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nonalcoholic fatty liver disease (NAFLD) based on network pharmacology and computer-aided drug design.
Firstly, the potential ingredients and targets of HGNP were identified from TCMSP database, Swiss Target
Prediction database, Chinese pharmacopoeia (2015) and literatures, and then the targets of HGNP intersected with
NAFLD disease targets that obtained in GeneCards database to acquired potential targets. The bioconductor
bioinformatics package of R software was used for gene ontology (GO) enrichment and Kyoto encyclopedia of
genes and genomes (KEGG) enrichment analysis. The network of “potential ingredient-key target-pathway” was
formed in Cytoscape software to study the interactions between potential ingredients of HGNP, key targets,
pathways and NAFLD. Based on the results of network pharmacology, the molecular docking analysis of the key
targets and potential active ingredients in HGNP tablets with top degree in the network was conducted using
Discovery Studio 2020 software, followed by molecular dynamics simulations, binding free energy calculation,
drug-likeness properties analysis and ADMET (absorption, distribution, metabolism, excretion and toxicity)
properties prediction. /n vitro, HepG2 cells were used to establish steatosis model, and the effects of five key
compounds on hepatocyte steatosis were analyzed by oil red O staining and triglyceride (TG) content
determination. The results showed that 141 ingredients and 151 potential targets were obtained. A total of 2 526
items and 151 pathways were identified by GO and KEGG enrichment analysis. The molecular docking suggested
that five components, isorhamnetin, salvianolic acid B, emodin, resveratrol and rhein, exhibited strong binding
ability with key targets [retinoic acid receptor RXR-alpha (RXRA), tumor necrosis factor (TNF), glycogen
synthase kinase-3 beta (GSK3B), serine/threonine-protein kinase 1 (AKTI1)]. It was further verified that
isorhamnetin and salvianolic acid B bind to key targets with good structural stability and binding affinity based on
molecular dynamics simulations and binding free energy calculations. The drug-likeness properties,
pharmacokinetic properties and toxicity of five key compounds were more comprehensively analyzed through drug-
likeness properties analysis and ADMET properties prediction. /n vitro, all five compounds, isorhamnetin,
salvianolic acid B, emodin, resveratrol, and rhein, improved hepatocyte steatosis of HepG2 cells, confirming the
reliability of the present study. In conclusion, based on network pharmacology, computer-aided drug design and in
vitro validation, this study investigated the mechanism of HGNP for the treatment of NAFLD at multiple levels and
provided a basis for its clinical application.
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Table 1 General information of active ingredients of Huganning tablet (HGNP). MW: Molecular weight
No. Compound MW/g-mol”
Salvia miltiorrhiza

