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Echinacoside ameliorates metabolic-associated fatty liver disease by
regulating the TGF-p1/Smad signaling pathway
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Abstract

Objective: To investigate the protective effect and molecular mechanism of echinacoside (ECH),
derived from Cistanche tubulosa, against liver injury in a mouse model of metabolic dysfunction-asso-
ciated fatty liver disease (MAFLD). Methods: MAFLD model mice were treated with ECH (300 mg-
kg ') for 14 weeks. Fasting blood glucose was measured using glucose test strips, and fasting insulin
was measured by ELISA. Liver function indicators (alanine aminotransferase and aspartate amino-
transferase) and blood lipid parameters (i. e. , total cholesterol, triglycerides, high-density lipoprotein
cholesterol, and low -density lipoprotein cholesterol) were measured using a biochemical analyzer.
The morphological structure, lipid accumulation, and collagen deposition of the liver tissues were dis-
cerned by pathological staining. The mRNA expression patterns of transforming growth factor-§1

(TGF-B1), Collagen I /Il , and the levels of interleukin-18 (IL.-18) and tumor necrosis factor-a
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(TNF-a) were examined using real-time polymerase chain reaction. The protein expression profiles of
TGF-81, phospho-Smad2 (p-Smad2), phospho-Smad3 (p-Smad3), IL-18, and TNF-« were obtained

by Western Blot. Results: ECH improved insulin resistance, liver dysfunction, and lipid metabolism

disorders. ECH attenuated the changes in tissue morphology and deposition of lipid and collagen.
ECH downregulated the mRNA expression of TGF-31, Collagen I , Collagen I, IL.-18, and TNF-
a. Furthermore, ECH downregulated the protein expression of TGF-81, p-Smad2, p-Smad3, IL-

18, and TNF-a. Conclusion: This study demonstrates that ECH effectively ameliorates liver injury in

MAFLD model mice by suppressing the TGF-1/Smad signaling pathway, thereby significantly in-

hibiting hepatic inflammation and fibrosis progression.
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J&i ¥ db/m /N B4 Bid 2 X% BE 41 (db/m 41, n=15) .
K db/db /N BUBEHL 43 S MAFLD #52 # 41 (db/db 41,
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kg '), R 14 1 .
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REARHE L RARAE, F#), TGF-A1.IL-1841
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(AR A R A E BB (Bractin DL SR i
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) il R A 28 T BEE I 2 (ELIS A 5591 &5 (VL 75 il fie
2L A R AL R 3 AT TRIzol WU & (2 1K, &
K)o

1.3 BAXE 425 1485 M E A/ BUIR
Btk e Bk R i, P i 2 22 K 400 /)N BRL S IR IR (fast-
ing blood glucose, FBG) /K ¥ .0 JIE#E VE 5 73 B AT
JUE , B 38 53 7 i 2H L VR YD R R AT IMAL O Y
FR 4 L U] 4 0 22 58 W R 11 O A0 3 AE A I v
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son (1) 55 3 G | LA 24 21 it 47 7E — 80 “CHY vK A
o T e S S e Bk

