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0.05) , LY294002 4B 4 ffl pPI3K & [ 31k, A Acta2. Collal F1 Col3al B9 mRNA 183 Kk 278 B EFE R (P 1E19<0.05), T1F
740 Y-P F¥i/a, 5 AS-IV 4B LL , pPI3K & B 3R 3A & Acta2. Collal # Col3al A mRNA #X RIL B EFS (P {E19<0.05)
it AS-IVIBISH I T 2R MBEE (L M T 2503 AT T 44k, HIEBALHI o7 s 53 H) PI3K/Akt 5 S8 ER B %o

KEE: BAgd; REFEN; /IR, /32 C57BL; FF2RAAE

EE&UWB: ExXBARNZESE FIHE (82074372) ; EEmRHEBIF {71111 (23Y21920200) ; E/EMH IR A B EEKER
BER=FETT(CGWVI-2.1.5)
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Abstract: Objective To investigate the liver-protecting and anti-liver fibrosis effects of astragaloside IV (AS-IV ) in vitro and in vivo,
as well as its mechanism of action in intervention against liver fibrosis. Methods In the animal experiment, C57BL/6] mice were
divided into control group, model group, low-dose AS-IV (20 mg/kg) group, and high-dose AS-IV (80 mg/kg) group. The mice were
given intraperitoneal injection of carbon tetrachloride for 6 weeks to induce liver fibrosis, and since week 3 of injection, the mice in the
low-dose AS-IV group and the high-dose AS-IV group were given AS-IV by gavage at a dose of 20 mg/kg and 80 mg/kg, respectively. The
serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were measured after 4 weeks of administration, as
well as the serum levels of hyaluronic acid (HA) , laminin (LN), procollagen Il N-terminal peptide (PIINP), and collagen type IV
(Col-1IV ). HE staining, picrosirius red staining, and Masson staining were used to observe liver histopathology and collagen deposition ;
RT-qPCR was used to measure the mRNA expression levels of Acta2, Collal, and Col3al in liver tissue, and Western blot was used to
measure the protein expression levels of «-smooth muscle actin (a-SMA) , collagen type I (Col-MI ), phosphatidylinositol 3-kinase
(PI3K) , phosphorylated PI3K (pPI3K) , protein kinase B (Akt) , and phosphorylated AKT (p-Akt) in liver tissue; transcriptome
sequencing was performed for liver tissue to identify differentially expressed genes and perform a bioinformatics analysis. In the cell
experiment, transforming growth factor-B (TGF-B) was used to induce the activation of LX-2 cells, and the PI3K inhibitor 1.Y294002
and the PI3K activator 740 Y-P were used for intervention. The cells were divided into control group, model group, AS-1IV group,
LY294002 group, and AS-IV +740 Y-P group, and the cells were harvested after 36 hours of intervention. Changes in the protein
expression levels of a-SMA, Col-IIl , pPI3K/PI3K, and pAkt/Akt in LX-2 cells were measured, as well as changes in the relative mRNA
expression levels of Acta2, Collal, and Col3al. A one-way analysis of variance was used for comparison of continuous data between
multiple groups, and the least significant difference i-test was used for further comparison between two groups. Results In the animal
experiment, compared with the model group, the AS-IV treatment group had significant reductions in the serum levels of ALT, AST,
HA, LN, PIINP, and Col-IV (all P<0.01), the mRNA expression levels of Acta2, Collal, and Col3al in liver tissue (all P<0.05),
and the protein expression levels of a-SMA, Col-Ill , pPI3K, and pAkt (Serd473) in liver tissue (all P<0.05). In the cell experiment,
compared with the control group, the model group had significant increases in the protein expression levels of a-SMA, Col-1II , pPI3K,
and pAkt (Serd473) after TGF-B induction (all P<0.05) ; compared with the model group, the AS-IV group had significant reductions in
the protein expression levels of a-SMA, Col- Il , pPI3K, and pAkt (Ser473) (all P<0.05) , and both the AS-IV group and the
1.Y294002 group had significant reductions in the protein expression level of pPI3K and the relative mRNA expression levels of Acta2,
Collal, and Col3al (all P<0.05). Compared with the AS-IV group, there were significant increases in the protein expression level of
pPI3K and the relative mRNA expression levels of Acta2, collal, and Col3al after 740 Y-P intervention (all P<0.05). Conclusion

