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Abstract: Objective To investigate the mechanism of Qiwei Zhigan Formula (QWZG) in ameliorating diet-induced metabolic dysfunction-
associated steatohepatitis (MASH) in mice. Methods A MASH model was established in male C57BL/6] mice by feeding a Western diet.

After successful modeling at week 18, mice were randomly
(R4 H ] E5 ERRFE 4 T H (82530124) 5 T A divided into a model group and QWZG low-, medium-, and high-
SRFIELHE 40 ] (237R1447700) dose intervention groups (n=8 per group) , with a normal control
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group (n=8). Mice in the intervention groups received
corresponding doses of QWZG by gavage for 6 weeks, while the
model and control groups received an equal volume of 0.9%

sodium chloride solution. After 6 weeks of treatment, body
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weight, liver weight, and liver-to-body weight ratio were measured; serum levels of alanine aminotransferase (ALT) , aspartate
aminotransferase (AST), total cholesterol (TC) , and triglyceride (TG) were detected. Hepatic histopathological changes were assessed by
hematoxylin-eosin (HE) staining and Oil Red O staining, and hepatic macrophage infiltration was evaluated by immunohistochemistry.
Transcriptome sequencing (RNA-seq) was used to identify genes and pathways modulated by QWZG, and Western blot and reverse
transcription quantitative real-time polymerase chain reaction (RT-qPCR) were applied to validate the key mechanism. Results Compared
with the model group, QWZG intervention significantly reduced body weight, liver weight, and serum levels of ALT, AST, TC, and TG in
MASH mice (P<0.05), and alleviated hepatic steatosis, ballooning degeneration, and macrophage infiltration. RNA-seq results showed that
QWZG intervention significantly downregulated the expression of forkhead box protein M1 (Foxm1) in mouse liver. Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analysis revealed that inflammatory-related pathways such as the nuclear factor-kB (NF-kB)
signaling pathway and cytokine-cytokine receptor interaction were significantly inhibited. Validation experiments confirmed that QWZG
intervention markedly decreased Foxm1 protein expression and p65 phosphorylation levels in MASH mice. Conclusion The mechanism by
which QWZG ameliorates MASH in mice may be associated with downregulating Foxm1 and inhibiting the activation of the NF-kB signaling
pathway.
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A AH 3G B 105 1k %8 (metabolic dysfunction-
associated steatohepatitis, MASH) =245 oh fE 4540
¥ 18 Wi M F 95 (metabolic dysfunction-associated
steatotic liver disease, MASLD) [ #F J&& By BZ', 2H 41
VLRG58 P RAE S A AR R . Hoh 2y
20% 1Y MASH S8 5 & e o Ak | i 35 1 - 240
JiL g (HCC) A5 2 AR I 1) & A KU ), 2 i 4
BRVEAIL AR B O RGSE S SR ) R A 5T
P K Z Ge AR 59 18 24, AEAT) A7 AR DL 25 R A
PR AT RO ISR R BR ) R - 2
PRI YR TT SR AR G RN, h RS
FEREAR L&, 5 R BEUE R IR 1A% O SR, I IR
1) 25 52 07 BAT Z2 o | 22 40 5 P R A A e
AT ] 25 8 MASH ZEF vh A2 2% 1 g B Qi | 28
I BT AEAL SR BRI, S MASH Il R IR 97 4
AR BRIV TE R R AR

AR B A B9 - R IR 7 (QWZG) , Hh B 5
FER12 g FERLG 12 g JEWE 4 g SRALWT 12 g 1A
4o FEALS o B R T 4 g AR, LA Al 2 A
THIREES % AR DRk . AT sl S g e
R %22 e R A, OF nT A 0 B4 41
FPEE, BE SRR a5
2024LP00957) o XTI, R ARAE ML A5 A 2t —
A o A ST APLIE A 0 J7 B S Y MASH /)
BB B, 45 5 e s I PP (RNA-seq) 73 #7 , i A
QWZG Xf MASH [ T7 L, IR AR TE AL LA
FHBLA 2 A 5 W4 SR AE R M1 (Foxm 1) /B
kB (NF-xB) {5 S Hih A 3¢ . AL BN QWZG 1

