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B E B AT -7 K5 § X7 A HKMA8 K I s AT % (MAFLD) 6 B E4F 8 . ik A2 C5TBL/6T s oA
ZE(9 R ) Fesk B4 (4T R ), H P 20 ) R oA 3 I8 AR IR 12 B DA MAFLD AS ) | 5 45 R 80 MM A AR 40 e
AT B AR[ = F AUIK, 0.2 g/(kg-d) A= B B Ak P & A F40[6.17.12.34.24.68 g/(kg-d) , A £ 25 3H], HH9 R, &4 RAEK
BHAE RN AEERIR,FELEAE, KRS DG, R &L RAARE TR R B BT IR 35 20, A 30 o) e (7 2B 4% R B |
RARBRFERH) ofg (B 2B B M =88 REEREGREEE SEEREORER) KRB FLEF o a@mei%6
(IL-6) JIL-1B] AL 5 ik (7 — B¢ A8 B A BALER Sk Ik ALy B ) B i B 15 [ B % 45 (LPS) \ =M 8 ALEE \D-3LBR |48 % 45
AR LR T A LR B R A s b R B R G [ A 1(ZO-1)  H 4% & (occludin) | A= 2842 4 Big F X34t
[ B B3 8§ U425 6% & 1(SREBP-1) I Iy B2 6B (FASN) i S AL 4 B 4R 38 78 40 30 % 2 4k o (PPAR«) ] K JE 38 35 [ Toll #£ 2 4k 4
(TLR4) . % & 5 A1 % B 5% & 88(MyDS8S8) . 4% I F kB p65(NF-kB pb65) 48 5% & & 69 &k H oL, - o 47 E 0 8 B 2 T AL L,
£R HaAmbat, § X5 &M T SFALRNE T fe X m B R, A E(ERRE 16 8) TR S AR AT
hae g K IE R R B B A BT AR K 354739 8 7 & (P<<0.05) ; AT 2822 ' SREBP-1,FASN , TLR4 . MyD88 & & #4 & ik fo
NF-«B p65 & & 69 B i ALK 34 -3 A3 TR (P<0.05) , & 2828 ¥ ZO-1,occludin & & F= I 21 £ ¥ PPARa & & 9 & ik 34 4
% 7% & LR (P<0.05), BHAAMARIL, § 2057 & 5 2 400 R M8 8 89 Observed species,Chaol Ace #5403 2 % &+ (P<
0.05), AE MBI [T XL HBF ARG FEBHENG ZEB G E R EAFEEF ARG F RS B HEK
(P<0.05), Zit B X% T % & MAFLD, 240 7T #e 5 8 %5 17 i W BF 15 S i MUs Bk I8 s, LPS 4, it v 49 %) TLR4/
MyD88/NF-kB ¥ Jz i@ % #2282, 5718 SREBP-1/FASN 5 PPAR« 4~ 49 Bg LR A 5%

KR F X7 AR K T % 5 M-I 4 s iR A AR B BEIRE 5 S X ; TLR4/MyD88/NF-kB 45 5 i@ %4 ; SREBP-1/FASN
155 % ; PPARa 12 5 i@ %

Ameliorative effect of Weiling decoction on metabolic associated fatty liver disease based on the gut-liver axis
CUI Beilei'"*, SONG Yijia"*, GUAN Yajie""*, ZHANG Qizhen'*, WU Wenjing"?, XU Junjiao"*, LIU Minghao'*
(1. Dept. of Gastroenterology, Hepatology and Biliary Diseases, The First Affiliated Hospital of Henan
University of Chinese Medicine, Zhengzhou 450003, China; 2. The First Clinical Medical College, Henan
University of Chinese Medicine, Zhengzhou 450046, China)

ABSTRACT OBJECTIVE To investigate the ameliorative effect of Weiling decoction on metabolic associated fatty liver disease
(MAFLD) based on the gut-liver axis theoryy METHODS Male C57BL/6J mice were divided into a blank group (n=9) and a
modeling group (n=47). The modeling group was fed a high-fat diet for 12 weeks to establish the MAFLD model. Forty-five modeled
mice were randomly divided into a model group, a positive control group [metformin, 0.2 g/(kg+d)], and Weiling decoction low-,
medium-, and high-dose groups [6.17, 12.34, 24.68 g/(kg-d), calculated as crude drug], with 9 mice in each group. Mice in each
group received intragastric administration of the corresponding drug solution or normal saline once daily for 4 consecutive weeks.
After the last administration, the body weight, liver weight, and liver index were compared among groups; the levels of liver
function indicators (alanine transaminase, aspartate transaminase) , lipid indicators (total cholesterol, triglycerides, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol) , inflammatory indicators [tumor necrosis factor-a, interleukin-6 (IL-

6) , IL-1B], oxidative stress indicators (malondialdehyde,
AEETIE MR AAREREEIH (No.82575010) 5 i H #4452

FHECHIF R Tl B A B 8391 H (No.242301420096) 5 Vi B 44 T4 %
IR R R 24 AR T ORI L 391 (No0.2023ZXZX 1162) o . A
% B—EE WIS . BRSCOT I B 26 A S A D-lactic acid] were measured; hepatic pathological changes

superoxide dismutase, glutathione peroxidase), and intestinal

barrier indicators [lipopolysaccharide (LPS), diamine oxidase,

E-mail: 1412739387@qq.com were observed; the expressions of tight junction proteins
#BIEIEE 22 ST, WIS ITI « h E 25Ba AL [zonula occludens-1 (ZO-1) , occludin] in jejunal tissue and
E-mail: liumh015@163.com proteins related to lipid metabolism [sterol regulatory element-

