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# E: BRY ETWREEEBS RPN St Uiz T 4 Mk (JI1E Chuanxiong Rhizoma F7j Paeoniae Radix Alba-
23 Angelicae Sinensis Radix. M3 Rehmanniae Radix Praeparata) Y837 IRITIRFPE547 (cholestatic liver injury, CLI) [
WM ESR, HROT SRR FERNG . F53%  FIA TCMSP #dE R . AAT . 203, S i 32 s PR R o S A B
i, 181t GeneCards ##E ZE3KHL CLI ¥Ep5, f# ] Cyctoscape 3.10.1 AT IERIEE “ FRIRZG-3EME o -1E FHRE 27 2%, B
TELR MR SREL S BRIR 2 5 CLIL 2 (AR SERE A, FEeaihl IR SRR S\ DAVID 3035 FE AT 2 R & 42 0 i MR
B2 (bile duct ligation, BDL) ZhHIIHAY, 45 T&HMRLAKIEMGE, R LG D) Redl S AR ATEAR,  FEX R S A7 B g
XA ER . RN 454 qRT-PCR £l CLI AHGHE SR FRIE . S8R WEHBRLER TR, TGS, A%, H
19, 2h3 5 CLI Z [RIAFLE 3 N ACHESE 55 (A% 32 R 5% 3C 2Hi 0% 2 (nuclear receptor subfamily 3 group C member 2, Nr3¢2)+
FANHEEE X 244K (retinoid X receptor alpha, Rxra) FIFIIRE Wik A& il 2 (prostaglandin-endoperoxide synthase 2, Prgs2) ] .
ISR NIRIESEIR R AAT . JIE . 4H, AR EoKIEYII AT B35 GE CLI DLEAICI A 4efbtE o, HIYRe T ik 3 3t
FHLRZRIE (P<0.05. 0.01, 0.001). BbAh, HAT. JIZKIAAST CLUTRL T HIH . BB . 458G ERHA~ S CLI
FH 184 NHELS CLLA 4 N5 HARRIRZAA F] PSS, T4 H, B35 CLI Z A S & fl. i —20
AAESTTRIL, AATERE SRR E LT ME AR, MIEARIERF (tumor necrosis factor, TNF) {55 #E; JIIZ/EHE A EE
FMEN . ME AR L RIATF (vascular endothelial growth factor, VEGF) i@, #t—GI0IESS R BN AATED T AT
JUk i 4H R B 23T (vascular cell adhesion molecule 1, Veami) Tnfs A 2253585805 8 A (mitogen-activated protein
kinase 8, Mapk8)+ AKT 2Z R/ B FRIEE (AKT serine/threonine kinase 1, Akt]) Fikel3E CLI, )=l T AT AFREEE A
SR (kinase insert domain receptor, Kdr). Mapkl4 k2G5 CLL. 2518 WUV H)IN5 . B~7. 4H. HHhssiaes
FEEE ML AR IR B | RS AT B340 L P kqh, BT ¥ A Nr3e2. Rxra. Prgs2 3L CLI. AAT. JIIE S CLIT T
. b, AT AT TNF {5 5B & Wi i 45 VEGF 15 5@ B 75 alRe v 2% CLL.
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Abstract: Objective To compare the therapeutic effects of the individual components of Siwu Tang (PU#)7%, SWT) including
Chuanxiong (Chuanxiong Rhizoma), Baishao (Paeoniae Radix Alba), Danggui (Angelicae Sinensis Radix), Shudihuang (Rehmanniae
Radix Praeparata) in the treatment of cholestatic liver injury (CLI) and explored the related mechanisms based on network
pharmacology and experimental validation in vivo. Methods The main active ingredients and targets of Chuanxiong Rhizoma,
Paeoniae Radix Alba, Angelicae Sinensis Radix and Rehmanniae Radix Praeparata were obtained by TCMSP database. CLI targets
were obtained by GeneCards database and “monomeric herb-active ingredient-target” network was analyzed and constructed by
Cytoscape 3.10.1 software. Intersection targets between each monomeric herb and CLI were obtained using online resources, and Venn
diagram was generated. The target genes were imported into DAVID database for gene enrichment analysis. Bile duct ligation (BDL)
model was conducted, after administering the water extracts of each individual herb, serum biochemistry markers related to liver
function were measured, and pathological staining was performed on liver tissue to compare the pharmacological effects. Moreover,
gqRT-PCR was employed to detect the gene expressions of CLI related targets. Results The results of network pharmacology revealed
that Chuanxiong Rhizoma, Paeoniae Radix Alba, Angelicae Sinensis Radix and Rehmanniae Radix Praeparata in SWT shared three
intersecting targets [nuclear receptor subfamily 3 group C member 2 (Nr3c2), retinoid X receptor alpha (Rxra) and prostaglandin-
endoperoxide synthase 2 (Ptgs2)] with CLI. /n vivo validation experiments showed that water extracts of Chuanxiong Rhizoma,
Paeoniae Radix Alba, Angelicae Sinensis Radix and Rehmanniae Radix Praeparata significantly improved CLI and related liver
fibrosis, and downregulated the expressions of the three common targets mentioned above (P < 0.05, 0.01, 0.001). In addition, the in
vivo anti CLI efficacy of Paeoniae Radix Alba and Chuanxiong Rhizoma were better than that extracts of Angelicae Sinensis Radix and
Rehmanniae Radix Praeparata. The results also showed that there were 18 independent intersection targets between Paeoniae Radix
Alba and CLI, and four independent intersection targets between Chuanxiong Rhizoma and CLI that were different from other
individual herbs, while there were no independent intersection targets between Angelicae Sinensis Radix, Rehmanniae Radix
Praeparata and CLI. Further bioinformatics analysis revealed that the target genes of Paeoniae Radix Alba were enriched in
angiogenesis and tumor necrosis factor (TNF) signaling pathways; The targets of Chuanxiong Rhizoma were enriched in vascular
endothelium, angiogenesis and vascular endothelial growth factor (VEGF) pathways. Further validation results showed that Paeoniae
Radix Alba improved CLI by downregulating the expressions of vascular cell adhesion molecule 1 (Vcaml), Tnf, mitogen activated
protein kinase 8 (Mapk§), and AKT serine/threonine kinase 1 (44z1) in liver, Chuanxiong Rhizoma improved CLI by downregulating
the expressions of kinase insertion domain receptor (Kdr) and Mapkli4 in liver. Conclusion Chuanxiong Rhizoma, Paeoniae Radix
Alba, Angelicae Sinensis Radix and Rehmanniae Radix Praeparata in SWT could ameliorate liver injury and fibrosis caused by
cholestasis. They collectively improve CLI by targeting Nr3c2, Rxra and Ptgs2. Paeoniae Radix Alba and Chuanxiong Rhizoma exhibit
superior efficacy in improving CLI compared to Angelicae Sinensis Radix and Rehmanniae Radix Praeparata. Paeoniae Radix Alba
specifically improves CLI through TNF signaling pathway, while Chuanxiong Rhizoma achieves specificity in improving CLI through
VEGEF signaling pathway.

