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Abstract

Objective: Based on network pharmacology analysis, the potential targets and signaling pathways
of Yintai Yanggan Formula in treating drug-induced liver injury (DILI) were identified, and the spe-
cific mechanism of its treatment for DILI was further elucidated through molecular docking tech-
nology. Method: The active ingredients and targets of Yintai Yanggan Formula, as well as disease
targets related to DILI, were obtained through the Traditional Chinese Medicine Systems Pharma-
cology Database and Analysis Platform (TCMSP), uniport database, GeneCards and OMIM database.
Use Veeny 2.1 online tool, Cytoscape software, and STRING database to draw Venn diagrams, drug
target interaction network diagrams, and protein-protein interaction (PPI) networks, respectively.
Perform GO and KEGG signaling pathway enrichment analysis using R software and Metascape plat-
form. Molecular docking validation was performed using AutoDock and PyMol3.1 software. Result:
75 potential active ingredients and 215 action targets, 197 compound disease intersection targets,
and 21 core targets were obtained from Yintai Yanggan Formula; KEGG is mainly enriched in the
signaling pathways related to lipid and atherosclerosis and PI3K/Akt. The molecular docking re-
sults showed that the key targets AKT1, TNF, and TP53 were stably docked with the main active
ingredients quercetin, baicalein, and beta-sitosterol. Among them, AKT1 has the best binding affin-
ity with beta-sitosterol and quercetin. Conclusion: The active ingredients such as quercetin and
beta-sitosterol in Yintai Yanggan Formula may act on targets such as AKT1 and TNF, and play the
role of anti-inflammation, anti-oxidation and anti-apoptosis, and participate in the process of liver
cell activation, proliferation and differentiation to treat drug-induced liver injury by regulating li-
pid and atherosclerosis, PI3K/Akt and other signal pathways.
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1. 518

2tk 450 (drug-induced liver injury, DILI) @ A\ A% #1552 25 %) Ja B 2502 B B AR P 0] i
I 7 A B R B 5 T 1T 5 | RS P P43 [1] o — TOUAE b (BT J 1) 22 HhoCo [l PR 7848 7, DILL 753558 AR
HH S R ik 23.80/10 Ji[2]. M2 R, HRE M DILI & 2R i s+ 76 77 B &K [3]-[6]. DILI IR %
SO HZE FFpa, BEZEpm g AR, IO 2 BRI R 2 HAL[7] [8]. HET, DILI
(a7 B E T XPRER YT, Mt R R 29 F o] R ik — D I s AR 0 4R 4H, T e ML A 5
() DILI R AR VA7 N 7 7 AU R R [9] . P EEAE I E A 2 TR BT 5, R AR 3 4 [10]7E H %
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TrfEh S HaE EEAEM, 2500 KRARFHRMAEAI[11] [12]. HEEILCN, DILI Rl T24EREAN
&, BHIRG%, st BEITZHEIRF. MR, T s, BB UL T
iz, HRHEMANE, HRNEOUTEMEE, B, DILI BIRREIE PR “3E” PR
“RESFT CHEWET CRRERY IR SERPIEMWIG . KRERIRKET BRI, PRI, S0E
FIRETT T AR 2 25, HAE FINLER) 2 05 2 L R AR AR [13] o TR TRITTT R4t X R SEBR AR IR T 152
THITTA, T EARARERIE IR, DS BRI T, MA@ IR k. 207 PR SN 2,
HrP R TR RIRIE 2 18, HANRIR SR 2 AL, WUy 35 . 3 W ATE VR, V5 K. mZGaH,
AR ARR AN . TR, R RN G SEIVE N B, HBNE 253G AR, RN HeA s AR, 1hJm
ZIR IS AR RE . KTS BN, AR, KR B AT IR LS 2
. RYEE, LT BORFRIT T EIRYT DILL 7R AR IR, H AT TE 2 A2 4L, Bk
21 ARG SRS UE I AT . A% T, AWHTEEU) T8 I 25 L2 K 0 1 RHEROR, W PR IRAT
TIEIEIT DILL IR b AT AR A S ki S EL T R A5 5 I AT IR AN TN S 4R 7E, - DUHR 2R Ho A L
i, AT D27 B PR B B (S e SR B K e 5 5%

