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WE: BN ETEFEFEMHXETF2(NR)/ZEHET «B il EH o
(IkB - o) /#2555 T - kB(NF - «B) {5 SRR T B2 R I8 20 (LPS) if5 3
SEE B (AKD RERRIPER, Ak 60 H SD K EEHL: %t IR
TZL PR T B2 (3t KA , dexamethasone ) TR 278 MK (100,10 mg - kg™")
ISR, AL 12 1 BRovt BRAL AN AUNE s T 4 10 mg « kg ™' IR (LPS)
il e 2P BB R BB FRBEDE S0y W B A T I i e F 2R ( CysC) VE 343
F - 1(KIM - 1) B S RE R T /K - 5 I b (s il B 20 21 83 A0 fL il ( MPO ) 5 4
LB (CAT) FIPUFRFE T /8 (4 - HNE) /K75 Fl S B 41 Ak 1A U Nef2 [ TkB - o
FINF - «B B AN RIEAKT, R XHRA BRI R Z G 2 S
ZHFNBH S BE 29 CysC 7K 74> 51 3K (93,18 +8.29) | (317.58 = 12.26) .
(132.73 £10.52) . (182.91 £10.63) F1(153.29 £10. 14) ng - mL™"; KIM -1 4}
(12,39 £1.79) . (52.19 = 4.26) . (26.83 +3.89),(35.71 =4.03) #
(29.07 +4.12) pg - mL™"; MPO 4 4534 (72.52 £8.23) . (177.95 9. 14) |
(116.37 £8.93) .(136.52 £9.37) FI(121. 81 £9.02) pg - mL™"; CAT & &4+ 5
J(60.73 +8.12) , (17.92 +8.32) , (38.41 £8.73).(29.72 = 7.95) F
(36.68 £9.26)U - mL™';4 — HNE 4> 51 7 (59.82 +7.38) . (179.63 +9.41) |
(97.38 £8.83) ,(116.91 £9.17) F1(98.56 +8.79) nmol - L~'_ XJ I 4 A5
2H M Rz 2 R IR N B ST 5 A N BH PR X IR AL TNF - o UK 43 ok
(8.96+2.69) ., (58.27 + 5.13), (19.14 = 4.82) . (39.56 = 5.37) #l
(16.38 4. 11)pg » mL™";IL = 1B /K435 4 (15. 62 £3.58) ((52.09 £5.76) |
(29.47 +4.61) (36.17 £5.23) F1(25.76 £4.29) pg - mL~" ;1L — 6 K F-43 5 Ky
(10.46 + 2.89) . (71.14 + 6.53) . (21.93 + 5.57), (33.28 + 5.96) A
(19.12£5.61) pg - mL™"; Nef2 2K [ AH % 3 15 /K F 40 B 4 92.56 + 6.13,
45.09 +6.97 73.22 6. 02 .63. 52 £6. 73 F168.29 6. 51 ;1kB — o & I XT 235
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78.77+6.32; NF — kB p65 % [ M X 32 35 K F 4 By 43.28 = 4.92,
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Abstract; Objective Based on the nuclear factor E2 - related factor 2
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(Nf2)/nuclear factor kappa B inhibitor alpha (IkB — «)/nuclear factor — kappa B ( NF - kB) signaling axis, this
study explored the protective effects of quercetin on lipopolysaccharide (LPS) - induced acute kidney injury ( AKI) in
Methods
group, quercetin high dose (100 mg + kg™") experimental group and quercetin low (10 mg + kg™") dose experimental