AS-IV can inhibit hepatic stellate cell activation and improve liver fibrosis, possibly by inhibiting the PI3K/Akt signaling pathway.
Key words: Hepatic Fibrosis; Astragaloside IV ; Mice, Inbred C57BL; Hepatic Stellate Cells
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SRR B E SE TR FEE A, 2019 A FRE AL AL T2 A
HOG RERTET AR 2.4% Y . eI ITEF 4 AL s TRk L
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FR 24 ELAT SR S SR, B I AR 8 5 = A SR S
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actin, a-SMA) 3K, IF KA Al T 78 I 20 e it 2 11 4
WSy, FEECM i BEUTRR . R, 36 AL B HSC id 1] 43
Al A K AT B(transforming growth factor-3 ,TGF-B) . Ifi.
AN 7R8NS R N R ) R SR e e S )OS e i
— AR E JE N 3 ECM A B 0 ) R, AT
LT AL R

T EEH AT IV (astragaloside IV, AS-1V ) &35 fE 1Y F 2
TR AY, Ja PR o 7 =, BA SR AL PR T
RIS HAE R . CAFRIRE AR P2
A5 7 T U R0 98 252 5 T LA DB A 0, R T i
AR R S NG I P T /N B TR 7. ARG B e
3 S ) /N B AR AR | F 455 e S 007, &
BEARTE AS-IV X LR 4EAL 091697 ROR B IAE FBLE, LA
ATy EL 0 o ] 4 0 s 7 JUL S 3-38 18 (phosphatidylinositol
3-kinase, PI3K)/Z& [ 14 & B (protein kinase B, PKB/Akt)
o B ) HSC S Ak & HE BT £ 4R A VR HT R AL
M Ay 21 4 A 14 36 7 4 AR 5 79 2R 18 4K 4 A 7

1 HB5F®

L1 i
LI s3eahdy  AWFTCiE FEENE CSTBL/6T /ML, 6 ~ 8
S AR 18 ~ 22 g, W [ W VT4 58 ) 48 52 5 3 ) A R
SUEAE] L IR T Rl R R R SR S L. S
)AL P VE ATIE SR : SCXK (97)2024-001 , 5246 3 4y i
FAVFATIESR5 : SYXK (371)2020-0009
112 #H#h 5 XA AS-IV (55 HY-NO431, 4 £ .
99.93% ) F & [H MedChemexpresss BN DU
Atk (CCL) AR I A b 3 22 va bR A AR By A7
PR B 5 T 44k pu i [ 28 3% 45 1 (laminin, LN) 575 B
i R (hyaluronic acid, HA) | Il Y B I8 JB (N-terminal
procollagen Il propeptide, P Il NP) . IV %Y Jii& Jit (collagen
type IV, Col-1V ) |t EK £ 32 A6 0 3 50) 4 4 ) 1 S M TR
il A W) N\ T AR P (hematoxylin and eosin, HE)
Yo W W RS EE A TR I BT S AN T
Solarbio 2 A) ; anti-a-SMA (555 : ab124964 ) . anti-Col- Il
1545 :ab184993) \anti-GAPDH (525 : ab181602) 14 [ &
Abcam 22 7] ; PI3 Kinase p85 Antibody (%5 :4292S) |
5 FR 1k PI3K (phospho phosphoinositide 3-kinase, pPI3K)
p85 HUMAR (£55:4228S) WAL Akt (pAkt) (Serd73) i3
PR (F2) (1845 :4060S) . Akt B v BEHTAAR (F) (5245
46859) ¥ [ 3¢ [ CST 24 Fl 5 PI3K #)1 i 51] LY294002 (52
7 :HY-10108) \ PI3K #( 1 7 740 Y-P (%75 : HY-P0175)
I A 32 E MedChemexpresss A= ¥ BHE A F] S
.13 £ &M E  RA HEE XN (polymerase chain

reaction, PCR) % ( &l 5 . QSTUDIO6PRO, 7 @ Themo
Fisher Scientific 2 ] ) ; B #R4X (%15 . SYNERGY H1, 58
E BIO-TEK A 7 ) ; Western Blot {524 (%45 : ChemiDoc
MP, % [ Bio-Rad /A w] ) 5 4H Jifd 5% 32 4 (7445 : CLM-170/
240B-8-CN, # iy ESCO A H]) .