FPEZG 2026 4F5 37 455 19 China Pharmacy 2026 Vol. 37 No.19 -« 2501 +



binding protein-1 (SREBP-1) , fatty acid synthase (FASN) , peroxisome proliferator-activated receptor o (PPARa)] and
inflammatory pathways [Toll-like receptor 4 (TLR4), myeloid differentiation primary response protein 88 (MyD88), nuclear factor-
kB p65 (NF-kB p65)] in liver tissue were detected; and changes in gut microbiota were analyzed. RESULTS Compared with the
model group, hepatic steatosis and inflammatory injury were significantly alleviated in all Weiling decoction dose groups; body
weight (at week 16) , liver weight, liver index, and the levels of liver function indicators, lipid indicators, inflammation
indicators, oxidative stress indicators, and intestinal barrier indicators were all generally improved (P<<0.05). The expressions of
SREBP-1, FASN, TLR4, and MyD88 and the phosphorylation level of NF-kB p65 in liver tissue were generally decreased or
downregulated (P<<0.05), while the expressions of ZO-1 and occludin in jejunal tissue and PPAR« in liver tissue were generally
increased or upregulated (P<C0.05). Compared with the model group, the Observed species, Chaol, and Ace indices of gut
microbiota in the Weiling decoction high-dose group were significantly increased (P<<0.05), and the relative abundances of
Verrucomicrobiota, Akkermansia, etc. were significantly increased, while those of Actinomycetota, Alistipes, Faecalibaculum, etc.
were significantly decreased (P<<0.05). CONCLUSIONS Weiling decoction can ameliorate MAFLD, and its effect may be
associated with regulating gut microbiota, repairing the intestinal mechanical barrier, reducing LPS translocation, thereby inhibiting
the TLR4/MyD88/NF-kB inflammatory pathway, alleviating oxidative stress, and regulating SREBP-1/FASN and PPARa-mediated
lipid metabolism.

KEYWORDS Weiling decoction; metabolic associated fatty liver disease; gut-liver axis; gut microbiota; intestinal barrier; lipid

metabolism; TLR4/MyD88/NF-kB signaling pathway; SREBP-1/FASN signaling axis; PPAR« signaling pathway

X155 A0 5C B W7 P T 9% (metabolic associated fatty
liver disease, MAFLD ) &4~ BR i UL A4 12 P fiF ol =2 — , 78
FR I3 T A AT ) B SR 24 28.77%" . MAFLD
RV B g 5y ZZAHT e B EEE PN BT R 1 R T T
AR A H R 2 RIOBE PRI O I A5 A
g™ H AT, % — 23097 VAR TE O T AR A
FFREZE A B 3, H 3 K AR 1 R A2 5 Resmeti-
rom 3557 U 25 W AEAE K AR 25 AN BH A AR 4E ™ o
I REAN A A5 RE A 25 B50HiR e = 1l R iz FH Jg PR
R, PR A RUIR YT RIS ATS 2 2 iy E PR

FHEEIN , MAFLD J& “ " FRER " A5 , LALKE
MG R MU BH I AR L% O o B 2708 A PHE G
), AR JRAS R A 9 Wk 2540 5 T AL, HARRE
i ATRAE R Z R IR %7 e
B3 MAFLD 835 1l RAAE AR | i A i A A2 2 RE
FERBAFFEUE S, HnT s B 1 i E | DR S R IR R
Jo 18 5 B 3 W P T TRTRE L e A A AT
PR HAE R AT RE 59875 -l s B SR A G,
28 A PAE TN | 1207 ] R o R 95 IR 2R 1 p5S3 L I AN
41 % 6 (interleukin-6, IL-6 ) M IJ83 YR FE [F F o (tumor ne-
crosis factor-alpha, TNF-o ) 2540 5, K AEHTR S JH IR T
REHAOVE R, NI MAFLD™ , {245 5 v Jg@ 1], H.
FEFE 1 W- T B RPN . ] UL ST DR Ay
TP I B - ISk 1 B 18 AUTE IR 2R, (H R L -
R A EE B S 55 0% MAFLD IPE

“ - Bl BN R 3B B B T RE R AT A AR S
KA AE MAFLD B B ot BRrp 2 X HE . MRk &
(high-fat diet, HFD) ] 52l 18 17 4 2% I i 2o 53 35
P40, {d s 2 8% (lipopolysaccharide , LPS ) 25 iz PR M A
FEW 2T K O 2R 0T T IE Toll B 27 {4 4
(Toll-like receptor 4, TLR4) , Y 1M/ S£46 2 b1 2 )
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R #E 1 88 (myeloid differentiation primary response pro-
tein 88, MyDS88) , i# iif #% A T kB (nuclear factor-kappa
B, NF-«B )it 1, Jii 24 58 PR32 i , Jonn ) A Ji 22
SRIEA™, Pt 1852 M 1 5 B 5 9 35 i 3 T A T
AE AR Y MAFLD B9 R0k 4e . HE T Ik, A5 L
HFD i 51 MAFLD /RO 8, 255 70 5 A2 o A
15168 rRNA M , I “Ji- Tl £ FE AR B 25 1 8 1
A TR R R A A S A VR T, D% 4 i
PR BRI AR A SRR .

1w
1.1 FENUE

AWFFE BT B A 4G RM2235 B 5] 4L
(f# [ Leica 2 ] ) , KD-P AU ZH 41 Fr AL (4 AT Al AL
PSRN F]) , TB-718 BUZH 4L HEAL . CM 1850 &I pK
ZRU) R AL AL R e R S0 A BR A A ) , AE2000 2 £5]
B R (3 e B S AR A R R, IX73 AU{5] B 5¢
6 3 ( H 4 Olympus 23 7)) , Infinite 200 PRO AU b
XA 15 (i) SEEG 38 A4 A7 BR S F]], BVE-4 U3 E HL jk
X . BVT-4 FU#E EIHL PR . SPW-DM %4 Ha vk it 5 (57 %
AR AT IR A\ 4
1.2 FEH@RSRF

