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ABSTRACT OBJECTVE To study the improvement effects of obacunone on renal interstitial fibrosis (RIF) in unilateral ureteral
obstruction (UUO) model mice, and to investigate its mechanism based on ferroptosis mediated by nuclear factor erythroid 2-
related factor 2 (Nrf2)/glutathione peroxidase 4 (GPx4) signaling pathway. METHODS Thirty mice were randomly divided into
sham operation group, model group, irbesartan group (positive control, 20 mg/kg), obacunone low-dose and high-dose groups
(10, 40 mg/kg) , with 6 mice in each group. Except for sham operation group, UUO model was established by ligation of
unilateral ureter in other groups. After operation, administration groups were given intraperitoneal injection of relevant medicine,
and sham operation group and model group were given intraperitoneal injection of constant volume of normal saline, once a day,
for 7 consecutive days. The levels of creatinine (Cr) and blood urea nitrogen (BUN), the content of malondialdehyde (MDA) and

the activities of total superoxide dismutase (T-SOD) in serum and the concentration of Fe* in renal tissue were all detected. HE

— - staining and Masson staining were performed to observe the
AEETE )14 AP H (No.2022YFHO118) 5 P
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morphology and the fibrosis of renal tissues. Immunohisto-

chemical staining was used to determine expressions of the

[2018936;_)115% W WS L BRSO s S 2% . E-mail: fibronectin (Fn) , «-smooth muscle actin (a-SMA) , GPx4
964083717@qq.com and Nrf2 in renal tissue. Western blot and real-time

HABEEE FATIE, 2087, i+ 00 . #9807 - SR 2% quantitative polymerase chain reaction (RT-qPCR) were used
E-mail : 834300205@qq.com to detect the protein and mRNA levels of Fn, a-SMA, Nrf2,
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GPx4 and SLC7AI11 in the renal tissues. RESULTS Compared with sham operation group, serum levels of Cr and BUN, the
concentration of Fe* in renal tissue, the protein and mRNA levels of Fn and a«-SMA in model group were increased significantly
(P<<0.05), while the activity of T-SOD in serum, protein and mRNA expressions of Nrf2, GPx4, SLC7A11 in kidney tissue were

significantly decreased (P<<0.05); in the kidney tissue, the renal tubules were dilated, the collagen deposition was obvious, the

fibrous bands were thicker and darker, and the renal interstitial inflammatory cells infiltrated significantly. After intervened with

obacunone, the levels of above indexes (except for mRNA expression of SLC7ALL in obacunone low-dose group) in serum and

renal tissue were reversed significantly (P<<0.05) , and pathological damage and collagen deposition of kidney tissue were

alleviated. CONCLUSIONS Obacunone can improve renal interstitial fibrosis of UUO model mice, the mechanism of which may

be associated with activating the Nrf2/GPx4 pathway and then inhibiting ferroptosis to relieve RIF in UUO model mice.

KEYWORDS obacunone; renal interstitial fibrosis; unilateral ureteral obstruction; Nrf2/GPx4 signaling pathway; ferroptosis
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W I s DR T 41 & 2 #H 5G [HF 2 (nuclear factor erythroid
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thione peroxidase 4, GPx4) J& 8k FE T 1 S B I 25 [H 71
W R I, K220 CKD 5 2 I [R) R B ) 2R A s
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(creatinine ,Cr) | Ifil. Jk 2 % (blood urea nitrogen ,BUN) |
R ALY AL (total superoxide dismutase , T-SOD) .
N [ (malondialdehyde , MDA ) 5| & 3410 F P 5% AL
A=) TR SR A B W] (4543912 C011-2-1,C013-
2-1.A001-1-2 ,A003-1-2) ; Fe" W& AN G0 F A~
fe2E BB (i) A3 R ) (FiE45-1291) 5 ez 41 Ak 51
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) (it 543 51 PV-9000 , ZLI-9018) ; #it 3t GAPDH £ 7.
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1R Bl —-3") TR bp