i PR 2 T B8 A 1038 52 1y 2 A 4

1 MRE5RZ®

1.1 ##

1.1.1 4 SPF R IEYE C57BL/6) /L 40 H L 6 J&
1%, 00T g R R R A BR A F . sk
P AT IE S SCXK (971)2023-0003, 34 fdi 14 7]
IES : SYXK (97)2025-0008., FiA /N IE T F
Vg TP B 25 K 2E SIS Sl ) o0 16 SPE 4 5 B PR
FREE SR G IR (22+1)°C, M RHE JE (60+5) %,
12 h/12 h IR SN , B B EEE 510K, AR5
1T Sh ) S S B AR B R R L, 2t
Vg HP [ 2 K2 Bh W) SE UG A0 B B 2 B At oE (12
AL HES . PZSHUTCM 2401080008 ) o

112 HY5RA QWZGC HPFRIREH (6.19 g’k
2lg 2 E k), LIRS 2L B A7 FR A w Akl I
FEAL VG IR B R (HES . D12079B) , B BL— B
AR A RA R WA R AL BB (ALT) R
R IR B I RSB (AST) 8 A [ B (TC) B2 Hh =
fis (TG) X & (#5451 2~ C009-2-1., CO10-2-1,
A111-1-1,A110-1-1) , 7 50 B R W T RE 5% o A5
F2 2> 5] ; SYBR Green Pro Taq HS TR 18U 5E & R A il
BE RN (qPCR)IRF £ Evo M-MLV 5% st 7 1k
W (520 1 A7A3060 . A7A3072) , SR AE B R
FA PR A F IR AORS DL g 0 i (HE 5 43 00
HEMML-0T-500 . EOY-10-OT-1L) , b FHL AE Y14
ARA R FE] L 0 B K (dit 5 : SHBN4938) |, 3¢ [H]
Sigma-Aldrich 28 7] ; — 2 BLHE R 1 (DAB) ¥ 4 A I
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R (5 ZL1-9017) , b mth 2 A A W E AR AT IR
Oy ) 22 T [ RS 5 AR e DL UE TR
(RIPA) 24 i W (it 53 51 PO099 . POO13B) |, 3 =
RAWHAA AT BT pos Bk .p65 Pk (it
S AP1458 (A11204) , I 2 18 4% 7 A M Rl
AIRAT] ;Foxm1 Pk (5 :11124) , 5 [H Santa Cruz
8] F4/80 HLIAR (it 5 : 70076 ) , F2 [ Cell Signaling
Technology /A Fl ; B-lIL8IEE F (B-actin, L5 : R1207-1) ,
UM AR L A YR AR A R | A Z Ak L Fhi et
JEEREE 1 G(1gG) (5 : BA1000) , 52 [ Vector 23 7 5
Omni-ECL ™8 2 5 1k 2 & 6 K il i 351 & (L5 -
039C1498) , b iEFERG A ) B2 25 B A FRA F .
113 EEME LWTOLERPCR RS (A5
QuantStudio™ 6 Pro) , 3 [E Thermo Fisher Scientific 2
) 5 eBlot™ L2 PR {2 4% A (B 45 : L00980C) , 3% [
GenScript A H] 5 fiff b1 AL (%1 45 : SynergyH4) , 3£ &
BioTek 23wl s vKR VI #L A7 85T 7 AL AL HEAIL (38
543 BN . CM1950, RM2235 , EG1150H+C) , & [
Leica 2y A 5 & 5 8% (4 5 . Axiolab 5) , ff [£] Zeiss
NI

1.2 a6 B /NS N HERIE G,
Rl AIL 73 X R (n=8) \IEA A (n=32) . X BRZH /)
26 T 0 LR, 3 A TR R P IR, TR 3R 18 R
BN MASH BRI IS 7 JF IR 45 25 T Tl