ERSE WL Pk y Ga e v NN | N N S P NIRE S N
A IRE HEA L OH R (HE S 4 B O 20241032,
20241042, 20241021, 20241086, 20241074, 20241127
20241093 .20241045.20241069 ) ¥4 H 1] 15 2 24 K244
— i = e v 2 At | 202 B N R AR 0 DX X1 i
R EAT P RIS S B

R — WUz ¥ R (98 b it 5t 52 ) 25 A BR 2
AL 415 20241028, Kk 0.5 g) FHT Fg Fp B2 24 R — it
Ja = e PG 24 D F it 5 49% 22 5 F BV TR (Fik-%5 DF0135) 11
A AL AR AE YR AR FRA ] IRAKE - (HE ) AL
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O Y (it & (L5 23501 G1120.G1261) ¥ 1 b 52
FIRERHE A BRA A N AR T 24 1 (alanine transami-
nase, ALT) . K & % IR % 4 B (aspartate transaminase,
AST) . H i =K (triglycerides, TG) . & JIH & i (total cho-
lesterol, TC) % %% & A5 85 11 JIH [ 552 (low-density lipopro-
tein cholesterol, LDL-C) . {7 % Ji Jig & 11 A [ B (high-
density lipoprotein cholesterol, HDL-C) | Al —. ¥ (malon-
dialdehyde, MDA) . i A 1k #1 157 £k i (superoxide dis-
mutase, SOD) . 2 Bt H ki 22 (b W ( glutathione peroxi-
dase , GSH-Px) a3 & (41t 57351 2y C009-2-1,C010-2-1
A110-1-1, A111-1-1, A113-1-1., Al1l12-1-1, A003-1-2.
A001-2-2 ,A005-1-2) 340 FI g 5 £ A ) TR i 5
TNF-a IL-6  IL-1@ i 1055 & (44t 75 5351 24 KE10002 |
KE10007 . KE10003) X5 g F b T I A1 1 5 AR AT R 2>
H 5 LPS i & (5 YPIV1222) W [ AT ER AL 5 A= 9
B A RN 7] s eS8 AL (diamine oxidase, DAO) . D-
FLIZ (D-lactic acid, D-LA) i3 & (414543 51 Ky 202208
202207) ¥ A VLIR AR A= D) RHATBR A 7] s BCA F
E IR G (5 POOL1) W I i3 = RAEYHOR B
A7 BR A w5 St [ B 15 ook 45 & B 1 1 (sterol regula-
tory element-binding protein-1, SREBP-1) £ v Bk (4t
3 YT6055) I [ 3% [ ImmunoWay 23 7 5 BLHT TLR4 32
S AL W it A 338 B W) 500 SZ K o (peroxisome proliferator-
activated receptor o, PPARa) FL g BEPUIA , St [ B/ IVily
1 (zonula occludens-1, ZO-1) | 414 % H (occludin) £ 74,
REHTIR, B I AL P (HRP) Fric i L 280 e L Ll 2
PR Bk 1 G (H+L) — 5t (573 51y 66826-1-Ig |
66350-1-Ig, 21773-1-AP. 27260-1-AP., SA00001-2,
SA00001-1) F0a F i = J8 A= Wy E AR AT BRA ] 5 Bt
NF-kB p65 J.5E BEHUAAR | o BT w5 R L NF-«B p65 (phos-
phorylated NF-kB p65, p-NF-kB p65) ¥ v AT AR Fil G Bt
MyD88 . i [Ili #i2 & il (fatty acid synthase, FASN) | H i
i -3- 1% R Wi &L (GAPDH) 22 i B Bt i (k5 43 1) 4
BF8005,BF3001 ,AF5195 DF6106 , AF7021) 314 (4 Y195
RV PO A RRAF
1.3 LI EhY R R

SPF Ik C57TBL/6) /N, 6~7 JH % , K H 18~22
g, FHWTVL AR R L S50 S R A PR st A =1
Al HIE 5 S SCXK ( #F ) 2020-0002. = g 47 &L (it &
2509011906, 7% 60% A5 7 it A€ ) K ¥ 18 47 B (4L 5
2509011802) ¥ [ 117548 WhIm] B 25 4= 9 T84 PR 54T
o). A /NI SR T SPF RS BREAEE IR (22 + 1)°C,
AR BE 409%~50%, & 12 h IR OEER], H & ik
K, I TSI ATAE AR IR SR 1R ARSIy R i A i
B PR AR WA 5% e S 90 sh ) 1 22 B 2 v A% [ AL
B ZM(f£)202510010].
2 FiE
2.1 ZHmeHlE

AR JEAS FREE R TS B AR HEAL
SRR (Rt 12:6:6:12:10:10:10:10:6) , R4,
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T 10 4% B 7K 32 30 60 min, K U Wb I % /N KRR 30
min, =58 ; 25780 8 f5 1K, /N K BRI 60 min, 1198 ; 5 IF
PR UETR , BEE 78 R e o “FATHRAE 303, 4 BAS i ik
BEAR 914 0.62.1.23.2.47 g/mL (¥4 25 3 ) O 250, 1ot
VIS4 T4 °C FARAE, 45 .

R R — H XU 1 10 F, T LA, 54,
W B FRE B e, LK, Hil A5 B2 >4 50 mmol/L i
U, L UE SR A EE T4 CC R RATE & . IR T, LAE
PHER K H B TR
22 EE HHE5%RYH%

56 HU/NRBEYL 7S AL (CAL,9 H) Fl i
(47 H) o A2 /IR DA s i e Bk R 12 JR s B AL
P52 HFRIE LA, BUH AT 241 2050047 HE Y2 (0 DL Pl i A
T A P20 2 /R B At g A A8 1 g 7 2 1
A 5 B> 30% , 40 LT N AT DL R /INAS — B [RE g 25
T, AT 10 —) |, /N PR S RE 4 s i A% -4
LA IRAEEAS , A 5 MAFLD RSk 2 2™