Fn i1 #: CCCTATCTCTAGTACCGTTGTCC 145
14 TGCCGCAACTACTGTGATTCGG

a-SMA L3147 TGCTGACAGAGGCACCACTGAA 138
U147 CAGTTGTACGTCCAGAGGCATAG

Nef2 #4141 : CAGCATAGAGCAGGACATGGAG 107
i 147: GAACAGCGGTAGTATCAGCCAG

GPv 141 CCTCTGCTGCAAGAGCCTCCC 144
M4 CTTATCCAGGCAGACCATGTGC

SLCTAlL i1 #: CTTTGTTGCCCTCTCCTGCTTC 136
i 147: CAGAGGAGTGTGCTTGTGGACA

GAPDH L-33141: TGGCCTTCCGTGTTCCTAC 178

i 197: GAGTTGCTGTTGAAGTCGCA
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F (GB/T 35892-2018) Y ELR#AT , 28 V4 1 BE B} R 24 50 5
SIYICEEZE 51 S HEHES R swmu20220107

China Pharmacy 2023 Vol. 34 No. 5 + 555 ¢



2 FHik
2.1 HE BEES%H

30 HUNRBEHL R TR AL | JE D vbIa
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U AT RS AL, TR R B W, B 288 S . TR A PR ANSS
FL BT RSN AR IRAEMIR] . ARG, 25 254/MR
i P R S A S 259, B TR 2 AR /) U s 1 S 45
PR BIEK BRI, 42827 d.
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50 10 min, HUEJZ 009 , 1 T4 Cr . BUN 7KF-, MDA
Pl M T-SOD T 7 o B 58 iU , SR IS 12 Ak
FE/IN B 48 B 00 T, 2 B3 A0 B O FH 1 TR 6 2%
(PBS) #h ¥ Je b 20k 203« — 3 A 10% H 5 9 v
52, FH 9 B U] e 6o R e 2 Ak 43 B s — O PR AT
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WL 5 e 20 2R U 28 2 A8 5 FRHBGHR 43 U0 48 st
2K G 2 BB 5 64T Masson e 6y, DLRFEAR B IE
HALF AT DL
25 IMNREFEALFFeiRERMEFRMDASE. T
SOD i 71 944 i

2,27 0 5 2R/ BRUR A 1Y) B 20 254 £ (24 100
mg) , LAY PBS Pk, M4 Fe™ W A6 R 70 &1 ] B 7
RERE TR ZUh Fe W S E 2.2 W F 441
/N BB I35 R i 1, AR MDA T-SOD 351 £ 15 B 45
D7 AR TR/ RIS h MDA 5 & 5 T-SOD i 11,
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SRS AR TR AT . BR2.47 300 R 4% 2 /N R
TR W) Fr, 2 ZHWOR IS KACRS , AT IR — 4N
PR & 2 (pH6.0) HVE . 10 min, FEU) A0 B [ 2 %
e, MR Sy 20 AR & B B B EA T4 L SRS T
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FERES 1:100) (GPx4 (R BN 1:200) 04K, 4 °ClFEF
7, # F DAB R & B 6, Kk B E AR
B YY) A3 min, 28 WA EE K L HIRE W] | PR
e R SR F A AT LS AR AR R I H A
Sy T
2.7 INRISREALAH Fn.a-SMA Nrf2 GPx4 . SLC7A11
EAFRIEKFHKN

K H Western blot JEA TR . HL“2.27 301 F 45 20 /)N
BRSP4 B I 4 20 (249 100 mg) , BTRE oK b WP B , 4%
TINFV 19 2 2R vk 24 % 20 min, 8 75 (3% 200
W, % 20 kHz) A B 2 s X5, T4 °C 444 F L 12 000
r/min Z5.0 10 min; W I, R 5 B2 3 vk 0
HEEREE S, W ARV, AT T b B R B - SR Y A T
i B S FEL YK 5 7 BB 5% MG RE A W 3t HAT, 43 3 N A F
a-SMA Nrf2 .GPx4 .SLC7A11.GAPDH $i 44 (5 BE BE #4
S 1:1000) , 4°CHE 7 8 15 ; TBST VB 3 ¥, T A 45t
(PR BEBE R 1:10 000) , &M & 1 hy TBST PR 3 1k,
JINECLAb2E R GHE W52 , B T RER R RS P iR . K
FH Image J 3 A7 R BEAE Ak o0 A, LE IR 1 S
GAPDH K JEAE HE e B 18R 28K
2.8 INRSRFAL S Fn.a-SMA Nrf2 GPx4.SLC7A11
mRNA FiE 7K FBI#

