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Liquiritin ameliorates acetaminophen-induced liver injury in mice
via activation of Nrf2
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Abstract: This study investigates the protective effects of liquiritin (LQ) against acetaminophen (APAP)-
induced liver injury in mice and explores the underlying mechanisms. A drug-induced liver injury model was
established in mice by intragastric administration of APAP (300 mg-kg™"). LQ was administered intragastrically at 1 h
after APAP treatment. Serum biochemical indices, oxidative stress markers, and hepatic histopathological changes
were evaluated at 6 h after APAP administration to comprehensively assess the ameliorative effects of LQ (animal
experiments were approved by the Animal Ethics Committee of Shanghai University of Traditional Chinese
Medicine, approval Nos. PZSHUTCM2401080003 and PZSHUTCM2510170008). Furthermore, Western blot
(WB), quantitative real-time polymerase chain reaction (qPCR), and in vitro cell models were employed to
elucidate the underlying molecular mechanisms. The results demonstrated that LQ (25 and 50 mg-kg")
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significantly ameliorated APAP-induced liver injury (P < 0.05, P < 0.01, P < 0.001), hepatic oxidative stress (P <
0.05, P <0.01, P <0.001) and alleviated the inflammatory response (P < 0.05, P < 0.01). WB and qPCR analyses
revealed that LQ promoted the nuclear translocation and activation of nuclear factor erythroid 2-related factor 2

(Nrf2), and upregulated downstream gene expression in APAP-induced mouse livers (P < 0.05). Notably, the
protective effects of LQ were abolished in Nrf2 knockout mice. These findings indicate that LQ alleviates APAP-

induced hepatotoxicity primarily by activating Nrf2 antioxidant signaling pathway to counteract oxidative stress.
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NFECAVEN R ) FEFE 2~ HEl, N-4 Bk
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HmERF W% Z B (alanine aminotrans-
ferase, ALT; 57°5: C009-1-1). K& R IR % = I (aspartate
aminotransferase, AST; %5 : C010-1-1). & e H Ak (I
5 A006-2-1) 1§ - (malondialdehyde, MDA; %% 5
A003-1-2). # % 1k ¥ 5 1k B (superoxide dismutase,
SOD; 5% '5: A001-3-2). B id A A4 (myeloperoxidase,
MPO; 751 A044-1-1) far PR & 3500 B F 5t g e
WLROFRR, 2,7- Z R ARLE ZLMREE (2,
7'-dichlorodihydrofluorescein diacetate, H2DCFDA; %%
5: D399) I H 3% [E MedChemExpress 2 7 ; Trizol (52
T AL11815A) I A 5 H EAMH AR A R A 6 ; Fk
R . (P2 *5: J301KA8421).SYBR green premix (¥%
5 : 11201ES08). Luciferase Reporter Gene Assay Kit %
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CY5156). ¥ £ J2 & A Bl (Lamin B1) i ik (% 5
ABO0054) W) H g3 0 B AE 3 ARG TR A &5 Nref2 $1
& ($2'5: GXT103322) 1§ H GeneTex Inc.; i A A
A5 IR PR B (5845 111-035-003) 14 H 35 [
Jackson Immuno Research /A 7] ; £ K H B (1% 5.
80096628) Tt H [ 244 AL 2 157 A BR A 7]

{8 BioTek Synergy H4 [ b5 1% (3£ E Bio-Tek
2], IR & O WL E B R A (48 B Eppendorf 2
Al); —80 °CAIK il UK 46 (3£ [ Thermo Fisher 2 #l);
QuantStudio 6 flex 5 B} % & & & PCR X (3£ [H Life
Technology 2 7); J BRI v 3 /LA 2 6 B f B2 (H
A Olympus 2 #@l); Hill UK AL 5 28 3R K B 8 (H A&
SANYO A ).