DS1 Trijuganone B 280.34
DS2 Poriferasterol 412.77
DS3 Clionasterol 414.79
DS4 Isoimperatorin 270.30
DS5 Sugiol 300.48
DS6 Dehydrotanshinone II A 292.35
DS7 Baicalin 446.39
DS8 Digallic acid 322.24
DS9 a-Amyrin 426.80
DS10  Arucadiol 298.41
DS11  2-Isopropyl-8-methylphenanthrene-3,4-dione 264.34
DS12  3a-Hydroxytanshinone IT A 310.37
DS13  Tournefolic acid A 312.29
DS14  4-Methylenemiltirone 266.36
DS15  2-(4-Hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3-benzofurancarboxaldehyde 356.40
DS16  6-0-Syringyl-8-o-acetyl shanzhiside methyl ester 628.64
DS17  Formyltanshinone 290.28
DS18  3-p-Hydroxymethyllenetanshiquinone 294.32
DS19  Methylenetanshinquinone 278.32
DS20  Przewalskin A 398.49
DS21  Przewalskin B 330.46
DS22  Przewaquinone B 292.30
DS23  Przewaquinone C 296.34
DS24  (6S,7R)-6,7-Dihydroxy-1,6-dimethyl-8,9-dihydro-7H-naphtho[8,7-g]benzofuran-10,11-dione 312.34
DS25  Przewaquinone F 312.34
DS26  Sclareol 308.56
DS27  Tanshinaldehyde 308.35
DS28  Danshenol B 354.48
DS29  Danshenol A 336.41
DS30  Salvilenone 292.40
DS31  Cryptotanshinone 296.39
DS32  Dan-shexinkum D 336.41
DS33  Danshenspiroketallactone 282.36
DS34  Deoxyneocryptotanshinone 298.41
DS35  Dihydrotanshinlactone 266.31
DS36  Dihydrotanshinone I 278.32
DS37  Epidanshenspiroketallactone 284.38
DS38  Ferruginol 286.50
DS39  Isocryptotanshi-none 296.39
DS40  Isotanshinone IT A 294.37
DS41  Manool 290.50
DS42  Microstegiol 298.46
DS43  Miltionone I 312.39
DS44  Miltionone 11 312.39
DS45  Miltipolone 300.43
DS46  Miltirone 282.41
DS47  Miltirone 1T 272.32
DS48  Neocryptotanshinone IT 270.35
DS49  Neocryptotanshinone 314.41
DS50  Nortanshinone 280.29
DS51  Prolithospermic acid 31431
DS52  (2R)-3-(3,4-Dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl)acryloyl]Joxy-propionic acid 360.34
DS53  (2)-3-[2-[(E)-2-(3,4-Dihydroxyphenyl)vinyl]-3,4-dihydroxy-phenylJacrylic acid 31431
DS54  Salvianolic acid G 340.30
DS55  Salvianolic acid J 538.49
DS56  Salvilenone I 270.40
DS57  Salviolone 268.38
DS58  Tanshindiol A 312.34
DS59  Tanshindiol B 312.34
DS60  Przewaquinone E 312.34
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Continued
No. Compound MW/g-mol”
DS61  Tanshinone IT A 294.37
DS62  Tanshinone II B 310.37
DS63  Tanshinone VI 296.34
DS64  Salvianolic acid B 718.60
Ganoderma lucidum
LZ1 (+)-Ganoderic acid Mf 512.80
LZ2 (+)-Methyl ganolucidate A 514.77
LZ3 Methyl lucidenate F 470.66
Lz4 22,23-Dimethylene ganodermic acid S 578.86
LZ5 22f-Acetoxy-3a,15a-dihydroxylanosta-7,9(11),24-trien-26-oic acid 528.90
LZ6 Campesta-7,22E-dien-3beta-ol 398.74
Lz7 Sa-Lanosta-7,9(11),24-triene-15a,26-dihydroxy-3-one 454.76
LZ8 Epoxyganoderiol A 472.78
LZ9 Epoxyganoderiol B 454.76
LZ10  Epoxyganoderiol C 456.78
LZ11  Ergosta-4,6,8(14),22-tetraene-3-one 406.71
LZ12  Ergosta-4,7,22-trien-3,6-dione 408.68
LZ13  Ergosta-7,22-dien-3f-yl palmitate 637.20
LZ14  Ergosta-7,22-dien-3,5a,6a-triol 430.74
LZ15 Ergosta-7,22-diene-34-yl linoleate 661.22
LZ16  Ergosta-7,22-diene-3/-yl palmitate 637.20
LZ17  Ergosta-7,22-diene-3/-yl pentadecanoate 623.17
LZ18  Ergosta-7,9(11),22-trien-34,5a,6a-triol 442.75
LZ19  Peroxyergosterol 428.72
LZ20  Ganoderal B 440.73
LZ21 Ganoderan B 454.76
LZ22  Ganoderic acid beta 500.74
LZ23  Ganoderic acid DM 468.74
LZ24  Ganodermic acid R 554.84
LZ25  Ganoderic acid Mi 528.85
LZ26  (E,5S,65)-5-Acetoxy-6-[(3R,5R,10S8,13R,14R,17R)-3-hydroxy-4,4,10,13,14-pentamethyl-2,3,5,6,12,15,16,17-octahydro-1H- 512.80
cyclopenta[a]phenanthren-17-yl]-2-methylhept-2-enoic acid
LZ27  Ganoderic acid TQ 524.81
LZ28  Ganoderic acid TR 468.74
LZ29  Ganoderic acid V 528.80
LZ30 Ganoderic acid V1 512.75
LZ31 Ganoderic acid X 512.80
LZ32  Ganoderic acid Y 454.76
LZ33  Ganoderic acid Z 456.78
LZ34  Ganoderic aldehyde A 454.76
LZ35  Ganoderiol F 454.76
LZ36  Ganodermanondiol 456.78
LZ37  Ganodermatriol 456.78
LZ38 Ganodermenonol 438.76
LZ39 Ganodermic acid T-Q 512.80
LZ40  Ganodermic acid T-O 512.80
LZ41  Ganolucidic acid E 484.74
LZ42  Ganosporelactone B 530.72
LZ43  Lanosta-7,9(11),24-trien-15a-acetoxy-3a-hydroxy-23-oxo-26-oic acid 526.78
LZ44 Lanosta-7,9(11),24-trien-3a-acetoxy-15a-hydroxy-23-o0x0-26-oic acid 526.78
LZ45 Lanosta-7,9(11),24-trien-3a-acetoxy-26-oic acid 496.80
LZ46  Lucialdehyde A 438.76
LZ47  Lucialdehyde B 452.74
LZ48  Lucialdehyde C 454.76
LZ49  Lucidenic acid A 458.65
LZ50 Lucidone A 402.58
LZ51 Lucidumol A 458.80
LZ52  Methyl ganoderic acid DM 482.77
LZ53  Methyl ganoderic acid TR 482.77
LZ54  Methyl lucidenate Q 474.70
LZ55 Cerevisterol 430.74
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Continued
No. Compound MW/g-mol
LZ56  Ergosta-7,22E-dien-3f-ol 398.74
LZ57  Oleanic acid 456.70
Sedum sarmentosum Bunge
CP1 Liquiritigenin 256.27
CP2 Isorhamnetin 316.28
CP3 Sarmentosine 275.29
CP4 J-Amyrone 424.70
CP5 Kaempferide 300.26
CP6 Sedumoside I 388.50
CP7 Tricin 330.29
Polygoni Cuspidati Rhizoma et Radix
HZ1 6,8-Dihydroxy-7-methoxyxanthone 258.24
HZ2 Physovenine 262.34
HZ3 Picralinal 366.45
HZ4 Physciondiglucoside 608.60
HZ5  Rhein 284.23
HZ6 Torachrysone-8-0O-f-D-(6'-oxayl)-glucoside 480.46
HZ7  (+)-Catechin 290.29
HZ8 Resveratrol 228.26
HZ9 Polydatin 390.42
HZ10 Emodin 270.24
Multi-drug
Al [-Sitosterol 414.79
A2 Luteolin 286.25
A3 Quercetin 302.25