R HISE I G B PCRIEFFATHGI . 22730 K #4541
/N BRAF 0 B I 2H 2 g, {11 Trizol 12050 41 B/ U
HZ P Y B RNA , 2l AR SO0 25 55, 0 sk oy
cDNA, FEEFT PCR W . PCR B IRZ Ky RS54
21 WL 2X P 34857 10 WL .cDNA#HT 2 L JofE /K 6
pLo PCR A £ R 95 °CHIARYE 10 min; 95 °CARME: 15
s,60 °CiE & 15 s, 72 °CHEAH 20 s, IL 40 MEH . il FH
GAPDH/E A NZ LN i ad 27 Tk 14 H I R 1
Rk K-
29 HFitFEFH*

& H] GraphPad Prism 9.0 84 x £ i 47 48 112743
B B LR R Y + s R, AR HLECR FFR R R T 22
A3 AT, AL TE] PO P G R ) LSD-r A 56 o A 58 K I
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3 &R
3.1 EHERY/INR S ThaE AR R0
SERFAA e, BRI /N Bl % H Cr . BUN /K
) 2T 5 (P<<0.05) 5 SRIRIA] L AL, & 45 2541/ R
I 3% H Cr. BUN K - ¥ 8 3 B# IR (P<<0.05) . 45
W2,
x2 FAPMREHEEIBIRHRNLER (x+5,n=6)

45 Crf(umollL) BUN/(mmol/L)
fFAH 1953119 3924057
R 39.93+2.09° 8404094
JEN 3058+ 1.46° 4311087
gl S 2957+ 150° 481£0460°
Bl 2681+2.66° 4681008

a: ST AR E, P<0.05;b: 5EAIL] AL, P<0.05
3.2 HEMERX/INR S A A LRIB R S FE R RN

HE e85 8 8RBT AR/ RS EHZUE % TG
AR, B /INE R s AL/ INRRUE L 2 B /N 5K
B /NG B 20 B RT UL A i RN s AR ] T AR
JiE 20 BRI B S 5 28 DL Vb3 B ER T HUS /N BUE /)N
Yok L M s AR YE | B TR) T S RE 20 B IR 2
BRI LH P /b, o A8 T2 B el A, L A I v ) et 2L el e 1
I, Masson Je 025 R R BT AR/ N EUE AFELH 2R
SERE SERE  FEARTO R €008 R BH P 2 6 DX 3l B AR A /N BR
B BT A B R AR AR 4 SR RO H 3 K
VR 4 )E DLV AH BERAER T, /0N BRI R
BEARYZH ok, H BT = ) A s D R 2, 255 DL ]
LCEEAA AR R) S 2 ) o
3.3 EFERT/NR S AFA R b Fe iR BN M E 1 MDA
&E T-SOD & hHIR N

ST AR oA, BRI N BB E 4 40 b Fe™ vk 3
AL IE HH MDA % 5 3 18 3% 7+ & (P<<0.05) , 1L i 1 T-
SOD {f 1 18 F &A% (P<<0.05) ; SHRIZH A, o D vbia
ZH AT 25590 H 20 /N BRUE IR 80 LR T bR s b 2
WiH(P<0.05), 45HRILFES,

HE (1,

Masson % {1

BRI
1 BHNMNRSHEHARIERESZWRLE R (x400)

HEEZGS 2023455 34 55 5

x3 BAHAKRRESHEALA B FeRMEFMDASE T
SODFENHIKRMER (x+5,n=6)