DILI/NGRARBI 54575

LQ k¥ /N DILI Sk 5 )3 v 4l # 25 A
CS7BL/6J /N B ML 73 1 5 4, B4 5 W, 28500 53 3 A
@© IEH X4 (Cont); @ A2 (APAP, 300 mg-kg™);
3 APAP + LQ K78 41 (25 mg'kg"); @ APAP + LQ &
FIEA (50 mgkg'); ® FIPEXTIRZL (NAC, 800 mg-kg™).

PR FT Nrf2 78 LQ 2 /)y B DILT 2 2L (1) 3l 4 S 56
e HEVEEF AR (NTf27) /N BRER Nrf2 R B (NTf27)
INERFE 18 R BENL A 6 4L, B 3 L, 41 43 il N
O Nrf2"”* control 21 ; @ Nrf2”" APAP 41 (300 mg-kg™);
(3 Nrf2"* APAP + LQ 2 (50 mg-kg"); @ Nrf2" control
#1; ® Nrf2” APAP 41 (300 mg-kg"); ©® Nrf2”” APAP +
LQ#4 (50 mg-kg™h)-

ANRUE RN PEIRFE LS, TSR TR il R,
APAP %1 . APAP + LQ 41 ¥ /X i# B APAP 300 mg-kg',

Xof BEZH B YR E A B AE T A K, #EH APAP 1 h S,
APAP + LQ 2H. 3 7] 5 U 15 AH 75 £ 1R LQ, BH 4% |
2 B YT fl 0 SRR N R R NAC, X B 4 B Y 2%
B K. B APAP 6 h G, /N W4 BRI b 31 5 Ak
B Bt e, SR AR /N B IR T 4L, T S s
5o AR, KRR 2H /N B 4 B i ] R AR 4% %2 R
BT, T JE SR B, DAL i 20 2R 1
I B 2= AR A o

M;EALT ASTEG;ZE 4N KM GFEAFE 2 h
Joi, B0 b o 44 R AR S T AR I I 7 b )
ALT Al AST 3% J17KF-o

FFAE MDA ,SOD . MPO & £E BYHUE & T
il 2% 10% 25 o AR 7 50 i B A Ul JHF 0 o ) MDA
SOD.MPO &% & .

NNRIBERFFBESE K/ BRI S 7T IRk,
MR s ik DL 20 9 3 mL-min E N BE VW, £5 T
JIEE 7 28 S B T U 0D A S IO A R P €A
S P FE AL D9 T AR, R FE T AR T BIE P9 B 7R A
A BUR JE AL 0 BEE T 50 mL 2.0, B K
b FERBE G PR T B BE AT 40 M e 4 VA, LA
70 pm JE W BT 40 i i 98 2 0 (50 xg, 3 min, 4 °C), UL
ERDA T SZRR AN M . #22% BE S N 5 mL B b 8% 97
FIFEM B TTE EE, 50 (200 xg, 10 min, 4 °C), f#
BA 2H P T3 1 I N S5 R FR 90% Percoll A4 Hi 55 77 &,
FREEIE S . B0 (200 xg, 10 min, 4 °C), 3 L& 5
R A5 I AT 4t A

GSHEENE HEXJ\_EH:FH}LjUI&% & A,
MR 2 77) & 15 AR GSH &

& 1% & (reactive oxygen species, ROS) & £
E Y HCIE & AE B 4R IE B 40 M, n N PBS il %
10% 213, 4 °CE DL EiEME A &=, VI EE TS
10 pmol-L" H,DCFDA ] 7l ¥ PBS, i Jt; 37 °C % &
1 b, S7BURS I 5% o 5 5 3 DA R AR AR B IR RS OE, A
7 H A EEAE T EAE X ROS 7K