rats. A total of 60 SD rats were randomly divided into control group, model group, dexamethasone ( DEX)
group, with 12 rats in each group. Except for the control group, all other groups received intraperitoneal injection of
LPS (10 mg - kg™") to prepare an AKI rat model. Enzyme — linked immunosorbent assay was used to detect serum
levels of cystatin C (CysC) , kidney injury molecule —1 (KIM — 1) and inflammatory factors; renal tissue pathological
changes were observed, and levels of myeloperoxidase (MPO) , catalase (CAT) and 4 — hydroxynonenal (4 — HNE)
in renal tissues were measured by colorimetry; immunohistochemistry was used to detect protein relative expression
levels of Nif2, IkB — o and NF — kB. Results
group, low dose group and DEX group were (93.18 +8.29), (317.58 +12.26), (132.73 £10.52), (182.91 £10.63) and
(153.29 + 10.14) ng - mL™", respectively; levels of KIM — 1 were (12.39 = 1.79), (52.19 = 4.26),
(26.83 £3.89), (35.71 £4.03) and (29.07 £4.12) pg - mL™', respectively; MPO were (72.52 +8.23),
(177.95 £9.14), (116.37 £8.93), (136.52 +9.37) and (121.81 £9.02) pg * mL"~
contents were (60.73 +8.12), (17.92 +8.32), (38.41 £8.73), (29.72 £7.95) and (36.68 +9.26)
U - mL™", respectively; 4 — HNE were (59.82 +7.38), (179.63 +9.41), (97.38 £8.83), (116.91 £9.17) and
(98.56 £8.79) nmol - L™, respectively. The levels of tumor necrosis factor — o (TNF — o) were (8.96 +2.69),
(58.27 £5.13), (19.14 +4.82), (39.56 +5.37) and (16.38 £4.11) pg - mL™", respectively;IL — 1B were
(15.62 +3.58), (52.09 £5.76), (29.47 +4.61), (36.17 £5.23) and (25.76 +4.29) pg - mL™',
respectively; IL -6 were (10.46 +2.89), (71.14 £6.53), (21.93 £5.57), (33.28 £5.96) and (19.12 +5.61)
pg - mL ™", respectively. The intergrated optical density (10D) of Nrf2 protein were 92.56 +6. 13, 45.09 +6.97,
73.22 £6.02, 63.52 £6.73 and 68.29 +6.51; IkB — o protein 10D values were 85.62 +5.75, 42.83 +£6.29,
70.12 £6.51, 61.45 +6.87 and 78.77 + 6.32; the 10D values of NF — kB p65 protein were 43.28 +4.92,
87.59 £6.35, 55.79 £5.32, 68.83 £6. 13 and 49. 18 +5. 08, respectively. There were significant differences in the

above indexes between the control group and the model group, between the model group and the quercetin high and low

The levels of CysC in control group, model group, quercetin high dose

' respectively; CAT

dose groups, and the DEX group (all P <0.05). Conclusion Quercetin may alleviate inflammation and oxidative
stress damage by regulating the expression of Nrf2/IkB — o/ NF — kB signaling axis, thereby playing a protective role
against LPS — induced acute kidney injury.

Key words: quercetin; acute kidney injury; nuclear factor E2 related factor 2; nuclear factor Kappa B inhibitor

Alpha; nuclear transcription factor — kB

ANEE 14 (acute kidney injury, AKI) /2 Hy 570
SN R G R , DL D RE 7 4 I 8] s g 1R oy
AL A0 I PR S HAE o A AR T3, BUAT Il PR T T
22 )R BR TR AR, g ELB = ST % AKT (R 30A
JEZGM Y o AT R Sk T 6 E A R AR A e
INEK Bl AKT 2238 0 1Y SR BRI T, Al e 3R 0 — b
HA BEDR PR KR EIR LG, A
DR FT ST s B 0 LPS 755 AKT R U
ANE b B AN R ST T BT B A S VR T AT AR A%
REAT KT, B B I RERE IR . BT E2 A
K F 2 (nuclear factor E2 — related factor 2, Nrf2) /1% [H
T kB # i 2§ B o (inhibitor of kappa - B alpha,
IkB - o) /1% 5% % K T — kB (nuclear factor kappa — B,

NF — kB) {5 5 FlUR AR P S8 A 8L 90 S5 0 55 2 Fh A=
Wyt R R B oY . AR B R T
Nrf2/1kB — o/ NF — «B 55 fl1 , P72 % LPS 15
S AKT (PR3P OR B HVETEAL I

MEE7E
1w
B SPF G HERAE SD R R, BUIR

6 ~8 J TR (175 £25) ¢, 14 A L st el A1 46 50 50
SYIEARAT R A, S5 s W)V nl Uk 5 . SCXK (50)
2016 —0001  fr) 37 T F [ r B2 B 22 g 14 51 I I 55 B
LB b iRE 20 ~24 C IR 40% ~60% o I f



Chin J Clin Pharmacol

3063

Vol. 41 No. 21 November 2025 ( Serial No. 443)

Pyt e 2 C Zead v [ b BE R A B 7Y A 1 B 52
55 S0 BRI ] 2% D 25 1Y) A AL, S48 R
5 :2019XLCO18 -3,