2 HGNP;477 NAFLD 9% 7 8 & A0 3K BY

L “nonalcoholic fatty liver disease” Jy 3% i il 7£
GeneCards #4E E AT R 2, A3 BB AE AT 1 1314
H4 595 I 5 HGNP 1 25 W) 8 55 3 311 5\ Venny 2.1
TELRBAER TR &, 6+ B E, 521514
HGNP 577 NAFLD FI7E£E 58 A (K 1),

HGNP-related targets NAFLD-related targets
Figure 1
fatty liver disease (NAFLD)

Venn diagram of targets of HGNP and nonalcoholic

3 BEESHGOEESTAMKEGG BT

T R K o “cluster profiler v4.2.2” £ W15 B
X 1STANEAEFE SHEAT GO & 440 #T 5 KEGG il 6 4y
BT, 732 GO %% H 3£ 2 526 %% (P < 0.05), o (4% 4:4)
It #£ (biological process, BP) 2% H 2 331 4% - 41 g 41 B
(cell composition, CC) 2¢ H 51 %% .43 F T AE (molecular
function, MF) 4% H 1444~ R4 PAE X 2% H HEFP, K%
T 10 44 E B4 BT B (B12). GO'&E
L4 R RO, BP J7 [ P 0 E IR K1 R

(response to nutrient level). 41 M Xf 44 2% B 381 e B
(cellular response to chemical stress)- i 1 %0 AR 1 i F2
(response to reactive oxygen species) AT FE. CCHy
T E AR (membrane raft). JJIX 3 [X (membrane
microdomain)~ % ¥ ¥ (vesicle lumen) 2 41 i i 43 »
MF 75 [H] 3= 2290 S A% S AR B3 8h & P (nuclear receptor
activity). it 742 B0 1 5% s B 1 080 7 M (ligand-
activated transcription factor activity)DNA 45 & 55 5%
F 144 (DNA-binding transcription factor binding) 2§
7T IEE

KEGG il & &5 #1132 P < 0.05 ({8 H 3L 1524,
W48 PAESEAT HE P, HF 44 0 20 38 B LK 3. %
W e L B & AGE-RAGE 1E # JR 95 I & JE
117 5 18 B% (AGE-RAGE signaling pathway in diabetic
complications) JIg i F1 2 Jik 55 #F A 4k 38 #% (lipid and
atherosclerosis) Jif it 2% X P18 % (insulin resistance).
P37 JHF 2 5 9 38 % (hepatitis C) A 73 ¥4 38 4710 38 %
(endocrine resistance)s NAFLD %% . fH 15 V& = 1 &,
KEGG it % & £ 7> Hr 45 v, HGNP ) 24 N 1275 1
B RUE 4R T NAFLD i@ % (R 2), R IX LR S 5
HGNP 97 NAFLD 5 8O K8 R 3R, AHI Fi K X 28
B VRN OCHERE i, T — R B A AT T .
4 “BIEEMR S - RSB g E