FFARLRFLAS NG HUAH )30 A7 1) 7 6 JHF Ok 4 21
TUAE 4% % 58 F S VP[] 5E 24 h, B R0 /K L A7 i A B
VI, T H&E Y, e B ise B4,

Real-time PCR 3 #1  #%1& Trizol il 71 &% Ui B 5
$& B/ B WE 240 20 RNA. RNA AR #% PrimeScript”
RTMaster Mix ik 7 & Ut B 5 20 BR300 5% 56 5 cDNA, 3

FI) 1Y) cDNA #% 8 SYBR green premix i 71 &5 15t B HE 47
AR 78 52N 98 O 8 B PCRAX L #E47 real-time PCR ™
W H bR 5 R I R 3Rk & B-actin BR 1E1L, R
27ME AT B S . AR SCE R BB B I 1
BN o
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Table 1

List of primers for real-time PCR. 4ctb: f-Actin; Gcle: Glutamate-cysteine ligase catalytic subunit; Ge/m: Glutamate-cysteine

ligase modifier subunit; Hmox-1: Heme oxygenase 1; //1§: Interleukin 1 beta; //6: Interleukin 6; Ngol: NAD(P)H quinone dehydrogenase 1;

Ptgs2: Prostaglandin-endoperoxide synthase 2; Sod/: Superoxide dismutase 1; 7nf: Tumor necrosis factor; Forward: Forward primers;

Reverse: Reverse primers

Gene name Species Primer Sequence

Actb Mouse Forward 5-TTCGTTGCCGGTCCACACCC-3'
Reverse 5'-GCTTTGCACATGCCGGAGCC-3'

Gele Mouse Forward 5'-CGGAGGAACGATGTCTGAGT-3'
Reverse 5'-CAATGACCCGAAAGAACTGC-3'

Gelm Mouse Forward 5'-AGGAGCTTCGGGACTGTATCC-3'
Reverse 5'-GGGACATGGTGCATTCCAAAA-3'

Hmox1 Mouse Forward 5'-AAGCCGAGAATGCTGAGTTCA-3'
Reverse 5'-GCCGTGTAGATATGGTACAAGGA-3'

11b Mouse Forward 5'-TCGCAGCAGCACATCAACAAGAG-3'
Reverse 5'-AGGTCCACGGGAAAGACACAGG-3'

116 Mouse Forward 5'-CTCCCAACAGACCTGTCTATAC-3'
Reverse 5'-CCATTGCACAACTCTTTTCTCA-3'

Ngol Mouse Forward 5'-GACAGGAGCGACCAGCACATTC-3'
Reverse 5'-GTACTGGCCGGTCTCCGTACC-3'

Ptgs2 Mouse Forward 5'-CAAGCACAATAGATGCACAAGAAG-3'
Reverse 5'-ATATAGAATGCGTAGAGAGGGGAG-3'

Sod1 Mouse Forward 5'-TGTCCATTAAGATCGTGTGAT-3'
Reverse 5-TCATCTTGTTTCTCATGGACCA-3'

Tnf Mouse Forward 5-ATGTCTCAGCCTCTTCTCATTC-3'
Reverse 5'-GCTTGTCACTCGAATTTTGAGA-3'

Western blot (WB) L3 BYHUE & AT TS ISE ANOVA RS A5 22 55 VAT IG, 2407 22 55 WIASE I 75 %

2, TN E A 1 71 0 SRR TR B 10% 5T
FI NE-PER® nuclear and cytoplasmic extraction reagents
B A B MR AR B . AR T B R, SR
il BT B A R R, 99 °C & #F 10 min. FH 10%
SD'S 5% T I T Jie ek i v Uk 70 188 2R 11 JF % %5 PVIDF I,
—hE LR, 5 KM 0.1% Tween 20 ) TBST ¥t
JE 3K G =R E P2 h, TBST #2 % 3 K5 & &2 &
14 . 41 L AlphaViewSA (Version: 3.4.0) #4443
T o

RIS RIEARE R T XL GR IR
i3 /7 3] 1) L-02 41 il & (L-02-ARE) W [ BU1E A4 4 24
H], BEFR AT 10% FBS 1% X HT 2 pg L' =4 52 5 1
DMEM #5955 . 4 fifg 5% 5% 5% A2 37 °C 5% CO, Hi 1l
T P AR B IR A o A A I O B A AT T sk
6o/ Bl AR 40 B 2 2 5 A T 0 A 35 7 ik 3 A 4l
B, B4 hJE 3 R B IR AR R 8 B 10% FBS 11
William's Medium E 35 77 & #F 47 £ 7%, H A %% 11 [
L-02-ARE 41 ffl .

