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Abstract

Objective: To explore the mechanism of action and material basis of Sophora tonkinensis Gagnep in
treating liver cirrhosis based on bioinformatics. Method: Screening the potential targets of chemical
constituents of Sophora tonkinensis Gagnep by SuperPred database; Obtain the potential targets of
liver cirrhosis through GeneCards, DrugBank, OMIM and CTD databases; Venny 2.1. 0 was used to
analyze the potential targets of chemical composition of Sophora tonkinensis Gagnep and the poten-
tial targets of liver cirrhosis; Using String platform to construct protein interaction network dia-
gram (PPI) and import it into Cytoscape software to construct “traditional Chinese medicine-active
ingredients-disease target-disease” regulatory network diagram and screen out core targets; Through
metoscape database, gene ontology (GO) function enrichment analysis and Kyoto Encyclopedia of
Gene and Genome (KEGG) pathway enrichment analysis were carried out on the intersection targets,
and the core components of Sophora tonkinensis Gagnep in treating liver cirrhosis were screened out.
Finally, the core target of Sophora tonkinensis Gagnep in treating liver cirrhosis was docked with the
core component by CB-DOCK2 software. Results: The experiment screened out 85 active ingredients
with potential therapeutic effects on cirrhosis, as well as 46 intersection targets. The core targets
mainly include HIF1A, tumor necrosis factor (TNF-a), cyclooxygenase 2 (PTGS2), MAPK1, etc. GO
enrichment analysis involves positive regulation of gene expression, aging, and positive regulation
of the cell apoptosis process in biological processes. KEGG pathway analysis shows that Sophora
Tonkinensis Gagnep mainly affects cancer pathways, IL-17 signaling pathways, cell apoptosis, lipids,
atherosclerosis and other signaling pathways. Conclusion: The application of bioinformatics meth-
ods has predicted the mechanism of action and material basis of Sophora tonkinensis Gagnep in
treating liver cirrhosis, providing new ideas and clues for its further research.
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1. 5|

JIFBEAL.(Cirrhosis) & —FiE 2 g M P KR TR, SEUFIERIE . FrEeerdifh. B/hmt. ik
SET DL I A O A B B, F HLAR S B AL T R — R (1] R EF4EAb 0 v o A JB A
TR 06 22 2 B, o R L IR 41 (hepatic stellate cell, HSC) #9344, , 212 #h %2 i (extracellular matrixc, ECM)
E T M PPt 22 URRUR T RIT £ 4 Ak = LI [2] o TR Akt 4= RS 14 A5 2B o A0 AN AE T A 25 2 5L [ [3] o
BRI A A TRV, PR RRAE 38 116 J7 ABETS, JEAEKE WAL TR EE 11 fr[4]. ZHATHN
b, FRE PR L B L) 700 5, 45 B REEMAL G R T ™ BN PRI 5 Sl . ARG TE P R AR
NIRRT CRUR” L CEUK” 8%, —OAN, RUIEAL)E R R R e RS, I S T
[5]o (E=AED WEEH: SRS BB E 2RISR IR, BRSBTS -

1L Z AR (Sophora tonkinensis Gagnep) Jy & FBHE 1)k Fg AR 1 ISR AIAR 25, I 30 B4 A 78 A [ 2 g 35 A
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LB [5], . B4, BATERMRERDI6][7], (FEARE) skl SR jayriR i
L, AT SR I AR A R MR TS MR RS 147 MRy, BRI
Lo, RIFSEZ5E/ER8] [9].