2. #IRE I
2.1. MRHIBFHFR

2.1.1. BIKFRFF MR REE(DIL)ER IR

i o 24 22 48 24 B 24 048 13 5 43 #7°F & (Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform, TCMSP, https://tcmsp-e.com)##z 22, LA F1RF F F% (oral bioavailability, OB) > 30% H.2
ZPE(drug likeness, DL) > 0.18% 9%E3K , Fiiiide & 29445 & 2 A (13E 14 7« K uniport (https://www.uniport.org)
HHEEE, Y5 “Reviewed” F1 “Human” sk, MEATVERARLE, EBRELD MMIMAR 2 KT 7 1A
R RSy Rt A F#E f5 . E GeneCards (https://www.genecards.org). OMIM %4 P (https://www.omim.org)
1 “Drug Induced Liver Injury” #4742, GeneCards 33 FE i 6 270 K TP AT B E 5, L2 E
JE1E 3] DILI 4 HEHE A5

2.1.2. 2549 - FEMR S - R - RRMEGE

FIH Veeny 2.1 728 1. E (https://bioinfogp.cnb.csic.es/tools/venny/index.html) 3R U 5 77 5 DILI (A2 4E
B, JRe F Kl it Cytoscape3.7.2 BRI “ 254 - WG VERLSY - BEAL - O IERIA], X3 ELE
PE RS HEAT 12 o
2.1.3. EAEIE PPI MK

K PRTRIF 7 I HE R R 5 DILLAHOGHE s i S SR B 3N STRING 12.0 #ids 2 (https://string-db.org)
4% PPI (protein-protein interaction) i £% , )4 1% £ A\ 2% (homo sapiens), B & Bk I 1% HL 0.7 (51 EAS ),
e B MR, AR EOREAMCES, S PPI M4 E]. L5 RSN Cytoscaped.7.2 #ff, Jlit
CytoNCA iff:, 4/ %{# (Betweenness Counts, BC). 3% % & (Closeness Counts, CC). J¥1& (Ddgree Counts,
DC) I ALAE P4 EAT IR IR JS , ANITTAS 2AZ OB A
2.1.4. GO Tigt EHRM KEGG BHEESR

FIF R BAEH clusterProfiler. org.Hs.eg.db. enrichplot. ggplot2 &%t 2 clusterProfiler &%)
enrichKEGG iR 1 Metascape #(#/2, LA P<0.05 J2&fF, XS PARIEIFIAIT DILI IV /ERE sU3EAT GO
(4= i #5 (biological process, BP). 43I fiE(molecular function, MF) A4 g 243 (cell component, CC) & %
SrHT AN KEGG 15 S IB B & 04, FFxf LB 5 SR AT Ik .
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2.2. X

M pubchem 4}  (https:/pubchem.ncbi.nlm.nih.gov/) F N Ead MRy /N T 2D S5ME R, i@
ChemBio3D Ultra 14.0 Xf /Ny F#EAT 4k, 4k Jy 3D S5 IF4R1F . 5B Unitport i ek R B E 1)
ID 15 /2, ifiif RCSB-PDB %4 2=~ #ouf b ) 8 45 K (5 B, A PyMol3.1 LR & A P IR AN T
SR J5 , FIH AutoDock Tools 1.5.7 A% /N R HEAT INEAL 3L, JFSFRE B EER . &5,
JEL AutoDock Vina 1.5.6 Fil PyMol3.1 # 4 xt & A FV/IN T 3047 531 b e Al MEAL AL 2

3. R
3.1. MBHEBEESHT

3.1.1. BKFRAF AR5 (DILEE R IREY

il TCMSP L3RS o KR id ey 75 A, HAPpile 12 A, 3% 36 /> 2880 17 A~ 29
BAAN, BRES AN, RTS8 ARTA RE 204 HH 24, KR EdR S MEE,
UniProt $#i FE iR &0 € T 215 520 N HE U . il GeneCards. OMIM ##i 2,  JLIRELF 254
S48 17 HE R HE R 6179 A