W ERS (luciferase) LIS L-02-ARE 40 iU 1%
FRAE 96 AL, WiBE RO 5L & — I F, 24 h
i ST A i 2R AR 3 2 AR SEE I N 2O K
(5340 100 pL) Y21 Ja kI & HeAH

GitFE S SLIHEE D IE + ARiEZ (mean +
SD) %o & HEHE HEAT B KR T5 2 73 BT (one-way

SYHT (LSD Kte); 2407 2 835 U4 A 2 MR S A7
PIAMHT FEA BRI S . P < 0.05 M ALIA % 53 AL
it X, Lh B4 #4938 1 IBM SPSS St it 21.0
PE7E R

#HR
1 LQXE APAPIFESHYV/NRATIRG

WE 1AB i3, 5 control 41 Et., APAP i f J5
/INER AR ALT AST Wi 3% 7732 3 7 (P < 0.001), £
JF 4545 B s E45 7 LQ (25 A1 50 mg-kg') )5, ALT
A AST /KT ¥ &3 F B (P<0.001, P<0.01), #£75LQ
X HFE B 05 B A B 2 R Al NAC RER B K ALT
K (P <0.001), AST /K~F o 2 2t . H&E i 1]
F k4453 (B 1C.D) &R, APAP AL H B T #H &1
JH A I 8 A [ 46 A 2 R4 B AR T, s I IE
o B4R 4 7 5L T E 45 T AN AR LQ BRNAC 2 &, fiF
I 2 25 rp BR B X 3 T R S 2 B AR (P < 0.05) 4T it A% [
95 o SR b . X U8 B LQ X DILI B A & 3% (1) ok 3
AR
2 LQR% APAPIE ST & 1%/ R AT AL Y F AL B2 B35
1 5 RIEKF

WE 2AB i 7%, 5 control 41 Et., APAP 41 /)8 i
BT JE 7 ROS F1 MDA & & & % J+ & (P < 0.01, P <
0.001), & B AT M S8 16 B K S 2 25 R 245 7 LQ
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Figure 1 Liquiritin (LQ) ameliorated acute drug-induced liver injury (DILI) in mice induced by acetaminophen (APAP). A: Serum alanine

aminotransferase (ALT) activity (n = 5); B: Serum aspartate aminotransferase (AST) activity (n = 5); C, D: Representative H&E staining

images (C) and quantification of liver necrotic area (D) (n = 3) (scale bars: 100 pm). Mean = SD. “P < 0.05, “P < 0.001 vs control group;