Key words: network pharmacology; Si-Wu-Tang; Paeoniae Radix Alba; Chuanxiong Rhizoma; Angelicae Sinensis Radix; Rehmanniae
Radix Praeparata; cholestatic liver injury; liver fibrosis; tumor necrosis factor pathway; vascular endothelial growth factor pathway;
oxypaeoniflora; senkyunolide A; ferulic acid; 5-hydroxymethylfurfural
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SPF 2% C57BL/6J /IR, 8 WS, MERESF-, 14
i 22~24 g, WEB AR (bR AVHARER
AT, PFAMES SCXK (1) 2019-0010. #4737
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I8, WA 120 Y6IE/12 h BEE, SRR B rARLA
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YINE Ligusticum chuanxiong Hort. [ TR 2. X
ZRUEYIH TS Rehmannia glutinosa Libosch.[¥]T-J5
BB ) T . BERBE AT 2 Paconia
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lif Caspartate aminotransferase, AST) A& (#t5
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A E (S 20230802)  F2 & IR (hydroxyproline,
HYP) ®71 & (b5 20230921). S AHVTER (total bile
acid, TBA) 7 & (b5 20231012). FHLL & (total
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Ja, R R A ARG UniProt U4 245 3
PR TEEE DR 4 PRIV L
2.2 CLI#BSHIRE