3.1.2. 254 - FEMER S - B - IR AE

I Veeny2.1 fELE T H, KE 71 215 AN AL 6179 ML AL, FemlHRE, 525
KFEHFITIBIT 2900 FF 3545 B S8 5 197 4, WL 1(a). @il Cytoscape3.7.2 BAE4 ] “ 259 - iE MK
gy - BRSO MR, LIRS 275 AT R 942 2510, WL 1(b). Degree {EHESA AT T £ g
PEALEY), MU MOLO000098 [ 5 % (quercetin)]. MOL000006 [A & # % (luteolin)]. MOL000422 [1112%
1} (kaempferol)]. MOL000173 [{X #& % 2 (wogonin)]. MOLO000358 [5-7+ i i (beta-sitosterol)]. ik @i %
FERITE LA P T RELE DILI FTRTT P R 35 Bl 1 24 A0

3.1.3. PPI RI4E 5 #7 B Az U8 R ik

FETIRILEIR) 197 MRS, 5B STRING %048 FEREAT PPI ISR EE, 14815 196 15 A
11485 &30, WL 1(c). # PPI M2 5 N\ Cytoscape3.7.2 %44, i@id%} BC. CC. DC ATk )5, &
33 21 MZOEE R, WIE 1(d). Hrhr, Degree {B 375 W26 th 5 U AR EREL, FE4A AT 5 MR 5 0 2
TP53. AKTL1. IL6. TNF. IL1B, W% 1. RS T M OAE, RN KRN 71697 DILI )
FEAE R A

3.1.4. GO IR E&F KEGG EE S

I R AT Metascape #i 5, LA P < 0.05 AFfEFAF, XF 197 NS AT A = E T .
55 2797 % GO ) #r% H, Hrh BP 2446 4. MF 226 4. CC 125 %% X 181 % KEGG i . EHHE4 AT
10 M ZhREFNHE A4 AT 25 FE RS, KA R X & RgAT Ik, 7332l GO %I KA KEGG i,
L 2(a)s B 2(b). Hrb, KEGG &4 S £l 0 S pi /A B 402 57, TERR R 5 B kR AR i ALAS
S A A E A E 3 TR,

32. PFIEER

¥ degree {EHEAA AT 5 AL O L RIS HT 5 HUFTER N HEAT 70 70048, JHEFIPRAREE AR I 4, 280
REMERUG, Z5aBAaE. mid 4 mHL, SETERD 5 AKTL 858 RdF, SRERERIR. 2, AKTL 5 g-
B HESE ROV, BURBOLER, WL 5. SERERM], S% O R R AT B R TR 7 i R oy T o
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Figure 1. (a) Venn diagram of the targets of Yintai Yanggan Formula and DILI; (b) Network diagram of “drug-active ingre-

dient-target disease”; (c) PPI network diagram of potential targets in the treatment of DILI with Yintai Yanggan Formula; (d)
Core target PPI network diagram
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Table 1. PPI degree values of common genes in the treatment of DILI with Yintai Yanggan Formula
# 1. EXFA AT DILI £EEE R PPI B
No. Gene Degree No. Gene Degree No. Gene Degree
TP53 76 HSP90AAL 51 14 CCND1 41
AKT1 65 9 BCL2 49 16 FOS 39
IL6 64 10 MYC 49 17 RELA 39
TNF 58 11 ESR1 43 18 CXCLS8 37
IL1B 58 12 PTGS2 42 19 MAPK1 36
EGFR 57 13 MMP9 42 20 EGF 33
CASP3 55 14 H1F1A 42 21 MAKP8 33
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Figure 2. (a) GO bar chart; (b) KEGG bubble plot
[ 2. (a) GO & HE; (b) KEGG SiBE
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Figure 3. Distribution path diagram of key targets on lipid and atherosclerosis signal pathway in the treatment of DILI with