HREIRF MR, .S g, it5 . 04951,
2l =98% , W H 3E[E Sigma 24 W ; Jif 28 (lipopo-
lysaccharide , LPS) , ¥ #% : 100 mg, 3t 5. 017M4112V,
2lifiE . =98% , W H 3% [E Sigma — Aldrich 28 7] ; #i 2k
PABERRENTE S, AUA% .1 mL/2 mg, $it5: H37021967,
W T TR R 25l By A BR 2N R i i D R
(cystatin C, CysC) . & #1557 F - 1 ( kidney injury
molecule, KIM - 1) I8 IR 5E A F - o ( tumor necrosis
factor — o, TNF — o) . H L/ & - 1B (interleukin —
Ibeta,IL —1B) \IL — 6, ##id & fL i ( myeloperoxidase ,
MPO) i %A1k %0 ( catalase, CAT) 1 0 52 56 - — i
(4 - hydroxynonenal ,4 — HNE) i3] &, 2y B a0 H+
gt R RA A IRR R — e g n &, 1
HACR R K TR A R Al Nef2 52 2 5 BEHTAA
kB - a B B FE T IRF NF — kB p65 %2 50 53 B 4t
A, Y90 B 9 [ Abcam 23 ] 5 SE 40/ B/ 1eG 9,
W { AL PR SRR IR A W

{88 Flex Station 3 [iff brf¥, 3¢ E MolecplLar
Devices/\ 7] 7 i s RM 2016 J5 B2 47] F- HLF1 TPI020 4= [
S KAIL, 48 Leica 23 W) 7 il C250 'V 58S &
BB, S Labnet 23 7)™ i s BXS3 @B 4l4E, HA
Olympus 2\ & 7= i1 ; Image — Pro Plus 6. 0, 25 [& Media
Cybernetics 23 &) 72 i o
2 ZWAHE
2.1 HYRBME . HEARLBEF X

60 2 SD KB FEHL 73 Dy Xof BEZH A 1Y 20 i B

R AR (100 10 mg + kg™ ") 7 4k 552 56 20 0 B A %)
M 4H [ 5 mg - kg™' Hi ZE K #) ( dexamethasone,
DEX) ] #i 2 5 25 24 57 & 2 2% DR A i BF 58 K
PSL e 45 527, o SR AR 25 25 ) B K Ty 1 B %
JESCHR S BT R LI B A B R K A, H A
5 E L I TEAT10 mg - kg™ LPS SZHI KB AKI
BB S S do R R, B R AR S
6 2H F2AH LR B 25 W)HE S 0 IR TR, BH P X
IR S5 AR AR RE T R 1 IR L2 21 d,
PR X BRZH T 3E ARG 1 h Ik TS5 DEX, Hp &
MG TR AERER K .
2.2 EBEEIEIR M ( enzyme - linked immunosorbent
assay, ELISA) iZ#l KR 1 7& CysC.KIM -1 R %
ERFkE

RGN )G, TR H 24 h & 40 KBS A AL

K 1% T3 B Fl 22 594 R e, LS i K BRI 5 oL,
30 min, A 3 500 r + min "' B§.0> 20 min, B HUMGE . ™
2 25 170 & 0 U B A AT A, D R BRI v
CysC KIM =1 TNF -« IL — 18 Fil IL - 6 {37k,

2.3 BBEERNZAXRREHSR MPO, CAT
4 - HNEZK ™

IROR BV 2H 21, RIPA 2% 30 min, 9K E 0T )5,
PBS ¥k % 3 K, il & 10% 4141513, 1.2 x 10
v+ min " B0 15 min, T EIERBUSE A $5 R
BRI SR T 2%, AR O MPO (CAT Fi4 — HNE
AR HEA T AE .

2.4 KR - 4 ( hematoxylin — eosin, HE ) 3 &
EMBEARBARREEHE"

G — B ALK BRAT 1, 10% PR R T AR GE vh ik
[ 5E 48 h, & HUBKIEY],S wm AT EFU] A HE 36,
HPER R, TS AR R (< 100) W4 421
LS
2.5 %A% (immunohistochemistry, THC) % #&
il Nrf2 IkB — a 1 NF — kB p65 Fix'"