1.3 T @SR/ NRBEVL N QWZG ik
FIE AR (n=8) . % QWZG = M N FRAFRL
1.5 o/ (kg dVER A&, FEGHIE 0.75 g/ (kg d)
AR F A, R 3 of (kg ) A My i ] A T
B2 . QWZG £ 4L/ A% 1 10 g /N FRUR JT &
0.1 mL UEATVE 8 45 2, B0 20 Rt B 4 /) LBt P 45
RBL0.9% FALENSWHE S , Il 6 i . THZs s
/NI 2R B LA G — B2 A 4% 2R W
W R AR AU 4 AR RS T -80 C
(EE

1.4 AniEsaL ok

141 HAE FRERFELMNZE BT
T J) [T B T) R A /s BRUAR BT i 0 i s o S B 28 0
i, /N RS R EE K 12 h R FRECR AR R TR . BN
BRI, Bk o JHE 0 6, 31030 AR LU L It () /AR o
1 (g)x100% ]

142 fdF A AR AR AT /N B IE J5 & kAR
1ML, 41 % EFFE 2 h,4 ‘CF 3000 r/min &> 15 min,
Oy ES BRI 402 5 80 CARIEAT . TW A% i IR

R G T SRR 1 R B AR A 53 51 0 A2 177 ALT
AST . TC X TG & 1g .

143 FHLRELA FHARSAHAEE, Y
AR 4 pm) o YR85 4 — W 2R B s X6 2
B A OK Bl AT R ARG A LL (HE) Gt . e )5
VIR VAZER K JE B vk, I W 2R B, e DA
PR AR S Ao A ST R B K i R AL
YA WG IEE 30 min, JK MU R IR E Ao e
05 B YT R H T A5 B2 L GO ST 1) DA AR i
g 05 305 20 BE BF40 (NAS) R Ge 5t 45 41/ R 44U
I AP RERAE AR AN P R AR B A T 40
1.4.4  JFBE B A HE AR 0L BRI 41/ R4
2450 mg, MMAFE ToK L BE-F A5 1R AW (R FLEL
1:1), KV 51 il £ A 8UE W, 4 °CF 12 000 1/min
B0 15 min, U8 BIEW . 3 4% B TC A TG I
TR BB S, SR L €0 75 A Tl A4S A6 I W '
FEAH IR PR e L 2L TC R TG 5 i, 45
A s 2 20 T 5 R o P B IR B R o 3 Ah,
BOKZEYI A (4 wm) , 48 4% 25 H RS [ 1 , IR 55 2%
T (PBS) M %k M4l O TAEW Y 0 & . 4k LU
60% 5N B4 (6, PBS 1306, LA IR ACRS &2 YL i i | I
Jei F 80% Hilidt Wi gg . 76 Gl T LA 40 5 Bk
TR MEEFNELH ) R HERRAE B o (8 FH Imagel
B CHUAR 1.53) X6 BE P DXttt 43 A7, 3153 B
PEFA S R A 4 L .

1.45 RFHLNFEBRNFHALTFH0ERE £
WY R 2R IR e QM R B T R
K BB R SR H 2 IR G PBSTE L, Ais/ DRy
S YL AR YR AT P U e AR A Tt B T R 1 T
FEH . A —HF4/80(1:200) ,4 CIHEE K. 2
H PBS #9k 3 s A R AL L3509 1eG 7E 37 °C
% F 30 min; "2 FEE KN (DAB) %44 5 min; 75 K
FEU 1 min; FYER G B F o TR ACBEAEI , F4/80
PR X S8BT S A4 €4