PL CLI FR#ETE LA FR “ cholestatic liver injury”
AFE 2 1A 7E GeneCards Chttps:/www.genecards.org/)
G PEh TR R, 33 CLI AR L . FF5
BR7E UniProt #4f8 & JE % BL ID 5 (FE 1, (REAH
X RIFRIESER 44 f 1D 5 R HE md AT
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fm” REFESIRE
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webtools/Venn/) Wufidt, BIR[ASE|IE ., HAT, 2
B, 205 CLI Z (AR EE i, IR k2 i) 4
BE.
24 HEYEERFESH

MR BB IR, Rt 3= R /R F I ik
2 S L R R 5 N DAVID #4 & Chttps:/
david.nciferf.gov/ D , ¥ W M & B A “Mus
musculus” , FATHEREIAMK (gene ontology, GO)
e e i # R 5 B R 40 | B4 B (Kyoto
encyclopedia of genes and genomes, KEGG) # i &
BT, R PAEINNEIR, Gk 25901 R A
() AR S AE T @, GO AT EUET 10 fi7.
KEGG 7-HTHCHT 20 A4 B FEx Bl AT nl Ak
AEFE, R A WG Chttp://www.bioinformatics.
com.cn/) FEZZ: | GO 43 # %6 T ¥ L KEGG & %47
M, H T e 0 A LI seE .
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FIE R AR G RN ZGE, A 200 mL 7K, fE[R
JEF IR 1 h, 25 R EAR Y 25 25 W1 B A
A T AT AT BT AN R, Heh ) i elis 1.5h, 8
i, ZPELARIMAER A M A 1S h JREdls, B3Ry
A ER 2 h, JEE, 9@ UAFRER A& 1.5 h
FEyEL 0ol e I nFAENR 30 min, JEI,
23 AR R 7125 20 min B0 718, o 2 9K
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HPLC & 3 REU MRyl s Sb 3K $29h 5-%%
SRS R B IR N 5.07 mg/mL. AR KR AR
AT R EIR LN 4.09 mg/mL. 24 JH/K 24 hi
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Wl A FIEIRE N 2.2 mg/mL. HARZHERA A
JETE-80 CHRRIIRH, KHHEMH BRI,
HEGTERARR, WSKEYm AR
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Ro ANFAPEMLEE T FARBAES, RRERBEA
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FEGRE RS, FRE I 2R PO 2R R % 7T
R PBS VIR T B R 25K /I B AN 6 T
Bl E NIRRT, EHAE, A 5-0 RS
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g/kg) ip BRIERINSE, MBS B CR AR LA,
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Pk, HARTCE T80 CUKARMEAT -
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Acta2) 1 YR o 1 %% (collagen type I alpha 1 chain,
Collal ) i & J& & H Mg LM 1 (tissue
inhibitor of metalloproteinase 1, Timp1)- &5 4 J& Ik
12 (matrix metallopeptidase 12, Mmp12). Mmp13.
Mmp 14 1% AR K 3C A 2 (nuclear receptor
subfamily 3 group C member 2, Nr3c2). FALHEEE X
A& (retinoid X receptor alpha, Rxra). AFIRZE N
= AL Ak 2 ( prostaglandin-endoperoxide
synthase 2, Ptgs2)- ME A EE T 7>+ (vascular cell
adhesion molecule 1, Veaml1) MYEIRFEA ¥ (tumor
necrosis factor, Tnf). A 2257 L W0 & H W
(mitogen-activated protein kinase 8, Mapk8). AKT
22 BRI ARV (AKT serine/threonine kinase 1,
AktD) PlEHE NS5 K32 44 (kinase insert domain
receptor, Kdr) Mapkl4. {RIEVEWS BERRAZBE R 75
i 1 Chypoxanthine phosphoribosyltransferase 1,
Hprt]) BIYFHIWZR 1, LA Hprtl fERNS .