P<0.05, "P<0.01, "P<0.001 vs APAP group

(25 F150 mg-kg") J&, ROS & & A B K (P < 0.01), 1M
25 T AN E LQ J5 MDA /K P .2 & (P <0.01,
P < 0.001), $& 7 Ik g 5L i S A 34 153 21 T 8 2 2%
fit . GSH fEf5 5 APAP HIARU 7= 4 45 & 1T R $8 Xt
DILI 1) fi# 2 1F F, SOD RE % 375 B 1 N (1 3ok S 4k 7, M
M SCGE AN . WK 2C.D i, APAP 411/ BT I
1 GSH 5 SOD & & & Nk (P <0.01), & E
PR TSR A RE 198055 ; 1 7845 T AN [F 71 =
LQ )5, GSH 5 SOD /K ¥ ¥ & 2% FJ+ (P <0.05, P <
0.01, P < 0.001), $&7~ LQ &% A 24 2% fi# DILI s A% H i
T PR S84k N B AR 15 - 4 1 2E T, APAP 4H AT iE MPO
KA T control 4 W & &7, 3R W] APAP & ST
JIE 98 9 7K P T R, S R R LQ 45 24 3 g . 3 BRI
JE MPO 7K *F-. & 2F £ 1, LQ (50 mg-kg™") it 1% P& MK
APAP 4 B /N B UE o {2 28 AH OC B R 1 4 A R - 18
(interleukin 1 beta, 1/18)+ [1 4 il /- % -6 (interleukin 6,
116) Hi 5 Bg = A L S AL P & B 2 (prostaglandin-
endoperoxide synthase 2, Prgs2). I8 YK 5E A ¥ (tumour
necrosis factor, Tnf) ) mRNA 3£ & #4 i1, $& 7~ LQ X
APAP 75 5 11/ BRI 20 AT BB H
3 LQ1Ri# APAPIE S BT & /R AT B 7 Nrf2 B94%
LR

 3A B fituR, APAP 4 /N &R HE A ) Nrf2 A%

E > (P <0.05), 1M 7E45 T LQ (25 A1 50 mg-kg") 2
Ja, Nrf2 BINAZ B2 TH 5 (P < 0.05), 378 LQ A A 2%
R E Nrf2 (1) 4% 6 A7 0% . 3E— B R0 T Nrf2 T i 11
PUAE AL KR, 45 BRI LQ (50 mg-kg!) REH XUie
1 GeleGelm W BE R R IE (P < 0.01, P<0.001). LAk,
LQ (25 mg-kg") & BE T & [K APAP 3 A5 17 [ A T
Wil 21 2 48 A B8 1 (heme oxygenase 1, Hmox1)~ NAD
(P)H [ Mt £ | [NAD(P)H quinone dehydrogenase 1,
Ngoll. B ALY B AL 1 (superoxide dismutase 1, Sodl)
fIHE R FIE (P <0.05, P<0.01, 3C). RH WBit—
BRI GCLC & GCLM W& ARIE K. 4R ER,
5 control ZH A Lk, APAP 41 #F GCLC 5 GCLM % H &
KK 83 R (P < 0.05); 1 LQ (50 mg-kg™) N Af
i 3% 1 GCLC K& GCLM & A £ 1E K F (P < 0.05).
X 3R B LQ REASE 13 DILL /IS B IE A Nrf2 (i e 5
WOE, FEE TR R R Rk
4 LQXERINAPAP H 1t B RETSHUE Nrf2

W B 4A B, fE AR AN S5 i, R A APAP
(7.5 mmol-L™) H ¥/ BUEACH 240 i, I A 45 7 AN [
WP LQ (10 #1125 ymol-L™") JL A & 24 ho 45 H &
7, APAP & 15 J5 23 2 35 B IR 40 M A7 35 2 (P < 0.001),
LQ (10 F1 25 pmol-L") 4 2§ & i 5 ix — & 3 (P <
0.001). ROS %5 KK 11, APAP 75 S 41 i 1§ ROS & &
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Figure 2 LQ alleviated hepatic oxidative stress and inflammation in DILI mice. A: Liver reactive oxygen species (ROS) levels; B: Liver

malondialdehyde (MDA) content; C: Liver glutathione (GSH) content; D: Liver superoxide dismutase (SOD) activity; E: Liver
myeloperoxidase (MPO) activity; F: Hepatic I/1b, Il6, Ptgs2 and Tnf mRNA expression. n = 5, mean + SD. P < 0.01, "P < 0.001 vs

control group; ‘P < 0.05, “P<0.01, ""P<0.001 vs APAP group
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Figure 3 LQ promoted nuclear translocation and activation of nuclear factor erythroid 2-related factor 2 (Nrf2) in DILI mice. A, B:
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