 7§ H:REA% ( P<
0.05), WFE1,

wil S s
B A K =

AMBFRM B AR 4 C. B

2.4 FFE 88 B s AEa 2R P Col- 1 . CoL-TM . Nrf2
Gpx4 # mRNA K -F 45 % &

SBF AR BRI SHER B 41 FHE 2 B+
Nrf2 30075 700 41 1B e 4 40 Col- T 1 CoL-TI ) mRNA
KEFHE (P<0.05) , Nif2 il Gpx4 [ mRNA 7K SR
(P<0.05) ; SELRIZ A L, FHBY R B 4. P+l iR B+
Nrf2 1 ) 41 B e 2H 2 CoL- T 1 CoL-1I ) mRNA
TKEREAR (P<0.05) , Nef2 Fi1 Gpx4 (1) mRNA 7K T+
(P<0.05) ; 5 R B 4LAH EL , PR ER B+Nrf2 111 51
B R 4H 20 CoL- T F1 CoL-TI () mRNA 7K E T 55
(P<0.05) ,Ntf2 1 Gpx4 ) mRNA 7K &A% (P<0.05) ,
W2,

b .—(-, ~v.I‘ AD s

B2 B 28;D. SF B2 B+Nif2 7] 7 28

1 HE L&NR4BERARLS

i S i Ny e 00, pm
2 PO Ly e N
|~ DA 2 ot T s
> qu SRR e i Tty

ABFR4;B AR ;C. S8 88 B 28;D . ST B 88 B+Nrf2 iy 7] 20

LRETS,

2 Masson 222 4 B S AEA R FLELER

1 4ABRALH Fe MDA £ER SOD FHLLE (n=10,xts)

2051 Fe**/mg - g~ MDA/nmol -+ mg”" SOD/U + mg”™"
BFRA 0.09=0. 02 26.26+3. 58 37.69+3. 83
HEIRIZH 0.34+0. 05" 156. 85+23. 45" 12.37£3.15°
FHE R B 41 0.17+0. 04 76.71£9. 16™ 22.37£2.33%
FHER B+Nrf2 $i1 4 77 41 0.27+0. 04 123.47+15. 88 17.631. 86™
a:P<0.05, 58 F KR4k 4x ;b P<0. 05, 5AEA 20 b4k 0. P<0. 05, 55 FF By iz B 2B 5t 4%
K2 4HGRFEAZASR CoL- 1 ,CoL-II Nrf2 Gpx4 B mRNA 7K FEL%E: (n=10,%+s)
il CoL- 1 CoL-1II Nrf2 Gpx4
BFARA 1. 00+0. 00 1.0020. 00 1. 0020. 00 1. 00+0. 00
FERIZ] 1.83+0.21° 2.59+0.27° 0.29+0. 05* 0.26=0. 04
FHE R B 41 1.20+0. 15™ 1.2620. 16™ 0. 84+0. 09 0.78=0. 08"
FHENER B+Nrf2 451 3041 1.53+0. 18" 1.7420.23" 0. 46+0. 06™° 0.4520.07"

a:P<0.05, 55 KR4rbix;b. P<0.05, 5 AR 20 1b 38 5 ¢. P<0. 05, 5 FF By iR B 2A k38
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A :Western blot 4] 4 28§ BE2A 2% F Col-I,CoL-II \Nrf2 ,Gpx4 & & K -F

a mm (TARY
-
N PRI B 41
T FFIATR B+Nef2 020
a ab
abe I
b T
o ab
. a | abe . c.l.}.)abc
Col- 1 Col-1I Nrf2 Gplx4
HEH B

L BF A2, A3 5B B 44 A58 B+

Nr+2 #p#) H20;B: & G KA F X FH  a:P<0.05, 5EF RAMWE ;b P<0.05, 5 AR 2148 ;0. P<0.05, 55 - Bras B 21048