H T AR L /N BRBEAIL 53 AR 20 (HFD 24) | PR
X BEZH [Pos 2H , — HI XWUAK 0.2 g/(kg-d) LA K B 2= %1% .
o K & 20 [WLD-L, WLD-M, WLD-H 4 , § %%
6.17.12.34.24.68 g/(kg-d) , # =25 11], B I H . &
252N BB R THE 18 FE I 259 1Yk, C 41 R HFD 21 /NS
BERVE H ARARBUEBIER K 1R, L4

B 2R R B 0T B (60 kg) I R H H H
ek 82 g(# 2531 ) , B 1.37 g/(kg-d) s iR 5 A5/
BRI 3 10 BRI B R 8 (9.0 ) B, /N RS 3k 1 2 o
12.34 g/(kg-d) , WKL B R s o Rt )it i 172
24543 IR B I HE[6.17.24.68 g/(kg+d)]. —HIXL
DIt AR A B AR 8 FH 300 4 (1.0~2.0 g/d) , [RliE 3058
13/ B AFRIGR
2.3 HARE

SRS R A 2 R N BUAREE LR, RKIREAZY
& BN AR B AR IK 24 b, W BE L RS (ERE AR
LA IRG T —80 °C N -1F, T 16S rRNA H:[A il
¥ o FRaE/NEUARTE G , DI I 5T 19% 13 T b 224tk I
JPR I, 22 HRAE 8 Ik A\ SR I, 3500 I 40 5 1L , T —80 °C
TRAE T IF DI BESE M SCHR bkl . BEJS , b B4 41
JINER BCHL I E IRk o, 15 RS 2 OFFAEHE 4 =
JHERIE o5 /A B X 100% ) 5 BUFZE 2120, 8 F 4% 2 3
i v i, PR A AW U K zs in2i 4, 4
WA G T —80 °C N RAF, I TG I FRaA kI
2.4 INERBTINEE MRS HRAE AL R UK B7iE B R A 55
Eitononl

HR“2.37 300 45 41 /)N B 775 B RN R A7 1 2L 20
A FA A G U A R R A H Bh AR A S BTk
0 1L 75w HT S BEFE AR (ALT . AST) X Ifil fE 5 #5 (TC .
TG .LDL-C .HDL-C) 7K~ , 2R FH A {SORG I 1l 355 H 2 4
[+ (TNF-ou  IL-6 . IL-1B) . 7 i Bt 52 75 b1 (LPS .\ DAO
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D-LA) /K LA KA L rp S8 AL IV 46 A7 (MDA . SOD
GSH-Px) /K-,
25 INRFTALARIEZERENE

B2.37 0T 4% 20 /N BR[O 24008 o, 2800 B
CBEAK  ZHREW] A E ) R (JE294 wm) ,
Foe g o3RRG U0 45 05 134T HE L €8, Pt H 0 i
WA LUE S . I HL 237 TR £ 41/ FRU 28 [
FE A 28 &, DL OCT W F a3 f5 Ul i (JE 29 10
pm) , F 30 & U] I R T AL O YL £, A Gk
B ST 2R D URUE I
26 MRZEHARPEZEREAMIFALATERK
1§ K IE 1 B HE X B B RIAET

B2, 37N 45 /R (B2 3 H) R AF I 25 i 40
ZIFITFAZL, A RIPA ZERB B U 11, JFR T BCA
PoEa . BUEHIE G, 8 PR IR S AT b e B R
B - 2R TR A T Y 5 S P UK 8, I AR e 1 5 2 SR Al —
OGN T, 5% IR WA T2 R P E M1 1 h VEiRS
T S % 4456 11 (ZO-1 occludin) I i A A G2 1
(FASN,SREBP-1) 5 it S AL #H 5G4 F1 (PPAR«) | A IE
18 M A ¢ 2 1 (TLR4, MyD88 ., p-NF- kB p65. NF- kB
p65) .GAPDH —4t (Fi B& L7122 1:2 000) , T4 °C T
BRGSO, — 3t (R L5344 1:10 000) ,
TEIRTIE 1 h VRS S ECLAL = A0t i |
BAR o AT Image) 43 M 8 1 A5 K BE AL, L B 4R
FI5 N2 H (GAPDH) B9 2571 JK FE A HU(H AR H B0
F AT 26355, A p-NF-kB p65 5 NF-kB p65 YA X}
F3h 5 H Al 2678 NF-kB p65 % [ I BE MR 1L K V-, 45
VL CHNZ A TId—fhAb B
2.7 INREZEREBEMST

J“2.3” WU R C 41 \HFD 4 \WLD-H 41 (A4 45 254
T FUBCR R FE) /N B ZEM AL A, 52 M, afi 1k H 5
DNA, %} H: 168 rRNA % K V3+V4 5 48 X (IE [ 51 9
338F:5'-ACTCCTACGGGAGGCAGCAG-3' ; I [n5|4¥)
806R :5'-GGACTACHVGGGTWTCTAT-3" ) {7 B4 il
RN (PCR)Y . BUITH PCR 74 M A= 2
FEEI R SCPE , 78 Tllumina NovaSeq °F- &5 F T AR
i W o B A5 DGR T P R 28 R e PR S L
Uparse 5 LA 97% A8 AU P 2 47 #7325 . 5T (opera-
tional taxonomic unit, OTU) Z &, i i QIIME2 - & #f
1T o ZFE1: 43 B (Observed species . Chaol , Ace . Good’ s
coverage 8 %0) 5 B Z FE 14 43 1 [ 3= A FR 3 #7 (principal
coordinate analysis, PCoA) . A i & 22 4k R & 731 (non-
metric multidimensional scaling, NMDS)]. & | RDP
Classifier B xF OTU R F A #EAT 70 F 2 B, T 7E
U1 JE AR THE I 20 B3 AT < LAAEDS = B2 R ) i 26 ok
DG B , 07 LA T =F B2 HE T2 A LB 5 R FH Ak
F1 53] 43 M1 480 5 (linear discriminant analysis effect size,
LEfSe) 43 #7 , LAt 1 5143 M7 (linear discriminant analy-
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sis, LDA) W AR > 3.5 . P<<0.05 J "™, e 24 i) 24
AR PR R
2.8 FitFEFHIE