P A5 B Re 8 R 22 10 GARTEYE RO VR TT PR AL AR F L, R BA 2 sy 258, £
TP IRE R, 29 AR AT — B R B S R T T AR R LR IR . AR SR A MR ORI
(R A7 BERIE S0 R, MBEAA K A ST 25 O F L), Dy 24 5 0 4 PR SR 1 SRR [10] . B TR
VG B3 R L0 AR 25 R0 oy S LV AEAE S A [11],  MEEAR I A FE R 2R AR 24 5 8005 22 [A] 1 R Bk
P, BB, 5o EGBEUSFHER B RN AT & [12], AdE—2ut 50l GG 7 /e
FABL 2 Ao ) L% 5 7
2. B E
2.1. LWEIRBHA S KRR BIIRE

WA 3 - FSEHEAR(LC-MS) IR F L BRI 147 N (W# 1). 12 Pubchem %d 2
(https://pubchem.ncbi.nlm.nih.gov) SREL 1L GAR A &8 7 smiles 5, HE K SREUFIEEY smiles ‘S 4 A Z]
superprediction %## & (https://www.rcsb.org/) H iEAT Ll 5 AR BE e () FOIE BT 45 B > 98% M #E 55 LA A LA

PIRE R XTRE ST &9 2 E, FIA UniProt 4 FE (https://www.uniprot.org) [13], FREFHA “Homo
sapiens” , WCHE LU SR IE 1 B A3 0 BB R ) R R 44

Table 1. LC-MS technology obtains the active ingredients of Sophora tonkinensis Gagnep
= 1 LC-MS BARRBULEREER S

No. Compound Name
1 5-hydroxymethyl-2-furaldehyde
2 L(+)-arginine
3 D-(+)-glucose
4 (-)-quinic acid
5 sucrose
6 D-gluconic acid
7 DL-malic acid
8 melezitose
9 cytosine
10 stachydrine
11 cytidine
12 adenine
13 ecgonine
14 citric acid
15 nicotinic acid
16 D-(-)-citramalic acid
17 cytisine
18 uridine
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

DL-O-tyrosine
9a-hydroxysophocarpine
guanosine
2-hydroxy-6-aminopurine
sophoranol

N-gulcytisine
3-hydroxy-3-methylglutaric acid
L-isoleucine
9a-hydroxymatrine

gallic acid

thermopsine

allomatrine

caffeic acid
2-amino-L-phenylethanol
phenprobamate

sophocarpine
N-formylcytisine
4-hydroxyphenylpyruvic acid
2-(2-hydroxyethoxy)phenol
7,8-dihydroxy-4-methylcoumarin
pantothenic acid
140-acetoxymatrine
oxymatrine
(8r)-3-(4-hydroxyphenyl)-L-propanol-2-O-$-D-glucopyranoside
maltol

5a-hydroxylemannine
N-acetyl-5-hydroxytryptamine
D-(+)-tryptophan
1,5-diaminonaphthalene
3-indoleacrylic acid
L-tryptophan
3,4-dihydroxybenzaldehyde
N-acetylcytisine

daidzein-4,7-diglucoside

(e)-4-hydroxycinnamylalcohol4-O-[2'-O--D-apiofuranosyl(1"2")]--D-glucopyranoside

coniferin
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55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

Val-lle

kalopanaxin D

3-hydroxybenzy! alcohol
1,6-dihydroxynaphthalene
1,4-dihydroxy-2-naphthoic acid
90,14p-dihydroxymatrine
50,14p-dihydroxymatrine
N-propionylcytisine
4-hydroxybenzaldehyde

isomangiferin

esculetin

puerarin

naringin

kushenol O

puerarin apioside

quercitrin

naringin dihydrochalcone

syringin

(6S,9R)-roseoside

geraldol

daidzin
daidzein-4'-glucoside-rhamnoside
cinnamic acid

coniferyl alcohol
kaempferol-7-O-neohesperidoside
pinoresinol diglucoside

sinapy! alcohol
pinoresinol-4,4'-di-O-p-D-glucopyranoside
erybraedin D

glycitin
3,5-dimethoxy-4-hydroxycinnamic acid
secoisolariciresinol-4-O-4-D-glucopyranoside
syringaresinol-4,4'-di-O-p-D-glucopyranoside
vitexin-2"-O-rhamnoside

isovitexin

calycosin-7-O-$-D-glucoside
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91 spinosine