B3 4A8%AEALH CoL- 1 CoL-II Nrf2 Gpx4 ERKFEIFR

2.5 FEER B AR LR P Col- [ | Col-II Nif2,
Cpxd & & K 85 % v

SRFARLM L, BRI FF IR B+Nrf2 411 il 55
I HELL S CoL- 1 CoL-T1 2 (17K, P+ iR B 41
B ELHZR H CoL- T2 /K V-5 (P<0. 05)  BEAIZ |
FHER B 41 FF 3 R B+ Nrf2 10 i) 751 41 ' ik 41 21
Nrf2 Gpx4 & 1K FFEAR (P<0.05) ; SHAH AR L,
FHBER B 4 FF M R B+ Nef2 ) il 77 21 B J)E 41 20
CoL- I ,CoL- Il # F1 7K F-B#{% ( P<0. 05) ,Nrf2  Gpx4 £
HAKE T (P<0.05) 5 5 7ML B 4HAH L, JHEER B+
Nrf2 S5 2 B AL 20 CoL- T CoL- T 25 14 /K °F- T
5 (P<0.05) ,Nif2 . Gpx4 & /KPR (P<0.05) . UL
&l 3,
3 itig
3.1 FHE8 B A4z UUO X & RIF

RIF A BEHLE & 7K i SCAs ™ el - kg o5
JUWE, VSR N 3, 3R RIR B8, 10 2 AR IE TG
AR E . G RERS R ThRE RO AR A D
fig, et s E A, K R E AR R, PP EA
TG AL JRZ IR O BRI Z IR, Rkt 2 Rl
LU AT , 76— 8 T2 B LR R 21 4 A i g B A B
A, FHIAR B 2 FHS RO o ARG
SRR AR TR 4 R BREF () g R | ] 5T 4R AE 3 1 B
/NS, B R B LT L B4 s $m UUO
BRI B, RIF SRS . M R B IRYT )G, £F
el RIS W] B0z, B 2H 2 Col- T CoL-1II
() mRNA FIEE (KRG, 2R 4R A0 1 7= A2 90 S 2 Fil
AR T HFUE 540 T, FHE B A AN L R URY,
SR AP FEE TG BN I A 2R AT T 240 o i ot DA e i
FEENE, LHL Col- T CoL-TM 3/ FERLSY, Col- T

(n=10, x+s)

CoL- T /K- Fhis 2 W4T efb ot s 3R T R
B REZE i RIF % . AWFGTIE KL, FFE R B BEFRAIC
MDA &1  F+5 SOD Jifi 1, T 2% S8 A6 W 3, S5 3
MNP 1 5% it o
3.2 FFErER B tiE Nrf2-Gpx4 i@ %43t dn 374 2k 56

AW P, B B AR p Fe™ S RTH .
Fe* AR 16 M S A A VR TR P MR SR T 44 R ik
FET-12  BRAETSUAGN R 3 AN FEARAE , B SR Ak
T B ANRURN R 7 B2 W 1 4 Ak R it AR Ak 1B %
B2 AW R Fe™ K THEs, AL ™ &, T
YAl VEAL R 2 5 S AR JFOE it 7 $n gk
PET- I HES S . Nef2-Gpxd 3 %2 T2 B 4k
Tk miez— ) Nef2 fl Gpxd 1 F 45| #
M E AL NPT A A 3R G0 2R A7, S B A A PN 35 1 SRR R
2 R TS o AR PR/ U TR R gt
T IRAR IG5 AT A2 EA PR 155 A0 B /N 0 4, BHL 12k 5t
TR A T G S A R B /NS SR 2 (W 5L, e
2 RIF B4, H R M CoL- T . CoL-T1 & /K E>, 4
W5 25 S s, A6 R 2 B I 4 4 Naef2 D Gpx4 1Y
mRNA FIfE 55 T, TR Nif2 Gpx4 &5
Y EA L PR AL R A, B A I AE T, SRR
HILE, PHEYIER B 415 £ 41 Nif2  Gpx4 [ mRNA 71
BTG BRFE TR AR g i ], A AL B S 2 4t
I B G s AE P ER B FEAE WS i Nef2 fi kil 57) , 5
4141p Nief2  Gpx4 ) mRNA F1 8 14K B, £k 5T
ToXE N $E 78 WS N PH % 2 B S T BB o 0 Nef2-
Gpx4 3 % , M Bk A6 T, 2 ff S8 AR 453 47 , 08 1 5 30 X
RIF e/

ZE BT, PHEBY R B W] BEIE & S Nief2-Gpx4 i
TN AE T iR 42 S B XT UUO KR RIF iy i35
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