% JH GraphPad Prism 10.4.1 & SPSS 27.0 %k {4 % %k
PEHEATEEH 34T . SR FH Shapiro-Wilk 4656 % - ok
FFIEASHERGSS , R Levene K36 A7 5 22 57 MGG . 4%
BIERBAR B X +5 3275, T, 2400 ik
SRR R Ty 22508, E— 25 P EL R LSD- K 50 5
J5 2RI, Z 20 1A LR F Welch 75 22054, 250
W HEA R H Dunnett’s Tok6i 56 . AT A IES 2041 080
VA M( Py, Prs) 3R , Z2 240 8] LE 3R Kruskal-Wallis H £
4%, E—2E W AR F Dunn-Bonferroni #6465, 6 467K
HEa=0.05,
3 H£ER
3.1 B3 MAFLD /MNREE B RE R TAEFS 5
A

5 C A H, HFD 41/ U M o (S50 55 16 8 T
JUE 5 o JHE I B0 25 R (P<<0.05) . 5 HFD 4148
It., Pos ZH #1 WLD-M . WLD-H 2H /)N U IR I (5256465 16
JE) PRI S R B AIEH B ) (B R AIK (P<<0.05) . 4%
LA 1,

507

!
10 - = L

-
it KNp »o
20 30 T b g
= '. PR e ® .V
® 201/: oV

10 1

IS $0%

I I m v v v
BT
I .C41; 11 :HFD4H; I : Pos#H ; IV : WLD-LZH ; V : WLD-M#H ; VI«
WLD-H#H ;a: 5CHAH L, P<<0.05;b: SHFEDH A I, P<0.05,

1 BENRHEE FFRERERFEEHLER (x+

s,n=9)

I I I N VW
C. PSS %L

3.2 BZEiZx MAFLD /MNRATINEE MRS . A AE . R AL
HUR 718 R FE AR X AR A R0

(1) M3 P fe 5 s de s . 5 C AL, HFD 4H/)N
B h ALT . AST.TC.TG.LDL-C /K- i & T+ 55 , ifii
HDL-C /K- 5 ZFEAK (P<<0.05) ., 5 HFD ZHAH L , %% 24
Yr4H /N BT 5 ALT . AST . TC .\ TG .LDL-C /K- (WLD-
L 41#Y TG, LDL-C B 41 ) ¥ & 3 P& K% , 1 HDL-C 7K
(WLD-L ZHBRAM ¥ 5 2 75 (P<<0.05) . 53R IR 1,
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R1 BZEizmX MAFLD /MR I iERFTh 6 K M AE f5FR7K
FERRME (xts,n=9)

£3 BZEiZXI MAFLD /MR 5718 REIh8EFEFRK
TRy (x+s,n=9)

w5 ALT/ AST/ TC/ TG/ LDL-C/ HDL-C/
(UL) (UL) (mmoll)  (mmoll)  (mmolL)  (mmolL)
4 4531193 76441265 406010012 0861002 0401005  125£0.09
HFD4 82441299 163.00£453% 6431008  155+0.03 0761005  0.75£0.07
Pos4l 45085173 10020317 4281021 1362005 0.64+006"  1.09+0.09°
WLD-LAL  7866£290° 1553014200 624+0.04°  147£005  071+008  0.8040.08
WLD-M#4l  6445£2.67 13290£4.69° 5021008  144£0.12°  0.66+006°  0.89£0.09°
WLD-H4L 49401267 109001455 4412007 1401013 0641005 0.98£0.08°
F 521.000 619.600 461.400 89.970 37.990 46.560
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

a: SCHIA L, P<<0.05;b: SHFDZHAH Y, P<0.05,

(2) ML 98 E B HFIE AL R 36 A5« 5 C A L,
HFD 241 /]y B ifi 7 o TNF-o IL-6 . IL-1B 7K - K2 i 2H 41
MDA K-35 8 35 T+ , 1 440 SOD . GSH-Px 7K F
0 2 AR (P<<0.05), 5 HFDZHAH L, & 2541/,
TNF-a IL-6 . IL-18 . MDA 7K F-3] i ZF# Ik, SOD .GSH-
Px /K V-4 5 3 T (P<<0.05) . 4592,

F2 BEiAXIMAFLD /MNRINFREREFIFFHELAS
1L R FERRK IR (x +5,n=9)

0l TNF-of 1L-6/ IL-1B/ MDA/ SOD/ GSH-Px/
) (pgml)  (pgmL)  (pgnLl)  (nmolimg)  (Ulmg) (Ulmg)
4l 151904645  95.67+3.02  1933+173 1512008 14240885 135.10£5.35
HFD#4 34330£8.80° 1514046.69° 32004224°  353£0.01°  89.78+845  57.33+6.10°
Pos i 188.70£5.75° 10820+3.90° 2067+1.00° 196+0.06° 121.20+424" 108.10£3.98°
WLD-L4] 285201857 137401488 282242.11°  283+020° 10040£7.16" 83.78+3.07
WLD-M4]  22930+8.16° 127301652 2400+ 1.12°  243+0.16> 103201444 85001682
WLD-H#  20880£4.68° 11190481 23.11+197  215+0.16° 11680£5.17° 101.90%5.65

F 826500 143.900 06.150 242.300 70.770 221200
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

a: HCHAM I, P<0.05;b: SHFDH AL, P<<0.05,

(3) L35 i o B Dy e b : 5 C AR L , HFD 4H/)N
UL H LPS \DAO . D-LA 7K -4 & 2 T (P<<0.05) .
5 HFD AR LY, % 25 40 /Nl i f LPS \DAO . D-LA
K- (WLD-L 4119 LPS B4k ) 34 5 R (P<<0.05) . 28
RIS,