92 sophojaponicin

93 apigenin-7-O-p-D-glucoside

94 hydroxyecdysone

95 narirutin

96 syringaresinol-4-O-4-D-glucopyranoside

97 narcissoside

98 diosmin

99 azelaic acid

100 medioresinol

101 4',6-dimethoxyisoflavone-7-O-beta-D-glucopyranoside
102 (3s,4r)-4-hydroxy-7,4'-dimethoxyisoflavan3'-O-$-D-glucopyranoside
103 swertisin

104 lespeflorin B4

105 6-hydroxy-7-methoxy-4-phenylcoumarin

106 ononin

107 N-hexanoylcytisine

108 genistein-7-a-L-rhamnopyranosyl-f-D-glucopyranoside
109 (+)-abscisic acid

110 dimethylfraxetin

111 sebacic acid

112 3,5-dihydroxybenzy! alcohol

113 juglone

114 maackiaine

115 trifolirhizin

116 2,6-dihydroxy-4-methylbenzoic acid

117 syringaresinol

118 calycosin

119 6"-O-acetylglycitin

120 7,2'-dihydroxy-4'-methoxy-isoflavanol

121 (6aR,11aR)-3-0-p-D-glucopyranosylmedicarpin
122 4-anisaldehyde

123 trifolirhizin-6"-malonate

124 4-hydroperoxy-2-nonenal

125 subprogenin C

126 undecanedioic acid
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127 butesuperin B-7"-O-f-glucopyranoside
128 corosolic acid

129 ursolic acid

130 9-ox0-10e,12z,15z-octadecatrienoic acid
131 betulinic acid

132 maackiain-3-O-glucoside-6"-acetate
133 trifolirhizin 6'-monoacetate

134 soyasaponin Be

135 3,4-dimethoxycinnamic acid

136 dodecanedioic acid

137 3,4,5-trimethoxycinnamic acid

138 9-0x0-10(e),12(e)-octadecadienoic acid
139 4',6'-dimethoxy-2'-hydroxyacetophenone
140 lupenone

141 6-gingerol

142 12,13-dihydroxy-9z-octadecenoic acid
143 spiculisporic acid

144 oleamide

145 (-)-carveol

146 4-methylbenzyl alcohol

147 lupeol

2.2. FFREALAYHE S mAYIRER

PL “cirrhosis” Jyoc#ia], 437 M GeneCards #5 4 % (https://www.genecards.org/) [14]. OMIM %3k [
(https://omim.org/) [15]. DrugBank #§ 4 FE (https://www.drugbank.ca/) [16]. TTD #t# % (http: //db.idr-
blab.net/ttd/) % AL AHOCEE S ATHE &R, A IFLBREEILRG, WA CHIEE S, FIH UniProt 2 P& 4
FIT A JH RSB A ) 59 B AP B 1 A e 3o B TR 44

2.3. ML RERRE{EML(PPI)

B AH R S AR 2 A O HE AN venny2.1.0 FIREFE[17] TR AR S, KB E SN STRING
(https://string-db.org/), —A~F T8 5 S50 A i 2 18] A0 TN 2 (0 2 (8] A B4R P G R 45 [18], W B4
RN, AR BB E N 0.900, FRuAlor e, Nty ok, #EE A BAEMZPPI.

24. ¥ “HhE-FEMRS - R - R IR E

B EH AT STRING s M@ EAMAEAERMYS, K PPl M4 5 AN Cytoscape #fF, FIH
CytoNCA #fiff:, 3543 Degree {H[19]0f 1% HIAZ Lo HE p,  [RIRF A “ FR 24 - SRS — F0m B 0 - 50 ™ A
HAEFH M4 E .
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2.5. EEXREGO) BESTAREAERSERAEN LB (KEGG)BREES

N7 W T L SR YA T R A I S A O R AR E R, L SRS R AR N
metoscape % (https://metascape.org/) X SR 15 I s 1E 4T GO ‘& S0 HTFl KEGG il % /At &A1t
£ (biological process, BP). 4rFIffE(molecular function, MF)F14H ffi 2 43 (cellular component, CC)% 111 & 4
TBIT AL A s AT GO A R E & M. BL g (X GO 1372 ) KEGG 1@k dt A7 Lhee ke, 4 lik
HURT 10 o7 AR A4S B (http://www. bioinformatics.com.cn)i#E47 AT HRAL 20 0T, 258 T LU AR VA 97 R4k,