1.4.6 HF4 44 X K4EHF mRNA %% AF R
FH 33 27 55 ST 2 ok 3R B e 20 (RT-qPCR) VA£G D
JHF 20 21 40 B A (IL)-18. 1L-6 . I 938 3K 38 [H 7
(TNF)-a mRNA Fik 7K. B-80 CHARAF /N ER
JF4L2, UL TRIzol VA 2 U ZH 4L RNA, DA 20 pL ik
FARHE Evo M-MLV J5z % 5% i iR 703500 &5 6 B 54
RNA ¥ % 5% i cDNA, 2 B 55 1 : 37 ‘C . 15 min,
85 C .5 s, M SYBR Green Pro Taq HS i ik %!
qPCR {0 & UL B 5 i AT 9 38, RO 45 1F: 95 °C..
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305,95 °C.5s,60 'C.30 s, 40 NMEH ., ¥ #5149
M VN S o P AR RN A BR 2 w6 i, P8
WL 1. B im i Melt i £6 84750 H7 , I H B-actin
TERNZ . WA T 3IRERE P 3 45 dox H
Cefiz B 222 N it IH — 1k

x1 31457

S 51491 g{i‘
- Ei#:5-GAGACCTTCAACACCCCAGC-3 20
fractin T ¥%:5'-ATGTCACGCACGATTTCCC-3' 19
118 3% :5'-GCTTCAGGCAGGCAGTATCA-3' 20
FiF:5'-TGCAGTTGTCTAATGGGAACG-3' 21

s F¥%:5'-AAATGATGGATGCTACCAAACTG-3' 23
T :5'-CTCTGGCTTTGTCTTTCTTGTTATC-3' 25

NP LUF:5-CCCTCCAGAAAAGACACCATG-Y' 21
T ¥#:5'-CACCCCGAAGTTCAGTAGACAG-3' 22

T :B-actin N B-WLEH&E AL, IL-18 0 AN A Z-18 2E X, IL-6
AN -6 L, TNF-a J MG IR BE R - FE
1.4.7  Western blot 3% £ 3| Ff 41 2% Foxm1,p65 ,p-p65
Fik RHCE AR 4121 20 mg, 7K B2 )E 72
AEPERGE H . R 2R (BCA ) IR T H A
SER A _EREGE M 95 CHIF 10 min PEITHE 748
PEo AR AR AT LUK R B A S A —
Pt Foxm1(1:1 000) .p65(1:1 000) p-p65(1:1000)
i B-actin(1:20 000) ,4 CHEE LR VRIS i AXF
N ARJE I =BT (1:50 000) , HIRIFE 1 he FBATVER
Ja R TR R A KOG (ECL) 2081 P BT
A B AG , H1 FH Tmage] BRAF X K AR R4 T
et #r -
148 HFHUFHNZERFILE XA BRI
QWZG 1= 71 1t 21 /1N U 20 SR A7 7 s 2 270 7
B 4 ADFEAR R BUF 2L U RNA J , 2R JH Oligo (dT)
HETR B M AT polyA R AU mRNA, - FH B 74T Wik
B H A Bk 229300 bp, DA RNA A8t , i o il
FLT | P 35 e S il SOWUBE ¢ DNA . i i 447 2R i
B3 N4k T PCR Y38 W 4R SO | S 240 e 4R 45
K 2 450 bp 1 SCPE B B . A Agilent
Bioanalyzer X 3 g i 47 ot £ K 00, I AR 4 A 2l
5 HFrEE 5 B AN ] Index A5 (4 SCPE 34 EE TR
B R A L BRZOR I AT ER (NGS) ,
FF Mumina 77 7, %] 3% 26 3 471 UK ity
(PE) W7, 7 TAE i ¥ IR AR B A7 FR 2
A 58 i, I il A IR AR i A =P = (https://www.
genescloud. en/) #F 17 5t # 5& (A 5 56 (A 41 04 )

(KEGG) & 541 #T .