3.3 BZi5XI MAFLD /MR AT ALRREFER SRR M

HE 45 7R, C 21/ BRUH/INrE 28548 52 8, 240 P HE
GIVEETE R UL i B VR 25 1 S AR AE 4 FfL 2 1 s HFD 2H /)N

FRUJHF2H A AT D i 5 MAFLD g BRAFAE £ 455 JH- 44 Ff P K

TrneT UNR
C. Pos#l

B. HFD4

FeR s B2 [ T+ (P<<0.05)

a LPS/(ng/mL) DA/ (pg/nL) D-LA/(pgll)
c4l 0.56+0.04 2024009 1753010
HFD4 081005 448+0.08° 6175+ 1.20°
Poséi] 062002 2884003 31144286°
WLD-L4] 0.78+0.03 391008 48211083
WLD-M# 071003 3524007 71102
WLD-HA 0.65+0.03° 306+ 0.10° 3638 +0.66°
F 67.190 11049.000 1093.000

P <0.001 <0.001 <0.001

a: 5CHM I, P<<0.05;b: SHFDZHAH L, P<<0.05,
BERIIMENR AR P25 1l BREEAS K/ N N S i 40 i 7=
11 5 5 HEFD 2 A e, 45 259 41/ B 3R P2 20 B8 15
YIRS . e O Y it —5AIESE  HFD 41/
FUHFH P AR K 2L AR U 5 HFD A LG, Pos
ZHF1 WLD-M \WLD-H 41/ ERUF 20 it P4 g i 25 v 3 B i
/0, WLD-L 41/ NI 2 et . 255 IR 2,

34 BEZXMAFLD /MREHALAHEZERER
FRFALPRERAE KIEBEEXEARIENZME

5 C4MLL, HFD /MRS g 4 ZO-1  occludin
VR 2 PPARoc B YR IA Y 25 T, F2H 21
1 SREBP-1 ,FASN , TLR4 ,MyD88 %5 {1 1Y) % ik M NF-«B
p65 £ FI B IR (L /K 739 8 3 LR sl (P<<0.05) 3 5
HFD ZHAH F, & 258 20 /B ZO-1  occludin , PPAR o 75 [
315 (WLD-L \WLD-M £ () PPAR« 25 FABRAM ) 34 8 3%
-3, SREBP-1 ,FASN , TLR4 ,MyD88 75 [1 i %5 15 M2 NF-
kB p65 & 1 W 1R 16 7K 7 34 5 25 T I s BRI (P<
0.05), Z5H L% ACR UK R AT 3 A SO 0L i A
S N AR R 1)

3.5 BE%HX MAFLD/NNR 7 EH BN

(1)OTU AW : AW HARAF A5 991 905
2% PR 1450 bp; H4RAH OTU 57145 28 Venn £
i e &% B0, C 41 \HFD 4 . WLD-H 2H /)N B AL A
WA OTU 111.,10.304 4,

(2)a ZFEMEHT . 5 C LA e, HED 41/ R B
#£AY Observed species .Chaol , Ace 54134 I FHR#AIL (P<
0.05) ; 5 HFD 20 #H Lt , WLD-H 21/ U i & B E 6 B3R
UEAh, 3 /N B TR Y

E. WLD-M 4

F. WLD-H#4

D. WLD-L#i

LT e HEMIIEEZ 1 (0 S SO AR ; (5 S P AUAR “CRRBEAS s B €05 3K« R
B2 BZEH% MAFLD /MRATALRERESHZIE(FRR 60 pm)

T2 2026 AR5 37 45 19 1

China Pharmacy 2026 Vol. 37 No. 19 + 2505 -



T4 BEZWMAFLD/NREFAAPEZFEEEH
KEFAEABERKS REBEKBEXESRIEN
®IN(x+s,n=3)

RN fraA
41 200/ ochdn/ SREBP FASN.  PPARW  TLRY  MyDSS/ pNEkBpss/
GAPDH GAPDH GAPDH GAPDH GAPDH  GAPDH  GAPDH  NFBpfs

(i} 1.00£0.07 1.00£0.04 1.00£0.06 1.00£0.05 1.00+0.07 1.00£0.07 1.00£0.10 1.00+0.06

HEDAL 0851004 0.62+0.00° 1251008 133+0.01° 0741003 146+0.09° 1441009 169+0.07

Pos?l 117£0.05° 0.99+0.08" 0.96%0.09° 0900.09° 0.95+0.13° 1.10£0.09° 0.78+0.12° 0.63+0.11°

WLD-LA 1.04+0.04° 1.0740.05° 1.00£0.08> 0.98+0.16° 076008 0.78+0.10° 1.00£0.10° 123£0.11°

WLD-M#4 1.02£0.07° 1134005 0.70£0.09° 1.05+0.09° 077005 0.79+0.10° 0865015 0.71£0.09

WLD-H4L 1.03£0.06" LISE0.04 0.89+0.07 10SE0.04 0.92+0.05° 0921014 0.67+0.13> 0.83+0.09°

F 9.306 29.810 15.010 6.783 0.684 18.700 16.260 58470

P <0001 <0001 <0001 <0001 <0001 <0001  <0.001 <0001

a: 5CHAMLL, P<0.05;b: SHFDZAAA L, P<<0.05,
Fr{iZ Good’ s coverage 15 504 K F 0.996, H.2H 8] Fb # Y
ZR TG L (P>0.05) , R P RS 780 16
BE R, gERILEES,
#x5 BZEiAX MAFLD /MNRIZEEE o SHEMEHZIE
[M(Ps,Pr) ,n=9]