1.1.4 I EADDBERFE R s @%H HI2H
C57BL/6] MEME /N R BE LA 7R %70 4 41 (R4 8
FU) 0 RE ] BRI (CCL ) (AS-IVARF 4 [ CCl,+
AS-IV A5 4 (20 mg/kg) | 5 551 i 41 [ CCL+AS-1V 755 71
i (80 mg/kg) |o AS-IV 45 255 i Je %5 i J7 75 2 7% Zhang
AUSVRESE L ot I L T SO I (2 mL/kg) S, Hody
% 20 X SRR TR AR FR Y CCL, BIORE I W (C.C, 55 0mE it
Fefi oy 1:9,2 mL/kg) , B8 29k, K2k 6 )8 . 55 3 JiE,
AS- IV G571 2 20 A0 v 7] A 43 R 5 R L 75 o AS- IV, A
H 1 UK, H A 20 0 3 AR A5 1 A= R UK, 25 25 4 JR S b BE /)N
R, WSO i 775 R o

1.1.5 i Adsiam SRR Z TBA-40FR 4 H 3L
b3 BT (9 v B 24 R A B B o B e A 6 ) Gl
RV hOR & A R A B B (aspartate
aminotransferase, AST) 1 78 2 T2 Z L %% #% [ (alanine
aminotransferase , ALT) % ¥4 . T £F 4 4k DU It (HA LN,
PIINP Col-1V ) i 7K F-Fac it BH A5 A T4

1.1.6 AFALRHE$ & RIRELfE Lange
ZVAARIR IR IS 5 UK A I AL, 45 4 wm V)
F, PEAT HE e KR 2 21 YL (0 R Th R e o, PEAl /N BR
JHF R L 2l AR

1.1.7 = ¥##FPCRAN  BUNRATFHL AN A
IR0 M (LX-2 48 ) , Jin A Trizol 38 77 $2 HUE RNA, 1 &
B b VA B NG0B e, R A7 30 5 S O 25 B AR DNA, 3R 4 7
PCR ¢ ¥4 | k& ) HSC % 4k #H O %&£ A Collal | Col3al A
Acta2 [ mRNA ik . L GAPDH 4 N 23+ M % ik
i, SR TS 9 R b s R MR B A FR A
AR D,

1.1.8 Western Blot 4 2% Western Blot 2461 /1N i,
JHFHE £H 20 R LX-2 40 Bl 5 o-SMA | Col- T . pPI3K/PI3K ,
pAkt/Akt 1 8 U F A KT o 8 PR S O VE 1 241
WARBURE M, e AL LR 10 g7+ e a7
T2 1 - SR VAT 4 T P 6 g P DK, LI e B 28 SR AR R & M
5% A4 EIR FEM 1 he T4 CF—HUBE %,
WHZHE R h, FBE RS B . R
FH Image] SXAFT 2005 I AL

1.1.9 #FanF s HERERBIA S AS-IV &l a4l
NI LUREAS B TR A S YR Trizol 3857 $E B
B RNA, % NanoDrop 2000 AR TG I 4l R S ik
Agilent 2100 Bioanalyzer W {f ¢ ¢ 1 . >k H VAHTS
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Table 1 Primer sequences

B 1Em](5'-3") J 1) (5'-3")
Col3al

/N CTGTAACATGGAAACTGGGGAAA CCATAGCTGAACTGAAAACCACC

AN LX-2 4l CGTGGTAGCCCTGGTGAGAGAG TGGAGAACCGCTGGGACCTG
Collal

AN A CAGGCTGGTGTGATGGGATT CGTTCTCCGCTCTCTCCAAA

N LX-2 41 g GAGGGCCAAGACGAAGACATC CAGATCACGTCATCGCACAAC
Acta2

/N TATCCCCGGGACTAAGACGG CTGTAGTCCCCCACTACCAC

AN LX-2 4l CTCTGGACGCACAACTGGCATC CCCATCAGGCAACTCGTAACTCTTC
GAPDH

/NI AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

AN LX-2 41 GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG

Universal V10 RNA-seq Library Prep Kit FRJ R S 2 SO
WP ZHE_ g RR ) A AR BRA R 58 o

1.2 |

12,1 @mpsE s LX-2 40l T R e b A Ay
BLERE I B 4l M 2 IR oL ] 9% F 37 °C 5% CO, AL
AT

1.2.2 2w g3t HK 7 & -8 (cell counting kit-8, CCK-8) &
ol LX-2 & 1 B AR Rl T 96 FLAR B R 1K,
o5 4B 5 42 W5 BE 5 LAAS [R) vk B (0.2.5.5.10.,20.40 .80
pmol/L) () AS-IV X4 I AT T 9l , Ak 2215 5% 24 b i)
BLINA 10 pL CCK-8 A, T37 C M EOEIFE 1 his,
e AR SRS 450 nm P4 T B0 BE A