WAL B, S o U1 R, HEAR 70 CRER 1 b,
FIH A TR AT I P KA T B N T e
filg 15 Pk PR ESL RN Nef2 (IkB - o [NF — kB p65 i
R (M BE 43331y 12200, 1: 50012300 ) , B 44 % BT
PBS B AL—H1, PBS ¥ Uk, Wi I Ll E 40 K B/ 166G 3R
GV, HEFE 30 min, DAB R, W {05 T 456 5L
IpIE], G 68 58 S, R K Wik, 98 AR R & 44, K
B TOUEE T (%200 £%) Mg R, BIPEE S0
v A RIURE, BEFLIE I 5 A~ FLEF, A Image — Pro Plus
6. O BRAFAS N BH M A5 5 F- 2 6 %8 i (integrated optical
density,, 10D ) {H ,

3 GitFaeE

JH SPSS 25. 0 A S 30 K P 2R A 7 /b B, X6 T 4F
BIESIT AT ETOR, FH x =5 o, dH 1] H AL H] 5
75 22531 (One — way ANOVA)

# R

1 WEERNZFHKRME CysC 1 KIM -1 K FH
A

X R A2 Mk B 25 v AR o S 5 A RN BH
X HRAL R BRI G CysC & & 43 51 R (93. 18 £8.29) |
(317.58 £12.26) . (132.73 £10.52) . (182.91 +10.63) fi
(153.29 +10. 14) ng - mL™'; KIM — 1 & &4 %1 K
(12.39 + 1.79) . (52.19 +4.26) . (26.83 =3.89) .
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(35.71 £4.03) F1(29.07 +4.12) pg - mL~"; 5%} I8
ZHAH LG, BERYZH KB IS CysC A1 KIM - 1 & 51
FEHE AR L ERBAESITFE X (Y
P <0.05) ; SEIRVZ LA, M R 2R AR £ S g 4
I BH T BRZH K BB 1L 7 CysC A KIM — 1 7K F- 1
WERK, ARITF L ERIASRITFE X (Y
P<0.05),
2 WEEXEHKRMDEXREREFKERRMD

500k BREAAR B, A5 AR 20 R BRI I 77 41 2% 240 e PR 1
TNF — o JIL - 18 Fl IL - 6 7KF- 35 b T i, FE G812
FESHAEGITFE (B P<0.05), S5EAIA A
Ll ik B 2R v AV ) e S 5 20 R BH 1 o) 2 K B
TEIERINT TNF — o [ IL - 1B I IL - 6 /K- i %
G L2 RIA RIS E L (P <0.05),
W1,
3 WEENZFEHXREHL MPO,CAT 14 —HNE
7K B £ M

X REZH AU 2 M R 2R L AR S S 0 2 RN B

R B XA AR RUMIE MR IAIEN T - «(TNF - o) FAIA 3 - 18 (TL - 18) A (IL - 6) /K-

PEXT RE 40 B MPO % £ 43 ) O (72.52 + 8.23)
(177.95 9. 14) .(116.37 +8.93) . (136.52 +9.37)
F(121.81 +9.02) pg - mL™"'; CAT & & 4 5
(60.73 +8.12) . (17.92 +8.32) . (38.41 £8.73) .
(29.72 £7.95) F1(36.68 +9.26) U - mL™' ;4 — HNE
S K (59.82 + 7.38) . (179.63 £ 9.41) .
(97.38 £8.83) . (116.91 +9.17) f1(98.56 +8.79)
pg - mL™ EXFHRAE HOAR AR A K BRI B 414 MPO
4 — HNE 7K F- 35 3 7155, CAT /K i 3 A%, 16
Giitep EERWA ST EE X (P <0.05), 5
TUZH FL ¢, M Bz 2R R AV 8 S 6 2 0 B 1 % BE AT K
SRR EF 4140 MPO FiT 4 — HNE /K- ¥ il 2 [# %, CAT
KB ET S G 2R HA S FE (Y
P<0.05), L& 1,
4 BAHEARESHLREBEESKHET

HE Juta 25 3L IR . 5% R4 AH L, AR 2 K U
JINGE b K L K VBRI, B /INAE SR L L K M, 2 )
R T 98 A R A K IRV, A G A

M (x +5)

Table 1 Effect of quercetin on serum tumor necrosis factor — a (TNF - «) , interleukin — 1beta (IL —18) and IL —6 levels in rats of each

group (x £5)

Group Dose(mg-kg'l) n TNF—a(pg-mL'l) IL—]B(pg-mL'l) IL—6(pg-mL'1)
Control - 12 8.96 £2. 69 15.62 £3.58 10.46 +2. 89
Model - 12 58.27 +5.13* 52.09 +5.76* 71.14 +6.53*
Experimental — H 100 12 19.14 +4. 824 29.47 +4.614 21.93 +5.574
Experimental — L 10 12 39.56 +5.374 36.17 +5.234 33.28 +5.964
DEX 5 12 16.38 4. 114 25.76 +4.294 19.12 +5.614

DEX: Dexamethasone; Compared with control group, * P <0.05; Compared with model group, 4 P <0. 05.