Eibi] Observed species 4 Chaol #4 Acedill Good's coverage 74
c4l 354.00(347.25,359.25)  407.03(396.38,411.68)  406.56(395.44,412.27) 0996 5(0.996 5,099%8)
HFDAL  262.00(251.50,265.75)* 303.88(290.24,309.24) 303.11(292.02,305.34)* 0.9974(0.9973,0.9975)
WLD-HAL 268.50(250.75,290.75)> 325.67(302.04,336.10)° 321.09(306.19,331.13)° 0.9969(0.9966,0.9974)
H 117 12426 12813 5785

P 0.004 0.002 0.002 0.055

a: 5CZIAALL, P<<0.05;b: SHFDAIA I, P<0.05,

(3)B ZFEMES T : PCoA FINMDS 4347 (1€ 3) iR,
C#15 HFD 2/ AR o0 A 22 = W1, WLD-H 4H/)s
SRR 5500 A0 T W Z B9 ) C AU 53l 5 AR e iir 5
B2 It 22Tk —HAESE , C 415 HFD 41/ U 7
45k 25 Sk (RP=0.578, P=0.003) ,HFD #H 5 WLD-H
225 R B (R'=0.423, P=0.003) , fij C 415 WLD-H 2
1 22 AR /N (R =0.255, P=0.003 ) ,

T 0.5
gg . & 0.4 ol
. J/ eI 0.3 [ 3|
_ 0.44 / o1 0.2 ,: N en
S 03] o 01 . m
= 1%} 0 P )
2 0.2 a u —
= 0lq . 2 01
8 olocos L) —02
g Q‘\. —0.3
—0.14 . —04 N\
—0.2 / o —0.5 L
—0.3 —0.6
—04 —02 0 02 04 —05—03—0.1 0.1 03 05
PC1(42.03%) NMDS1
A. PCoA [£| B. NMDS [#|

I:C4; 1 :HFD4H; Il : WLD-H#4. .
3 BZizAxI MAFLD /MNRBZEE B B SRR

(4) Iy 38 T BE A B B 22 57 40 B - ZETTKF (A
4A) 3L TE T 118 2 FFF B ) Bacillota 2T B
"] Bacteroidota, 5 CZHAH L, HFD 21/ BUUUFT R T ) A AH
X = B G S BRI, R B 1] Actinomycetota , HE T 1R 1]
Verrucomicrobiota ¢ AH % =F & 4 5 3 7+ 5 (P<<0.05)
55 HFD 20 AH e , WLD-H ZH /)N BRJE BB T ) A AR X 2 (i
ETh v AERAT T BT RS ] Pseudo-

+ 2506 - China Pharmacy 2026 Vol. 37 No. 19

monadota AR XS 4= FE 34 i AR (P<<0.05) . 7EJ8 /KT
(K 4B) |, 3 403 1 i £ 465 B 5 2 181 I Akkerman-
sia B JE & )& Duncaniella . FRFF 5 & Muribaculum %5 .
5 CAHAHLE . HFD 4/ AR R e T | B i ) U
& & Paramuribaculum FL¥T 1 & Lactobacillus FIFEXS 3=
JE 34 Wb 2 B AIG, T ) e 2 B R L AR TR & Leptogranu-
limonas FEAT 1 J& Faecalibaculum . 75 ¥ 7 J& Alistipes 1
AT 2 14 58 2 T8 (P<<0.05) . 5 HED 414H X, WLD-
H 21 /N BB o2 2 5 J XSS JE TR BURT T s BBt A ok
1 & Desulfovibrio WIAHXS 4= B4 1 3 FH , MZEAT AR |
AT TH & Bacteroides . 73 K J& % A1 2% 18 & Rom-
boutsia FAIXF = B2 14 1 FFEAK (P<<0.05) . 34HFEAH,
A 37T A2 R EHE (T TRE K LRGSR
X BE T UG, 32 A TR AR 5 B2 H IUAS [F) A2
JE L], Hor o 2 R R A AR T AT R A
s B A KRR A, W IRRA RS | BT
T 8 % (P<<0.05).,

1.0

—_— W Bacteroidota
W Bacillota
W Verrucomicrobiota

—
i —

0.8

n

0.6 W Pseudomonadota

. M Candidatus_Melainabacteria
Candidatus_Saccharibacteria

ik

0.4

0.2

c4l HFD 4
A TR

WLD-H41

0.84

0.6

FHXFRE

0.4

0.2

CH HFD4l WLD-H#4]
B.J&/KF

4 BZiAH3 MAFLD /)R EE B &R #00
(5) b sV B A O 1 - LEfSe /T 45 R R, C LA
67 MAREPERIRE , AL & AR ] AT ] B R
S5 HFD 214 44 MR VR, AR A ) 2105 B
42X Coriobacteriia . 4 %7 i J& 55 ; WLD-H 40/ 9 etk
PRE , B FEERORATT ] PEA B Verrucomicrobiales ., i 5%
2 1 B} Akkermansiaceae . ffk % Wi ¥T 1 J& Ruthenibacte-
rium , N¥T % J& Hominibacterium %5 (LEfSe 43 #1 & o] 1
A SO GU YRR A S0 AR AR R 2)
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4 it

A 5E K A HFD 175 54 MAFLD /N RS, DL —
FH XU A AP X B 245 (3% 245 g e By R BG 87, 2 L i
MAFLD SR 52 SRt ia 7 iR 25, Howk)
12 1 T MAFLD sh AU 55 1) | RS 25550 T

BRI JE S5 S A 3 3 B B T e LA S i A

B EZ AR RGN T B 2 R/ B 2
HVEM .