Yintai Yanggan Formula
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Figure 5. Docking diagram of AKT1 and f-sitosterol
[ 5. AKT1 5 p-& HEEE X E

4. ¥1ig

I X 2% 2B AT 5 RO, FRATTTRI 1R OK IR AT 5 AR IR YT A e (DL i R,
BRI B S 8 5 S Sh R EERELL . ZBUHT % . AGE-RAGE 15 3B B A1 PISK/AKt 2545 53 B AH G Bk . Ik
b, %07 I EEVE L R EE RS g S A S . i PRI, RENE b AN ER T, Hh
TP53. AKTL. IL6. TNF. IL1B fEAZOEESF SR RBRER. ILEE. GIER. f-B R
HaSE IR R o

AHOCIE R BT, DILI AL 0] B85 A SEBOR 98 0E SN AT 5K [14]. Akt & —Fh 22 2 R/ R IR B, 2
Pl LN, BT AU AN AR K AR ek ST L AR T BRI T ) B A FH [15] - PISK/AKT
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TSR — PR AT OB IS S IE R, TSR AORE . AR, AR T A0 AT RN A A A S
FE[16]-[18]. —Fh#r Y PIBK i 7 HS-173, mIJ&55 HSCs Al CCI4 AbFH 1) 25 Ak /)N B3 JH 22 AR 4 B 1)
WA, NTTZE AR, FopL Sd i PRI Akt 2 k40| PISK/AKL 15 5@ 1%, MM 4n g i 3
FERI MG FEA 22[19] [N, PISKIAKTL {5538 M ml A f2 ARAQ I 3L A, Somi AT AR FG 05 ) & pl s BB 1%
fif %5201, 1ZIEE T AES Lipid and atherosclerosis JE R E PR FEIEH, MR DILI (IRAKE; HIK,
PI3K/AKt {5 5 il % Be 4t 2 Fh S AL I 40 B gl el s M B s . 0 f5 Akt nld@ i R A/ S AE K R+
feIETE . B TR SEGUR I 1E F [21]-[24].

BB B AT E RA DU PUEL. DU BRI ARSSE 2 A2y BRAE FH[25], L rT B2 P MK TNF-o
SEJRER FHI/KF, I PIH] LPS/Gal N i 51 Toll #5214 4 (TLR4) AL F-xB (NF-xB)fIid Rk, M
T A AR ST S B, X IR 22 W /D- 28 5 1 FLHE 5 5 10/ BRI 40340 R 3 R V6 97 A 2%t [26] . TNF 7
R HF RT3 5 B A0 O T IR E A U T ARV 2 AW IROBL[27] . TR, - S AT 6 R O IR
(dimethyInitrosamine, DMN)7 5 {1 I35 15 5 — 52 2 E FH [28] -

i & B R AL S R, BARGRMPUE. B E HE PRI, B s & RS
ERI[29]-[31], HPiFEE. PiRA. PshlkshiEEaiiL AV Fin s S PG < [32]. WFR K, it
o] I PR BB B ST RN S AR, D T A TR T 1) S A 497 5 a8 I PIBK/AKE T8 I A AL
PU A ATPTA B I T A B SR T A T B s e ) 12 00 R R v SRR R TR S 5 1 B RO R i AL
[33]-[35].

gi FRTR, BORIRI T HT9697 DILI BB 2. 285 R 2@ rer s, AL T RS 5 77 Hh Aot
R A SRR S, TEFT AKTL AT TNF 2888 5, GBI S s Bl FERE AL . PISK/AKL 45
FTEE, REPLR. PUEACRIPTAI A T RE R LS 5 P S A B TE AN A R TR BV T
DILI B1EF o AT Fad e X 45 24 B 2% R 38 /s 1 K IR T 5 Y697 DILI IR, G B TS R 2578 DILI 1)
N, X NP R AT e T SR AL TR RS, H H AT s Z sEER R ISR IX — 4518 .

e HE

BB TR “X—” BHLI, 4i5: 202302AG0003.
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