(K173 11 AL o
RS A 15 3\ metoscape 4 2 Hh ik H b 253697 00 1 2 EHE PR ) .
2.6. aFXE

BT pubchem %dE 2 (https://pubchem.ncbi.nlm.nih.gov) SR EUIL &4 () SDF 45443044 LA & Uniprot 34
J (https://www.uniprot.org) 3k 3 52 4 f¥] PDB &5#4 3014, 12 A CB-DOCK2 AT 40 T X 2.

3. &R
3.1. WERBHAE S Tk 5 L T

LA (i - BTRE I R (LC-MS)HL 3R 45 1L AR 147 ANks3, T superpred $dE FE AT #6 1L &
MRS VR R i, R 1HE B & probably > 98%(IHE s, & IF. 2 HAF 3] 47 AN AL L RO AR AL
AIAEIRST VR 85 ME RGE LR «

3.2. FFRELEREERT

B GeneCard %#5 /2 - OMIM %(4f & . CTD %4 /22 . DrugBank £i4 22 43 7 35 A5 A AL AH DGR JE [A],
XSPIRTF AL s B AT A 00 L, S8 ERTT 37,585 MTFREALAH IR 4 F R ESRELE
FRADFFRE AL (A2 R 4 57, B Ll EAR PR REAL IO A RE S (L K 1)

ST liver cirrhosis

37585
(99.9%)

Figure 1. Intersection target of Sophora tonkinensis Gagnepand cirrhosis
E 1. WERFIFFRELEY AT SRR

3.3. “RF-FEMMS - BRER - BR MEERMEEUK PP o4

JE I metoscape HHE e T HY LU AR A YT AR IR A O L2 i 2 EF (naringin) Al B2 25 1 (narirutin) «
Wil Bz 7 (quercitrin) « - 111 23 9y -7-O- 37 15 52 B 17 (kaempferol-7-O-neohesperidoside) . 4,5- — ¥ £ -y-+ 1. 4 fig
(spiculisporic acid), F|FH#fiff CytoNCA i it FEAE /N34T L ARG ST FFEAL 1) 8 AN Z LR fiy LAl L A
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% 2 (interleukin 2, IL2). HIF1A. HRIRFER F(TNF). SHAE A 2 (PTGS2). MAPK1. MMP9. MTOR,
TP53. fE “H 2 - 3T RI; - W A - 7 B 131 AN, HAORIE T A A 85 4, ok
BT EEH 46 MNLE 2).
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i HCAR2 DUSP3
guanosine 14a-acetoxymatrine
5a-hydroxylemannine (6aR 11aR)-3-O-p-D-gluicopyranosyimedicarpin T, BM
trfolirhizin conffordt % MARK 1
aloohol
sophojaponicin spinosine e D
daidzein-4,7-diglucoside 48 7-0-beta-D
oM TOR2A
7.2-dihydroxy-4'-methoxy-isofiavanol c::;f R el
trifolichi
%xo—!o(emz(e::c&adecadmmm s "r:o n;a :r:ale RaRC HSD®E10
s REGQL 1ppq APEX1
geraldol 2-amino-L-phenylethanol
calycosin-7-O-B-D-glucoside lupeol
3.4-dihydroxybenzaldehyde kalopgnaxm
hydroxyecdysone 4,4-di-0-8-D
vitexin-2"-O-rhamnoside 05“2. 4 cmydmxy-z-r‘\;%?\%x:
COrOERUS-tyrosineid
Vaklle ononin o OO '
liver
cirrhosis
daidzin
g,
dlosnhn Bmaackiaine
medioresinol melezitose
puerarin N-acetyl-5-hydroxytryptamine
subprogenin (+)-abscisic
Cc aci
¢~-O-acotfighycitin 3 4-difrie aaxycmnamlc
kushenol 3-hydrosy S-methylglutaric
o acid
MMP1
KDNKE MMP2 D-gluconic -
oA [rail X 4'6'-dimethoxy-2-hydroxyacetophenone
HSD#B1 LMNA isomangiferin azgplc
acid
erybraedin
MDM2 TNF 5 cytisine
MR HMOCR stachydrine D-(+)-tryptophan
"’s";:m" dimethylfraxetin
Cifginz St puerarin dodecanedioic
apioside acid
CHRNA1 TSHR apigenin-7-O-B-D-glucoside <
acid
CHRNB4 TPS3 isovitexin phenprobamate
swertisin L-tryptophan
OA1 NFE2L2 nicotinic
kaempferol-7-O-neohesperidoside 3
CAr2 NF§B1 undecanedioic ST
cA9 ALOX12 i Y
HIF1A add naniggin |
Spiculisporic L. sebaciduglone
acicnaringiH