ABEIE B AR BARZ W IEAT TR G R
7R, B2 0] B E R MAFLD /) BRI 35 (525645 16
JA1) IR 5 o R JHF I 48 4, s i D e ALl AR 48 A , I
VR AL IR AR PR RN E QIR . ek, 5 C 41
Lt , HFD 27N U2 21 1 SREBP-1 A1 FASN £ [ Y %34
P53 A, 1 PPARec B RN B 3% N H . F9EdR
tH, SREBP-1 &/ N5 I R Il TG & Wi OBk il (U1 FASN)
A% OB 7 TR s PPAR o U 1t 412 08 i 15 7R B S PR
Tit PR A e T 2 B Tl LA 5% %, 3 IR D R ) 43 AR
W, EE G TG, /NEUFASU LR E AR
P 4 3 0 A 1 5 1 B e 400 ) AR R U R RN TG 1)
MG, CREAR R TR B 48k , AT B 2l 2 /) B
JHFRERE BT

MAFLD 9% 95 1 Jre AN 5 ) IE g I A Qs 25 6L A
K 5 RTINS N S SR A VA
K A IEMFFEIESS , TNF-a  IL-6  IL-1B J& MAFLD &
AR R T ) G 4 IR s MDA 2 iR it S8 Ak i 28
Yy, I WA RS2 AR T s SOD Al GSH-Px S AILIA T B
H MO PUEREE . AR SR s, 5 C UL
F , HFD 41 /)5 BRIl 37 H 42 48 P F TNF-a  IL-6 . IL-1B %
JH2H 28 MDA KP4 8 25 7 &, 4140 SOD | GSH-
Px KPS R A, 4527 MAFLD /N B 7E B 5 A0 A8 0
VRSN SR i T2y = R i 1) = WA N W W o (X 7
oy 408 2 L], 7R /N R PN 9 B SR Ak g A 45 15 LA ek
o MAN BFSTEE H, TLR4 AR5 LPS 2505 JF A 5670 1
BRI G A7 A, TG 2 1 1 W 1 T R 2 R A5 TP ¢
JEME BT, AR R R, 5 C UMt HFD
2 /N R 41 48 TLR4 . MyD88 2 [1 ) % ik J2 NF-«B
p65 2 [ BB R AL K 34 i 2 BRI 2 E % T
TG, /N FaRFR bRy 0 2 T PR s B AL, 3R
] T NF-kB 485 18 5, 0/ JAE R 114 4

ARG ATI 1 18 B A S bR . o LPS &
B [ O R A0 LR (1) R RSy, MY R LPS AKSE T
PR 8 AN B H = % A DA, S Wi T A W 5 B 7
™. DAO EZAAE T/ NAFEES A L B, D-LA
A TE A A=, 3 M3 AT s i
BEHE N, ZO-1 & AEHF 20 M %% % 45 4 R D) RE 58
HEPE A% O 40T, oceludin W 7 452 5 94 15 4 i 5%

TEZED; 2026 455 37 5 19

BRI S, AR R B, 5 C4lAH L, HFD /)
SR F LPS \DAO \D-LA 7K V-3 . & TH i, a5 il 41
i1 ZO-1 . occludin £ 1 1 ik 3 25 T, #28 K
HFD B3R T /N U 8 HLABF B 1 78 2 b TR 8 Wl ™ o
ZBEG TG, /DR IR AR B Rz
B 5 2 A5 i TE LA B, DA T 98/ PN 25 25 i R
PEART= Y AR R G S 0L, ABFFE i LE D, 2
BT 9 A AT 65 He e i 2 57 B D) 6 AN 2> LPS &
IVZEE

AWFFEHE— 21 16S IRNA W F45 5488 T 5 2%
VAT 8 B B AV A L ER 1T . HFD 15519 MAFLD /)y
SR H BT SR A I T e R G B o 24P (Observed
species ,Chaol , Ace $8 45 ) i 2 FEAIK , TRIAF LR G5 10 & 2E
WY A . FERREALA L, 5 C AU EE , HFD 41/ XS
RICHE | BUFF B8 B AR T =5 B 34 5 25 B, TP S v
TR TR ] B o 2 R i AT R L 0 B R A X
FEHREFR 28 Z G TR, 2R LSRG T
[l ], PR 1] B AR 2 A T BT oo o2 P s %) R X = 2
HE—25Th i o B v T A A R 5 R R R e A
P B 5 22 AU BT R AE ARG, (EHAE X 3 B AR fE
ZARE AE RS BN TE A BT 5 2 Fh R s
AHFFEH HFD 417N AR P B 7 2 B i A X 2 3 S A
TR A B E G T /NI ZE B — 5w 4,
Al e 5% i B N B R S A G A
PRHL ¥ 75— . BEAb, 5 278 n] LR e
A A EUAF B AR R B, AR B i 1T A AR
R , I % BABU ARG, 0T M i L R 40 i 4 itk i
LA Rl B B e e Y, TRlRs S 1 R A S i i
VAT ZEFTIE R R A R T S R S
WA . G RBFIE & B, 5 /D4 MAFLD B3 38 ik
% P 1A AT 3 R A EEL T MAFLD B9 BE A 5
ThE s sy SEEAIESE , HFD ] 75 S5 380 1 8 19 S 3 1
BT 53 R B B AR S T RE LG S bR R R
FHOEEY s B UREATS P 1 i DU 5k 52 2 MAFLD F Ji v (1) 4
TEPEFE 7~ B AE , ook B 38 5 5 T AR 1 B A 25 06L L R I
J N K A AR B VA ™, IR EE IR, 55
AT i DRSS R, (o 22 80022 S R AR T T A
M\ LU YA T B A AT S B 2 i B AU 2
RE T OCER Y B SR,

2x FArd, B2l g MAFLD, HfE Il g 5
A R A8 E ATV BE 8 LPS By A, i
il TLR4/MyD88/NF-«B 4 iF: 18 1 | i 7 S8 AL L 3, I35
4% SREBP-1/FASN 5 PPARa /13 Y IR FAC I A 56, H
AR FAIATAE— 2 JR B « AR B0 UE T B 5 29300 TR 2R 56
R, R RGN YR LAt R IR T 0 X
FEFREI EIEEH . JREEn S5 A B TS 25911k
4 TG ST i — 2L 35 UE 2 5 i BARYE AL
FERMEE AT VEH F AR GEA SR
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