1.5 %% R SPSS 15.0 8R40 M 52 50 4L
Pito TR ORI s RO . B SEX BE AT IEAS
K 56 ( Shapiro-Wilk A 56 ) Fl 75 22 57 PE KL 56 ( Levene £
B) o T R RS A HL 25 57 iR, 2 41 1]
oA R F B 38 5 2243 H1 (One-way ANOVA) , 4[]
PO LR e R o 0 T 08 AN W 2 1E S A HL
T5 2ZAN55 (Levene ¥ 16 P<0.001) , 22 21 [8] Fh i %
Kruskal-Wallis HAE S50k 50 . #A Bk Z R A 50T
2 X, i — 202k ] Dunn-Bonferroni 5 5 45 #£47
I HL A, K6 36 7K #E =0.05, P<0.05 A Ry 22 5% B A
GiiterE Lo

2 #R

2.1 QWZG & &/ A MASH % A

211 MANRBEFREE HRE FEILBZrE B
RV ST Ji , SR /)N BRI AR BRI 25 18 O, Bt &2
R AT 1, R, A GEE R L X B2 /N B
WEB A 2T, Sh S, SR , BT R4k, S5
RUZAAR LY, QWZG AR L v | g 700k 28 JHF O 230 €23 T K
82, RS ok T LR, Kb QWZG &
FIE AR o . O 1 BRI/ B i
B WA BN HR 20 1 238 i (P<0.001) 5 SR 2
FLE, QWZG m i 77 o 41 /)N BRAR o o Bl 3 A1 (P<
0.05) o WAk, 255 1 2H 35 B 2 AT o o S A
F (P<0.05) , H QWZG 5 771 #4336 5 30U B hy 98 1
(P<0.001) . Z& L ,QWZG 7] i 3 k3% MASH FE1 /N
SR A i I AR L. LR 2,

212 X/NRE A EEATC. TG A F oy %
BV /I BT AT CALT AST) LI (TC . TG) K-
BN IR A 41 2 T (P<0.001) , $ R IFI 5 540
WEREL. SRR HE, QWZG il a fE
B AR I3 ALT . AST /K (P<0.05) . QWZG & 5 HF
20 HAG 3 AR AL TC AIAEH (P<0.05) 5 1M H i
FHE L TG /K34 00 (2 [9] 95 (P<0.05) . WL 2.

213 QWZGHEFARIEH LR AKEL M
HLAUHE Y0 i R (F 2A) BRI /N RATF R 854 3%
L, I H 20 2 0 S A ACBR A AR R IR AR . 48
QWZG T T , 45 577 f 20 L iR s BRI 175 34 S 79 4k
FAPEIR o E— 20 SR FH R DI G 8 B T4 (NAS) &R
GV g A T BRI S M R AR R/t g 5
E X 3 %O BRERAE o &l 2B TR, A58 4 A
NAS P43 3 2 T B4 (P<0.001) , 1] QWZG &
7, LHE QWZG = i 4, BEAS W 2 FEIR NAS
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xR
—_—

T

sessan T

QWZGE5 &4

QWZGH 7 4

S

QWZG s 7l 4

1 QWZG H-LRARIF 7 o

1 Al BT IE KARTG &
R2 BW)FARRE R T TR E o A IE AR (n=8 ,x+s)

215 JiT /g ENpie /S A ALT/(U/L) AST/(U/L) TC/(mmol/L) TG/(mmol/L)
pogitiih 1.59+0.12 31.04%1.45 0.05120.004 46.19+11.06 73.63+17.77 253+0.23  0.94+0.13
HEARIZH 2.48+0.62"" 42.4043.63™"  0.058+0.009 125.68+47.37" 187.45+48.44™ 5.58+1.03""  1.28+0.24™"
QWZGLHIELA  2.01x0.26° 40.45+1.86 0.050+0.0024% 100.45+38.09* 166.90+29.47% 5.27+0.55 1.10£0.13
QWZGHFIEA  2.00£0.43° 39.85+2.39%  0.050+0.009% 69.55+46.1754% 136.52+56.552 2" 5.03+0.54 1.04+0.23%
QWZGHAIERA  1.68£0.15%4%  39.41£1.94%  0.043£0.003°4%  49.71+16.47°%%  56.80+5.82°4% 4.86+0.26°  1.01x0.19%%