aciguercitrinacid

Figure 2. “Traditional Chinese medicine-active ingredient-disease target-disease” interaction network

2. “HREh - EMERSY - BRREER - AR R EAR R 4 E

3.4. GO #1 KEGG BE& T

JEid metoscape i 2E 1) GO /#1732 GO 2% H 224 4™, BP % H. CC 4 B il MF & H &AM
FEECAT 10 BOHEAT PR (L 1] 3), 45 57 Ll S ARYA T AR A4 P 300 it o A rp 7 6 R R ) 1 [ 1328
A RPE T AR IE R R A R, AR TR RS Sy, MIFIME ARG A . B
T4 MERBEKRESGS 7 T, KEGG i fd BI40M(E 5 iEik 98 4, AT 10 @ /E vl
TARIEST AL ) E IR T AT E 4), S5RRW], EHEESEZ MBS N IL-17 F5@%. 41
MR T MRS B FE AR A IR S, R 1L SAR AT BE S B I RS S R B RE AL AR

3.5. OFXHHELE

YRR S0 U 0 T A R (AR 2). 40 X7 TxifieR &b, 4hifae <—7.0kcal-mol™ fy3t
25 %(62.5%), 7T —7~—4 kcal-mol™ [J4 15 Xf(37.5%), RIAHE 58 F0Ml (1A% O 8 i 5B AE o 39
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Figure 3. GO enrichment analysis
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Table 2. Docking results of active ingredients and potential target molecules

T2 EMERSERELERD TIERER

D% MTOR HIF1IA PTGS2 TP53 IL2 MMP9 MAPK1 TNF
naringin -9.6 -8.4 —6.8 -8.7 -7 -95 9.2 -7.7
spiculisporic acid -6.1 —6.8 -44 6.2 -5 -6.2 —6.9 -5.4
narirutin -10.2 -8.38 -71 86 -72 97 97 -7.9
quercitrin -9.3 -8.6 -64 66 65 -84 -8 -7.1
kaempferol-7-O-neohesperidoside -9.7 -8 —6.5 -86 71 92 -9 -7.8
B S E R .
4. ¥ig

AW CAADE B bl b L GARBUFRE AL AT T 40, 0k L SRR T AR A 3 A
FiA 52 FF (naringin) . A R 25 A (narirutin) < #i B2 FE (quercitrin) 1L Z3y-7-O- 5 i K2 bE 1 (kaempferol-7-O-
neohesperidoside). 4,5- ¥ %&-y-+ T B (spiculisporic acid) 5 MFE MR o hil R T e —Fh B HLEAL, $T
RYEA, PLRFIPURRE MG, Be0E TR th AN R 255 L I B 5 o A Bz T R kD AT 2 14 4 i
E[20], Bk HFRARGIMI(HSC) e sk, FBURIEE A& s, ECM & BRI KB, B ik FF4F
YA R AE[21] o W R P DU /KR S S A A R 3. DRI, B 1 P AR 1 2 M R R AT A0
Wt R, Wit A6 MMP-9 JKF, #0%] ECM BITERL, MM RIESIR . e 4etb/Ef[22]. t4t,
Wit Rz R BRI E NG HIR I . RE EEAARAL . XF AOELR R T B BRI HIE R, BE A RO AT
JIE RIEMEFAEAG[23]. BEFLRI, M s 0 — B R IT AR, MR E VR i s R AT e, b
WAL IR T A F IS A RS0 IE .