4151 Fe* Y&/ (nmol/mg prot) MDA/(nmol/L) T-50D/(U/mL)
BFEAA 0070012 5651020 117,09+ 1.64

f 031£0.008° 11314027 71184 1.59°
JER A 022+0.008° 976£0.17 99,80+ 1.94°
EiliSle 0.14£0.005° 7621056 105,51 £3.06°
HHEER R 0.10£0.005° 6551027 11155£2.74

a: GITF AR A, P<0.05;b: SHETIZH Heig, P<0.05

34 EMEAIH/NRE AL Fn.a-SMA Nrf2 . GPx4
EEMRMEREFMm

RFARE/ N E ML AT 5 Fna-SMA Rk,
A R Nrf2 . GPx4 Kk ; SR FARLA L, BRI /N
5 F 2H 21 R AT L KA Fna-SMA 3k, 20 & Nrf2 . GPx4
FeIR ; SRR AR HE , JE DL HE 2R R R 45 5 4 4 /)
FUE EA 20 BRI R A I i i 255 LI 2
(CEORATRIG ) B 2 W6 ) o
35 HEMEMIT /RS AL P Fn,a-SMA, Nrf2,
GPx4 .SLC7A11 EEFRIERIE

5T AR M e, #EARL A /N BRUE IE 4L 4 P
a-SMA # R IA KP4 18 2 T 75 (P<<0.05) ,Nrf2 GPx4
SLCTA11 8 [ FRIR K3 8 E FRAIK (P<<0.05) ; SHIAY
LR LR, B DL P HE ZE IR R R 45 /BB A 4
R (JE Vb IEZH Fn GPx4 R AN ik K2 3%
Wi (P<0.05), Z5HULIE3 4,
3.6 EHMMI/NREREALF Fn,a-SMA, Nrf2,
GPx4 .SLC7A11 mRNA FiE#IE0

S8 AR g, AR A BB R 4L 4P
a-SMA mRNA [ 31Kk 7K V34 I 2 F 5 (P<<0.05) ,Nrf2 |
GPx4,SLC7A11 mRNA f¥ & ik /K S 1 I 3% FE K (P<
0.05) . SHRAIL LA, T DL Vb HH 20 R A 45 75 s 4/ s
BB EZH 20 P P, a-SMA mRNA 2635 7K - 34 5 2 I
(P<<0.05) , GPx4 mRNA 3K ik 7K V¥ 1 2 I+ & (P<
0.05) ; B RS ) H4H Nrf2 mRNA FlE 541 SLCTALL

NS,

1 - [
RS

C. BORARR o 7] 141 [DNENVIRUG: S|
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A TR
B2 HHPMRE

E 42 kDa

SLC7A11

B.BRIZH

a-SMA

55 kDa

GPx4 | 17 kDa
- i - —aill

BFARE B4 AT s el
fullkelil pilkelil LR

B3 &ANREEALH Fn.a-SMA Nrf2. GPx4 .
SLC7A11 EBRIEREKRE

T4 BAHANMRBEAHALE S Fn.a-SMA Nrf2, GPx4 .
SLC7All EBRIEKFEHNMELE R (x+5,n=6)

k] Fo/GAPDH  o-SMA/GAPDH  Nrf2IGAPDH  GPx4/GAPDH SLCTAI1/GAPDH
BFA4 022£005 0224002 LI4£001  142£003  127£003
fiAlg] 0861002 LOSE0.04  039£001°  079+002  048+002
JEM A 0724008 0760020  079+002 064002 055002
B E4 058+007  077+002 084001 101200 0652003
FHEEEA 034£007  062+003  LI2£003°  108£0.04  094£001°

a: ST AR LE, P<0.05;b: SR HE, P<0.05
R5 BAHNRBEAHSZ T Fn.a-SMA  Nrf2, GPx4 .
SLC7A11 mRNA RiEKFRIMELER (x + 5,n=6)