1.4 ELISA R IMFEHIERET B 08 0 m i
FE A= RS BES B0 A B o ELISA R
) & K I 23 B8 B 5 & (fasting insulin, FINS) |, 7¢

450 nm AT AT O B o BB R AR HTA FR AR
#4347 (homeostatic model assessment of insulin re-
sistance , HOMA-TR) ff jJ LA A 235 : HOMA-TR
=In[ (FBGXFINS)/22.5] , ik & % 8 1 487 5L
(insulin sensitivity index, ISD) f#f F LA 2 X 315 .
ISI=In[1/(FBGXFINS) ], A4 Hr X (ADV -
1D2400) £ M N 24 IR 2 Jk %% % 0§ (alanine amino-
transferase, ALT) | K 4 & IR & Ft #5 #% [ (aspartate
aminotransferase, AST) | Ifil ¥ & A1 [& [ (total cho-
lesterol, TC) , H il = B (triglyceride, TG) | {7 % J&
fig 2 1 A8 [# B (high density lipoprotein cholesterol,
HDL - C) K % B I8 & F1 A [E B (low density
lipoprotein cholesterol, LDL-C)
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1.6 XHESREGEHEXKN(RT-qPCR) i
TRIzol 17 & 18 B M2 21 b 43 25 B RNA. ffE 1]
Wi 30 &l i PCR Y1 & B AN DNAL fli 1]
HF SYBR-Green 1Y € 5 ¥ % 5% PCR K&l TGF-B1.
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1B TNF-a i mRNA K, 5175 W3 1.
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5194 B WS (5—3") T (5'—3") K /bp
B-actin GTGACGTTGACATCCGTAAAGA GTAACAGTCCGCCTAGAAGCAC 287
TGF-B1 GCTGAACCAAGGAGACGGAATA GGCTGATCCCGTTGATTTCC 101
Collagen | AAGAAGCACGTCTGGTTTGGAG GGTCCATGTAGGCTACGCTGTT 175
Collagen [l GTGGCAATGTAAAGAAGTCTCTGAAG GGGTGCGATATCTATGATGGGTAG 191
IL-1B3 AAATACCTGTGGCCTTGGGC CTTGGGATCCACACTCTCCAG 101
TNF-« GTCTCAGCCTCTTCTCATTC CATAGAACTGATGAGAGGGA 128
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PAGE LIk , 4R J e % B [5 A 48 1K PVDF JiE (0. 45
pm, Millipore, £ &) o 5% FMiEHAERCGER
K, b ) X REHEAT B L SRS o Bl R — PR
Pio il AL & AL (BIO-RAD, % ) DL J ECL
b5 00 6 R AT O I 5
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b BEANGE T B . ffH GraphPad Prism 8. 0 3k i
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A0 N RS R DRSOl o A0 3 R, £E db/m 4
HE %20 5 7 40 M T2 25 16 5, /0N i 45 44 3 Bl , 5
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##P<20.01;5 db/db #HAH ., P<<0.01,

2.6 MEIFHFE TV TGF-pP1/Smad & & K % E 8
XEBRIE BLH,AWRE K~ KM Western
Blot i Ml TGF-Bl.p-Smad2.p-Smad3.IL-18 fl

TNF-aE A FEE., LR ExR(E6),5db/m
A ,db/dbH B EEHREHWE FHF LA
(P<<0.05), [Imt, 5 db/db 448, ECH + fi 4l
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% HIREH KRB Y B E T REP<0.05), Lh kg
R 4G S M TGF-81 % ik J Smad2/
SRR AL, BT TGF-B1/Smad 15 5 18 H #4015 , I
HREARIL-1B. TNF-o % R+ 19 8 F R IA K,
AT 968 5 T I 46 9E o

=db/m=db/db =db/db+ECH
#

p-Smad2 e=— e e—S5%kU £ #

Smad? e e e 58 KU 5 g o:g
p-Smad3 *  SREEE S 58 kKU ng‘ % 06
Smad3 e — —3 kU < £ 04
B-actin == — 42 kU 5 5 2
& & g
[ s ) = @@’ (&gp B
g& 8}% 8)\‘5
3z >
S &
< S

El6 ECHXAFALATGF-p1/Smad BEEXREHEELES
FKIEWF MG
T A AP ZH 8P IL-18 . TNF-o X TGF-B1 3 13 3k K F Y
AL (A) s £ AT AL p-Smad2 . Smad2 .p-Smad3 ,.Smad3 & 4 %
KRR A4 (B) o 5 db/m 4t , "P<<0.05; 5 db/db #l L,
"P<<0.05,"P<0.01,