FI R B, SR AEE R T A4 &K 2(1L2). HIFIA. FRESRIER F-(TNF-a). SFE LT 2
(PTGS2). MAPK1. MMP9. MTOR. TP538 ML 4l s REEIRST IR IIER, PTGS29(MM A AT 2)Z
5T R 4eAb it EZ R EALE], BlingehE . WO MARIELE, PTGS2 i NIF A &1 2 (COX2), &—
TR RCHE, AR SRR GTERSE A2 —, PTGS2 25 T LA EE AW HLE], lin&aE. W
ML . toh, 0B AL B M, PTGS2 2 FH Kik. XERIEKW, PTGS2 it
JEFE TR RIE N, FEUFLT AR AL AU (E T 4EAL IR e h BoAT Tz i R B AR F [24], 40
il PTGS2 AJ BRI AT AE 2 M B 47 [25]. TP53 (iR &R 11 p53) & Rl Jje A —Fh B ZL s 2[R, AT 17p13
Gt R X3, H At ps3 &m0 8 . ik DNA B, Hl4iaffJa . #an pb3 & g
PEMRAG, THLAARE SZ A5 S DNA B8y, v p53 a5 T I $IE A5 IR (1) 3Rk % S Al 9 121 26]
TEIFAF YA R R, p53 BARIA RS L, Wi ESh A E A, AT, IR T4 4
HHIBERE[27]. SRS R T 1a (HIFLA) R — e R, PRGBSO 21 4k A R A I I AHL 2340 Tk L L B3R
ARE, FHEABEE ST la (HIF-1a)F AR N[28] [29]. S & H B4 IH S K7 B8 Inid AT 2 08 . £F
it EEMRIRKEFKIE. TNF-o (FIE)A—FEREF[30], S5HFIRIE T A 4EA0FE B DIREOG,
TEIFREAL I R AR R R 5 5 I B -AE ZIG 3R, s TR E ECM & ORGTRL, A S B0
YA BT . FTAF4EAL AR RAA B, AT SN TNF-a FHEAEEGE 2, 10 1E % BT 23 e sk A
DEE[31]0 TNF-o0 /KPR AT S SRR EE[32] o 1L-2 (S A B B BT ¢ (R 7 RS B 15 1R 70 T
BOEMMR L, S 5RAN RERNE RN, HRIE KT B AT A R FE IR 3 vy, a4 JHE 9 980RE K
JEEANR 5 G D BE K & HE LT AP 4R T [31]. Napoli T 25[3310F 7t & B, 7 T REAL I L =10 TS I
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HIT S B B R B VAT I, IL-2 Rk KPS BT . MAPKI1/ERK2/ERK fF A 22 34 J5 8 (5 AL BB (MAPK)
FRMR A2 —, HELEDREEFE R TYIMIEGE . /4 BT, MAPKL B[Rk B e it T 2 44 i)k A=
[34][35], MTOR (JH12)2& — P22 MR/ AR E e, R ERES . WITHBRAKSEHEPEE R
EEVERIVERI[36]. TS ARAN B(HSC) 2 LT 4E 20 i (1 E RS, mTOR i B2 W0 5 85U IR UL AF 4 41
MERIE I, MG HSC JH TS, I dE4F 44kt 2 [37]

Zi b, ARWEFEE R W] L GO S A G ST B8 Kol KE (naringin) AR 25 F H (narirutin) o A R E
(quercitrin) &G M A2 DA R 4RI A 2R 2 (IL2) HIFLA. IR RFE R T (TNF) 48 A 8§ 2 (PTGS2). MAPK1
GHUbR, AW T ADE B RETL G AR T REAAE RS, B T 2 Risr . 280 R 5T A 4%
MEAEH KRR, Ntt— B IF R R S h it | Bk .
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