IkB-a Nrf2

NE-kB p65

Control Model

Experimental-H

"’5;“~ 'fg’%ﬁi‘ A
» ;1}3"‘*/4??‘;""‘*)%4"
EANARLY TS U ST ‘yg 3

S a0

o
Experimental-L DEX

1 e A A 5 AR R HEUE I 7 E2 MG 1 2 (Nel2) B kB I o (IkB - o) EHKIN T - «B

(NF - kB) p65 HFAIX KX x200,n=6)
Figure 1

Relative expression levels of nuclear factor E2 — related factor 2(Nrf2) , inhibitor of kappa — B alpha(IkB —«) and nuclear factor

kappa — B(NF —kB) p65 in renal tissues of the five groups detected by immunohistochemistry ( X200, n=6)

Compared with the control group, # P < 0.05; Compared with the model group, 4 P <0. 05
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Xof BRAT RBERUZE AR 3R AR R S0 4 Y Nirf2
X R B KB 92.56 + 6,13,
45.09 £6.97, 73.22 + 6.02, 63.52 + 6.73 A
68.29 +6.51;IkB — o & [ FH XF 3 3k 7K F 43 5l Ky

~ Control Model

Experimental-H

85.62 + 5.75. 42.83 + 6.29, 70.12 + 6.51,
61.45 £6. 87F178.77 +6.32; NF — kB p65 & {4 # %t
Fk K4l 43.28 + 4.92,87.59 + 6.35,
55.79 +5.32 68.83 £6. 13 F149. 18 +5. 08, 5% Ba 4
P B RUZH R B NF — kB p65 A X Rk 7K - g 3
Fhisr , Nef2 Fl IxB - o FXTRIB K34 B & FRAL, 5
2 EZRIA G EE (¥ P <0.05) ; SR
AHEE iz 25 v ARG 0] ek 2L A PH ) R 2 A 1 4
21 NF — kB p65 A XF 3k K ¥ 1 35 B AIG, Nef2 Al
IkB — affi X KBTI B ETH = G LR
HHITH#E X (# P<0.05),
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Figure 2
( x100)

o

AKT S MEREAE 5 WL R B0 , FL kA 3 A e 75
iR P RIS 60% o SR H R IETT BLRGE A B,
LB i PR % Ao i R 1) BB 22 (R, LPS & — P RE RS
PEAMEI R GEFF 5| K JAE DI S IR 240 T PN 5 3%, B
J 2 PR E S MERREA DG AKL BRI CysC A
KIM — 1 J2 SRz ¥ 4 13 1) AR W0 s 75 0, 4 S8 1) L T
JUURR IF . bR 2% 0 EL A O 1o 11 2 AR R Ry R
AHIEFEE I B T S LPS i i B AE AR OC Y AKT K
FURE T, AT 2 R BRI CysC A KIM — 1 /K-8 4 25
T, $ 7 AKL R BUBEZY 2 i i Eh o a4 B K36 77
J& , AKT R BRI CysC A KIM — 1 7K - X B 1 F
%, B /N b Bz 20 I TR SR 2, B T T K b A R i
20 B R I ek A, K BRUA Y  RE R 2 U IR 2 45 3
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NG VR T RT3 BE 5 e B, A B2 3R AT A S50
TNF - o IL1 - B 116 254 48 [N 1 B, I I i
T BR M A E B 35 1 4 (reactive oxygen species,
ROS) , xffle #E AKT % A= % J 1 2 A 5% B i B 35
i AT B A I SR A A S A 3R A A
Hi g al UL, i B R R BT AKT R Z BIR 259 .

Nif2 SEHEFR IR N AL I AR A 1 G B T, Tz
FAAE TR il O ARSI H P 7R 32 B S AL ORI

Effect of quercetin on the pathological morphology of renal tissue in each group of rats detected by hematoxylin — eosin ( HE)
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