TE: ALT N AR LR 1l , AST S KA R IR A SRR B, TC g MU B, TG S Hih =5, QWZG L WRAR T 7 o 90 BRAL L &L, P

<0.001; SHHILH L4T, AP<0.05, A AP<0.01, A A AP<0.001;5QWZG

P43 (P<0.05) , 3X AL 214 0F 43 ff i % WAIE 58 T
QWZG X MASH AU BRSO s/ E . IF4H 2
TC.TG LA KM ZL O G4 (4, [A] 20§ 7R 45 5 2 19 QWZG
] B 2> MASH /N BRUFF 41 2305 it 32 R (P<
0.05), W& 2A .C.D.E,

2.1.4  QWZG 1 #| e B v 28 J 32 F4/80 Bk
ARG (8 7 BRI INE P A AR ) ) 2
R, R FU RAE R . S, QWZG
IR I 20 F4/80 AR XS FH A T AR /D (P<0.01) , {BATS T
T JRy b R 4 5 QWZG Hr 7 2t 41 F4/80 AH X BH 4 1
FRE— 20870 (P<0.001) , 43 i ¥ T H6  ; QWZG
T 5 2L JHF 2H 2 rh F4/80 AR BH M 1 ARt 20k /D (P<
0.001) . 455HFH, QWZG AT 71| 1 4 41 P H 41 1
MASH /I BRI [ W3 41 R 332 3, o4 3288 i I 2% ol A6
5. WLE2A F,

2.1.5 QWZG H % MASH /MR F A 4 b SRITRIR
BTG PP L SR TR TR Ol . AnI&l 2A IR
X BEZH /)N BRUFF 2 ZUALHE 1 A8 T Bl AT L /0 it £F
Yk FEALZ /N R4 20 B0 30 35 0 I SR AR, T B
Y 5k ) 21 4[] B (P<0.001) o SREBIZH AR, QWZG
% v R e e R TR e AR B A (P<
0.001), EFIEAKFPE G, TR LK 26,

22 A THFAF Ik QWZG K& MASH #) % £
e b B QWZG BY/EHIBLE, FATTHE X B2
AL L RN QWZG 1 77 it 21 /)N BRI AL 20 47 2 i

BRI LR, #P<0.05 , ##P<0.01 , ###P<0.001 ,

2 P 538, E LS5 (PCA) SR, 3 HFEAA
WX TR X S, WK 3A, 225Kkt
Y 8 P A A SR R < 50 IR N BRU E T
JIEZH A B, A A2 /N BRURF L 201 784 AN SE Y
SR FRIN (R 2200, N 56440 . T QWZG T
T T Hod 1 574 SRR A SRR, Heg K
ZH(1 308 ) KHHN T WK 3B, #t—H A
£ 3 H1, & I 800 > 3k Al J& MASH 53 3R ik H 8k
QWZG Lt [m] [l B A% Lo BB AR (P<0.05, log,FC>1) o W,
K 3C, Horb BRI Foxml Atf3  Erg2 . Ly6d } Relb
SRR B B L4 QWZG A S FA 4 W T
P WA 4, IRSE AR IRk S R AT BE R QWZG
IGYT MASH W EL S . 82 KEGG & 4 43 P i 1t
HF 20 B R - 2 B TR 32 R S A5 5 NF-kB {55
B A2 S AE S5 MR BRI A S . LI 5

2.3 QWZG F # Foxm1 49 4] NF-«B i@ % ] 5 45
AR, Foxm1 A QWZG T A I B Ay K Z —, H
Foxm1 "z 2 5 JNE 8 B 5, FoATRF I — 3 A5 i
1TH0IE . Western blot 455 /R, LA ZH /N FRUHE
H Foxm1 £ 1 2% 38 7K 38 6 B4 T 57 2.6 % (P<
0.001) , QWZG 1 it iT B & [% 1K Foxm1 & 1 7K *F
(Kl 6A.B), il 7% —8., SibRIm, AT
T NF-«B i B9 G+ B 6A C 25 R i
AUZH 1 p65 B BERR 7K T (p-p65/p65) i 3 Tt i (P<
0.001) , 17 QWZG T 1 AT B#AIK p65 B R fL /K - (P<
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