123 Zmfe s LX-2 Uil T 6 LA, R 40 i I e
J& B B R G LT B R AT YU AR FL 6 he TR T LA
TGF-B (10 ng/mL) % 5 LX-2 40 7% £k , 76 L Fe il I, iF
— 3 PI3K 1 77 LY294002 L) K PI3K 384 5 7] 740
Y-P X 4R B HEAT 190, 43 ) i X R A B A (TGF-B
ZH) \AS-IV (80 mmol/L)#H . 1.Y294002 (20 wmol/L)ZH . AS-
IV (80 pmol/L) +740 Y-P (30 pwmol/L)#H , T 75 36 h Ji5 12
HUAN A RNA UK B A TR 25250

1.3 %itFsx XH GraphPad Prism 10.0 A AT
BARGAT M o T R 2 4 8] F R SRR Ky 22
O3, FE— A G LR LSD-e K86 o % S 4L 7 4k
P A PRI TR LA o A A TR, AR IR R R
(false discovery rate, FDR)<0.05 ~ B &M H{H ., P<0.05
RHEFAGITFEL .

2 R

21 %R
2.1.1  AS-IVx+CCl #7890 RIF B 9 %em CCLE

S HFEF 4 Ak /N BRUILYE I8 546 bR ALT L AST 9 7K 7 i 3
ThEn . SEMAA L, AS-IV B & F R/ BT ALT,
AST 7K F (PEF<0.01) (E 1a) o FFAE HE Y o 45 5 &5
7N, R BRZH /N BRUFF AL 225 0 S8 38 /N ik D9 40 2R HE
B D0 5 AR 2 D0) 5L 0 45 R 25 L YA IX R R AT
2 R A I 5 24 5 /0 U I 98 S 40 i3 i LA K.
JHF /N 285 4 e DR R A 20 BH S i3 (R 1b) o DA 2%
FW], AS-IV AT i 25 03 CC 5 S 1/ BUIF IR 03 , Iz
FIE LI o

2.1.2  AS-IV 3 CCl, % $ 49 /> BT 240 22 JR 00 AR 89 %
e IhRN G N ORR B G e 25 R R BRI U
ZH AR LA A R SRR 17 AS- IV W Sk 25 R AR A i
JEUTR (K 2a) o A4 P 45 R Bon , 5B ZHAH L,
AS-IVRE 3 PR/ R LTS HA LN PITNP £ Col- IV 7K
(P{E<0.01) (K 2b), Western Blot 455 i 7~ , AU 2H /)N
FUIFZHE Col- TN AR (1 1Y 223K W8 15, AS-IV T 1l B %
AR T 412 Col- T 28 1 335 (P {E9<0.05) (& 3a) o
PCR 45 3 7, 5 %5 BEZ AR e, BEAY 21 /N BUIF 21 41
Collal 5 Col3al B mRNA &3k B 3% [, AS-1V AT & 3%
fi Collal Col3al ) mRNA 3k K- (P {E4<0.01) ) (&
3b). DL ESEHEFEI, AS-IV AT W 0] CCL, 5 S A0/ R
JFAFE FE T C R, , AT S8R B TP T A AL B

2.1.3  AS-IVAFAF 4F e ft s ST IE HSC W& Lg% Hy
PRIT AS-IV 3l 27 4 AL AR AR /N BRI M SRR A 4
MU, AWF 5T E— A T AS-IV X/ BUHIE HSC 15 1k
FI520H . PCR M Western Blot 453 i 75, AS-1V 7] I 22 [
/N 2 -SMA 113835 7KF (P AE $4<0.05) (1A
3a), A S Acta2 B mRNA 3R ik K F- (P {H ¥ <0.01) (A
3b). LA 4SRRI, AS-IV AT i 3] CCL, 5 S IFLr
A/ FUFIE HSC 1% 1k .
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Figure 1 AS-IV attenuates inflammation in mice treated
with CCl,

2.1.4 BT REEE F N oA HE— 20 X RLRLZ A
AS-IV 254/ BUF L U AT 3 S 2 2 o, Hop 75 &
FR BB AL (fold change, FC)llog,FCI>1 H FDR<0.05
B JE PR B e SR 22 S 3R e R . 22 S ek R il
SR 2 M EL, R0 T 43 4 25 5 A Hih 364>
FERRR T, 7 AR R IR L (E 4a) o B3Pk
Rt —20 3B 2 U FEAC L R ik 22 57 10 3 (&1 4b) .