45 FamRNA  o-SMAmMRNA  Nif2mRNA  GPxémRNA  SLC7AII mRNA
BFEAA 1065008 1L04£005  LO3E003 1024006 Lo10.1

i WAL 20991090 0.06+001°  024£001°  021£001°

JER L 5094099 896+104 004002 0421002 028003

HHEICH R4 1904378 9765029 0641004 0472002 0341003

FHEE R 1562007 5452045 0732006 078011 0423003

a: GIRF AR, P<0.05;b: S AL, P<0.05
4 itig

ARFTJE AL, CKD PRLEAT 3 i R RAR B 7 AR
B BORE AL, 1 O 2 BRI P N 1S 3 R AR A A 3
AR TR, HG b ) 5 2T 2 fb o CKD Y 3 B B 5%
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C. L AHR e 7] i 2 D.JEN b

#0t1 Fn . a-SMA Nrf2 .GPx4 F A Rix I R E 224K B (x400)

PP, HAT, I R L3027 4E AL )5 BLAL 24 2590 A g
AURH AR B 2R defb i itk e, DL, & & T 25 i 25
PEATHTBIIGRYY , X 2 CKD —RAb 697 7 A il gk
BRASRN IR TR

BEAT R DA AT | 1 i R R ) AR R R AR
Yy, AR AR P R A TS B A AL
KFGE R R A A SRR, Bt AT A,
B XS 1 4EA B B 0B R ] . BT, AR BIESR
AT 22 LAY UUO /) BB AR | SO B AT X6 /)N B (1] Joi
LFAEALRISE I, Foj—Fh B2 AN E R, 5
LR AL AR B VDA DG , R IR KT B iy, 21 4 A B i
5 -SMA 2 IUBLEF 2 4H M 1 R AR 2R 1, B VR SR A
ST AEAL AR BE 0 EE AR AR ARSI B R A S
AHOCHE PRAGIN 45 51 s, G2 s AR T FUS , UUO A /)N
S I 00 38U 25 K s SO AR B S i3 , Rl s /) B
75 Cr . BUN KT, Fn .a-SMA % 4 Il mRNA ik 7K -
P AL X R, BRI X UUO A /N R B
UIaeEA AP ERT, BT s 5 ] L 2F 44k

BRACT U S ALHE IR O M AN A 2R A
JFa 5 Z2 i B B R A S O I R 2 R T
PRI A SR A AHOCHIFSEIE I, KRBT SR PR
9o H B /NS A AR AR T AR G SRR A T AT DL R
UUO BN B 2R 4E46™ . RFET 1Y 32 2 AE AL RRAE
£ 45 Fe” ¥ B T &1 3 M %A (reactive oxygen species,
ROS) HEFL B it S Ak W FRL R, Forb ROS HEBUH fE A
MDA & 5 34 i Al T-SOD i S B . Nrf2 J&—Fh i
SCARPRTLEERE S K1, G H 2 B S A A
J W AGHE A AR , DT 5 B A8 SN oA G k4
PrAAAE ™, Nef2 38 7T LS gh R i 5 88 T % )
HH By EE % Kl SLC7411, GPx4 %™, SLC7411 X 4
xCT, J& T i 12 F2 e , Fo g fith o) e 2 R/ 4 & B2 I 1)
ZF‘z“J‘éﬁi(cystlne/ glutamate antiporter, System Xc- ) i 1+ 4
FEAE AL IR T ) A RS R 38 X R AT T 1 B ) 3 5 )

T2 2023458 34 BT 5



System Xc-id i 4 L2 R 4 2 R A 20 A AP A 52 4
YRR, Herb b 2 IR 7 40 i 9 RT Sl IR E I R L
A A D R GPx4 XA Wik S Ak S A e H ki
ARG , 2 O R E—RERS FLEIR BRAR U ey
Bl , ATTEAS DEH KRR BIVEHITE A7 3 i e Ak
Wik i oy JCE B9 I, I BELEBIE A et 481 B B 8
Az BETTER R IE T AT A5 R R B A /N B

P AL Z R Fe™ v BE ML H MDA 5 5034 (828 7, i

1 H T-SOD i J1 W E FEAR , $/R BRIE T I e A 5 22 AT

AT 15U, /N BUR IEZH 2 b Fe VR B2 ML 1 MDA 5 it

Py 4 25 A, 1T v T-SOD 1 1 i & 7t i, B EZH 20
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