3 g

MAFLD J&: 2 F 18 1 995 1 38 [ 9 21 5 72, H
FE M IR AR L (5 TG IE I HDL-C) JIE
JE Je T2DM SR 50 R sl o 5 R S 900, K 3
FF22 1) MAFLD A fil &2 B 195 45 1 - R i -2F 4k 4k 9
R VAR | A R VAN R R P i DR )
K AR T T2DM & MAFLD % 4 5 ik i iy
Kot fE R 2, — 3% 8 i TR FIA8 1 48 i JE n 3] £
L ——T2DM 3K 5 MAFLD & J& , iff MAFLD
JZ 0 A . % T sk RS T2DM
B RS I, MAFLD B i 8 kA 3k T )
ML, H AT R i B = % el AR IT 2,
FF & &% MAFLD g #A% O 13 88 1) 97 125 02 Y Ji wF
FEHE .

N TR N A DN SR N L =R B )
B H 25 1k A& % (Phenylethanoid glycoside, PhGs) , B
AR PR PR BURE R BT Ak S i
T S5 2o T 2 BTG MR T 7R 20Tk AR 40 B 4 A A
s SR A 0 PR AR B B UE S S H B & B U
T2 TR R AR T AR BESE B AR ST A S 4

172 A4 MAFLD £ 21/ ()R A B AT I R 9 75 H
B IR

[ 5 Z AP S MAFLD () & 9 AL i1 24 V1 AH 56
H 3K 35 52 95 DA 5 4l Jig 1y 72 P 3 Jre 22 A ORGP R D
PERF 25, BN BRI ZU IR R MAFLD (&
JFF £ i Ak A7 78 SRR 5 00 SC BRI R 2. B, A
¥ IR 7] §8 J& MAFLD B9 W% 76 T 1 ok ms .
MAFLD & i 8 6 “ — 47 i 7 #38 : IR 5 - HE AR T
HEFR L) BB — IR AT 7, S0 DR 8 i R 48 Ak 7 I
TR B kAT E T, BTSRRI 2 EAT
i ARG 36 R A TR L A AE A I - A LTk
1 Bt AL R 2 (E B Bk % TR fish %2 54 JIF B i I3 4 ARLATS
JEAZ LS — AT Y. 7E MAFLD ', i F IR
5 T2 e 3 6 11 B N D5 TR B A7 il 45 2R SR 1, HE ol =
P A0 5 43 AR 28 JFF i Al i 0 A0 200 N B R
Jo B S 5 40 R Ak JE I R TR U R
K F A AL . ABESE R B, RS B A5 1 4 2 AT R
MAFLD /N IR Kl g 5%, N —E R E -
HI S50 T 58 — AT i "B Bt o

A Sk JFF I 2 J s A48 %) 2 357 % 200 Jf ( Kupffer
cells) , AT 8% JIF 453 493 175 5 1) JiF 40 JE 08 T 5 SR AE 0T
O o B ik % A% B F kB (nuclear factor kappa-B,
NF-«B) i) 9 B¢ 1% Ak, iff 1 i 2h 42 ¢ B 5% 5 . Bl
J&i  7E TNF-a # 1L-6 5 48 P B 7 3R, HSCs
SR A g B 2 W T Re i SO RS 2 TR
PEIAE £F 4E AL I 7 (I TGF-B1 . PDGF ) K {4 5 [H
R B2 3 B BUR B0 s i R N DR
PEE TR . 7E MAFLD B9 &R ML, 2 R 4
it P F- (10 TNF o IL-108) 38 523 A 5 JE 4 e B2
M5 2 5 o™ BEAEAF o2 FR B A SR 48 T
R0 g 2815 S 09 TEC-6 41 g vh 1L-6 & TNF-o Y
FeIk o AE BRI/ E R T 0 A0 )RR A A A A
AR A IR e B % F I 1L-6.1L-18 5 TNF-a /K
UL A A SR A A e 0 0N R A A Y
NLRP3/Caspase-1/1L-1B % AE 5 = i I & ¥ T R 3L
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