&1 5149F%
Table 1 Primer sequences
A SIS (5-37)
Acta2 F: GCGTGGCTATTCCTTCGTGACTAC

: TCAGGCAGTTCGTAGCTCTTCTCC
: TGAACGTGGTGTACAAGGTC

: CCATCTTTACCAGGAGAACCAT

: GCAAAGAGCTTTCTCAAAGACC

: CTCCAGTTTGCAAGGGATAGAT

: TGTACAGCATCTTAGAGCAGTG

: TATGTAGTCTACATCCTCACGC

: CTTCCTGATGATGACGTTCAAG

: GTCACACTTCTCTGGTGTTTTG

: TATGGTTTACAAGTGACAGGCA

: AAACTTATCCGGAACACCACAG

: AGTCCAGACACCCACGAGAAAGG
: TTGAGCTGACCAGTCACACCATTG
: GAGCAGCACTGAGGATATCAAG

: GAAGGAGGCCATATTTCCTGAG

R
Collal F
R
F
R
F
R
F
R
F
R
F
R
F
R
Prgs2 F: ATTCCAAACCAGCAGACTCATA

R
F
R
F
R
F
R
F
R
F
R
F
R
F
R

Timpl
Mmpl2
Mmpli3
Mmpl4
Nr3c2

Rxra

: CTTGAGTTTGAAGTGGTAACCG
: GACATTTACCCAGTTTACAGGC
: TGACGGGAGTAAAGGTTACTTC
: GTCCCCAAAGGGATGAGAAGT
: TTTGCTACGACGTGGGCTAC

: TTGAAAACAGGCCTAAATACGC
: GTTTGTTATGCTCTGAGTCAGC
: TGCACAAACGAGGGGAATATAT
: CGTTCCTTGTAGCCAATAAAGG
: GTCATGGATCCAGATGAATTGC
: TCTTGTCAATTCCAAAAGCGTC
: AGGAATTCAATGACGTGTACCT
: AGGTCCCTGTGAATTATGTCAG
: CCGAGGATTTGGAAAAAGTGTT
: CATCTCCTTCATGACATCTCGA

Veaml
Tnf
Mapk8
Aktl
Kdr
Mapkl14

Hprtl

2.7 GtFESH

i GraphPad Prism 8 Xt S 46 B w3t 47 4b
RO, G5 RUAX £s FoR, dIaRHBRERTT %
(One-way ANOVA) 4347
38R
3.0 M¥YNA& BRZGEMA D RS AIZREL. CLI
FEREE S AYIR Y

i TCMSP Hdfa e I NS AT 2,
TR R R, DL IR BOE I AN TR
#E OB=30% %z DL=0.18 AT A, FLAF3)115 1)
6 SR 30 NS 2WIE EE AL, EATIEIREL 7
ATEPERLTT LK 90 ADNZSTEIHE A, R BE3R
B2 ANETER A 31 NG EE AL 2GR
I 2 AMVEHESMEAS 52 NP R PERR ST
WK 2). WA EHEE R Cyctoscape 3.10.1 #
PRy BAT 9H B “ 245)-1E
PR PR B A7 2% (B 1), ilid X} Genecards
RN R, L3078 CLI ¥ 843 MHICHE T, 4
BR7E UniProt 24 2 Hh o X B 1D 5 Fobn i 2[R 44 1)
B, B3] 753 MR AL SRER)IES
HATEIE SO E, BAT S BRI R,
FAHB TR (RS PR R AR FIRE b o DA 26 24 3
PRI AT, JNE . BT B2 EAE AR
Iz, T R ) 25 B AT A R PR
32 JIIE. 8%, &3, BittES CLI 3Z&EE S/
SREX