215 2R AZABGHREGE> M AETESL
o GO TIRER AT EE R WoR , AS-IVIRYF IFEF 4 fb ity
YRR R SRR TR A R R A A S A G
Gy T U188 32 B S WS A TE PR I TR T A B
2 32 B A T A s A A 4 BB P FE ECM R A
G (K Sa~c) o dE—LHE1T KEGG {57538 i & 5 77
B, HCHE B 4 43 850 P 1 b % TN e 4 R DR VA 8 2
PR, 45 BN, PIRK/AKt (55l g 25 B i P s i
FE K (E 5d) . DL ES5 I PI3K/Akt i F & AS-IV
TRIT AR AEA BV AR 5

2.1.6  AS-IV 3 AT &F 24 /) ST R PI3K/Akt 15 5 38 %7

g e Western Blot 555 B~ , 5 X FEZH AR b, A A
2H /N BUIF 2028 pPI3K | pAkt (Serd73) 25 1 1Y i 2 1L 7K -
B 22 AS-IV T i )5, /I BUI 240 41 pPI3K | pAkt
(Serd73) & 11 W IR 1k /K °F & 3 F B (P A 19 <0.05)
(K16)., FRGEFFH, AS-IV AEHE A M Hl PI3K/Akt (5
5 R TS AL

22 miLEI

22.1 AS-VAEARIFATHSC#EF "  TCF-B(10 ng/ml.)
R LX-2 4R, vT 5 35 9 i A S o«-SMA L Col- T 1) 35,
HLAEB 1% AS-IV (80 wmol/L) il (P {E3<0.05) (K 7a) .
55 BEZE AR L, B 2H 1X-2 20 i pPI3K  pAkt(Serd73)
B A R BEIR ALK T B0 5 28 AS-IV 15 , LX-2 4i
W1 pPI3K . pAkt(Serd73) 8 AR FR L /KT i 2 BRI (PR
<0.05) (El 7h) . CCK-8 il SR KB, AS-IV X} LX-2 4
Ma 4 JC B B i FE e (B 7e) o RIRZE IR, AS-IV AT 38
TP PI3K/ Ak 538 EAM 6 HSC 9764k o

222  AS-IVid it #74) PI3K/Akt i@ %47 4) HSC i & H
Tk —2E 2 AS-IV X PISK i R Ak i 1 76 L 20 591 7
L PI3K #1351 1.Y294002 A4 sh3] 740 Y-P X} 1LX-2 41 iy
AT 1. 4550 8K, 1LY294002 fE B 236 pPI3K i
F 23k DA HSC 6 AL bR 25 ) mRNA 3k 7K F (P fE <
0.05) (8a~b) ;T L 740 Y-P T )5 , AS- IV XF LX-2 4
Jitg H HSC % AL b 7 9 F1 pPI3K/PI3K 7K SF- A 410 4 /6 F
—EFREHGIE (P{E<0.05) (K] 8¢ ~ d) .

3 3tig

HF 7 24 1 1 2 £ A 502 U 2 2 50 01 5 ek o
ECM 3 J3 0B A7 30, HSC W% AL 7 % i i op R 45 T e
PEFIE0T IR AR SR (9 BF 58 & B, HSC 13 Ak B oA 1] ik
M, — ELBOW K ZBE R, HoT R A A TR E B
ARZS , P Ik HSC SR 0 4 4 AL 3497 (1 B 40 A 19
U, A FH % 2 PR A HSC IS A AT AR U BT 2T 4 AL

W 2R Y A A TR A
AT O SR R AR B AR, b 25 T M S
T VR FFIE 48 5 346 FISC I 4k 25y i 4 /s o BL 1 1Y
BFFEHT 12

AS-IV VR 8 B E BB MRS 2 —, D ROES: A
B HUEAL BT MBS 2R BV B R
W], AS-IV 1] 38 o 36 5 15 0 4 e 0 Al e e 0 UL 45113
Li 25 A58 AS-IV AT S Y0 A% R 4T 2 2 4 G A
T 2R A I B SR e L O R
BFFE e, AS- IV 3 3o sk 460 A 400 K 14 B0 900055 52 1K o
St U T T A D 0 A5 3 e e B UL JE
AR WIS F I, PISK/AK (S 38 B 1 D AT 4
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