W 25 BR 2RI HE s R R 5 CLIHE s 2R ] 73
ARNAEYE B2 SRR A 2 W, 153))11%E
5 CLI () 14 AN S . AR5 CLI 1) 37 M ac sk

R2 MANEHES 4 R PATEMER S

Table 2 Active ingredients included in four individual

herbs in network pharmacology

Mol ID B4 OB/% DL iR
MOL000211 T 7% 5538 0.78 [
MOL000358  p-%5 il fi% 3691 0.75 HA. 44
MOL000359 4 i 3691 075 JIIE. AN, b
MOL000422 1L 25/ 4188 024 HAj
MOL000433 & S 68.96 071 JIE
MOL000449 & {1 4383 0.76 #HE. HH
MOL000492 JL%%%& 54.83 024 A4
MOL001494 FiliER 4B 42.00 0.19 JI|E
MOL001918  AjZjH il 87.59 0.37 HAj
MOL001924  Aj#jf 53.87 0.79 AAj
MOL002135  #%#§Hd 40.60 0.51 JIIE
MOL002140 1| &g 65.95 027 &
MOL002157 JIIEZEENER 4231 0.71 JII%
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1 )IIE (A B B). #ihEFE (0). LY3 (D) EMERS RIEFAEE ML
Fig. 1 Network of active ingredients and targets of Chuanxiong Rhizoma (A), Paeoniae Radix Alba (B), Rehmanniae Radix

Praeparata (C) and Angelicae Sinensis Radix (D)

BN MUH5 CLI Y 15 MAC RS #uth?s 5 CLI
(15 MACER S RIS R amFHRE (E
2. GRER, NE. AA). ¥E. BHES NG
46.7%- 41.1%- 28.8%- 16.1%KI¥E s JE PR a] 15 F T
CLI. [k, W 4 wk243R8EH T CLL, {E)11E,
HATNT CLL T 2 R e eI s T 2400 Buthag
3.3 ETHA CLI {=RBEIE 4 FhEaIRAMIRE
A X 8 B IR 25 R 2R 3L
IR AL BER B, (AT )L S,
M35 CLI Z [MIAAERE fsC e, WO AE s
CLI AT HE, CLI fEBEAE HAREL 400 DL A
YR A, H—PEid BDL FARBIRAE
L CLI HPPAk BLIR 24 253
330 BAI NEL HIH. M CLI I SGEE

Ml 3 R, SHRFEARAE, HBAEH/ NI
J& ALT. AST iEMERZE A (P<<0.01. 0.001), £
BITERRAM A, BRSNS A%
PRITEAEANEREE B (P<<0.05. 0.001), {H
BBRZGRITT H 2 M ERIARE, REUD7 S HR
BRZGIRENGE CLI, HA A HMSCE RN R .

[EIF, %FMyEH ALP 3514 &% TBA. TBIL & &AM
SERRM, AAT N I, AR BEXGE BDL
75T PR E AR TR AR O . ZAth B0 ALP 1
TBIL S A R, A% TBIL BB AR, (57
EINCEER DRSS . AT NS ST R
T4, BB dE— PRI 7R HYP )
o, 435" BDL ARJE/NRAFIEHIL T BB AF
L (P<0.001), 3697 Ja AT, IS4,
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ALT/(U-L ™)

HYP/(ug'mL™")

AT

CLI

% CLI

At

B2 B% A, JIE B). H)3 (0). #i#tE D) 5 CLIEXEFE
Fig. 2 Venn diagrams of intersection of Paeoniae Radix Alba (A), Chuanxiong Rhizoma (B), Angelicae Sinensis Radix (C),
Rehmanniae Radix Praeparata (D) and CLI targets
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Fig. 4 Pathological changes in liver of mice in each group (HE, x 20)
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