WRHE KEGG 8 70t 45 3, JF&56 h 2508 e 1k
Ay B R S S S, R Cytoscape B4 14 a2 “ W TE
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Figure 2 The results of gene ontology (GO) enrichment analysis. BP: Biological process; CC: Cell composition; MF: Molecular function

AGE-RAGE signaling pathway in diabetic complications -
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Figure 3 The diagram of Kyoto encyclopedia of genes and genomes (KEGG) pathways enrichment analysis
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Table 2 Key targets of HGNP for the treatment of NAFLD

No. Uniprot Gene Target name Degree
1 P19793 RXRA Retinoic acid receptor RXR-alpha 32
2 P01375 TNF Tumor necrosis factor 31
3 P49841 GSK3B Glycogen synthase kinase-3 beta 22
4 P31749 AKTI Serine/threonine-protein kinase 1 22
5 P45983 MAPKS Mitogen-activated protein kinase 8 21
6 P05412 JUN Transcription factor Jun 19
7 P42336 PIK3CA Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic subunit alpha isoform 17
8 Q13133 NRIH3 Oxysterols receptor LXR-alpha 16
9 P45984 MAPKY Mitogen-activated protein kinase 9 16

10 P05231 L6 Interleukin-6 15
11 P10145 CXCLS Interleukin-8 11
12 P01584 ILIB Interleukin-1 beta 10
13 P37231 PPARG Peroxisome proliferator-activated receptor gamma 8
14 Q07869 PPARA Peroxisome proliferator-activated receptor alpha 8
15 P06213 INSR Insulin receptor 7
16 P35568 IRS1 Insulin receptor substrate 1 6
17 P01583 IL1A Interleukin-1 alpha 5
18 P36956 SREBF1 Sterol regulatory element-binding protein 1 5
19 Q96A54 ADIPOR1 Adiponectin receptor protein 1 5

20 Q86V24 ADIPOR?2 Adiponectin receptor protein 2 5

21 P49327 FASN Fatty acid synthase 4

22 P35638 DDIT3 DNA damage-inducible transcript 3 protein 3

23 P05198 EIF2S1 Eukaryotic translation initiation factor 2 subunit 1 2

24 QI6RI1 NRI1H4 Bile acid receptor 2
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RXRA). /& ¥R LK F (tumor necrosis factor, TNF). ##
JR A B (glycogen synthase kinase-3 beta, GSK3B)-
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Figure 4 The “ingredient-key target-pathway” network of HGNP
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-CDOCKER ENERGY {8 K, 1t B 73 5§ s AH B
g AR B, JU R Y R S R T R
-CDOCKER ENERGY 1A K T3 5 Bt A B, AT 1A A ik
o SR BAIRRNES G1ER . 4> X 4#-CDOCKER
ENERGY & 71 S L& INR 3 PR, FRER.
KR AR KRS 44 5 1 0 e
-CDOCKER ENERGY 18 ¥k T 3L fhlic &, 11 7 % B
580 5 TNF.GSK3B AKT1 )4 F % i BoR ek
[J-CDOCKER ENERGY 1H . #— 5 73 #1875 3% 7 ik
o35 ORER B S 45 G, DUTE 4 10 4 oA B0 25
BN T RER ST B A, b R R R
I B KRR A - HERR AR 0 S b O B B R A

& (E5), T FHB R B 25 2l i 2 78 A8 K S
KRR NS S (B 6). MRYE Lk 77X e g B, ik th
G S ISR NN NESE S TN 1 PSS
# f RXRA.TNF.GSK3B.AKT1 A B 4 i) &5 4 3 1k,
HEI A 30 7 P VR 97 NAFLD [ % dg b &9, #47 T
— BRI .
6 TTFENNFEERM

T B 1 RESANE N S AR R 7 B A BLAE
HEAE I TH, O% 2 HFRIE 4t Ask
B AE 5 T 0 R I R U 1) % R 2 3 -RXRA, FHB
12 B-GSK3B & & Wik AT 4 ¥ 2 J1 A4, . 48 A4
4 B H S A Y RMSD F14 J5 AR 9% 3 (root mean

CYs432

Interactions
[] Pi-donor hydrogen bond [Jl] Pi-Pi stacked [__| Pi-alkyl

Figure 5 The interactions between isorhamnetin and RXRA (PDB ID: IMVC). A: Isorhamnetin in the active site of RXRA; B: Three-

dimensional interactions between isorhamnetin and RXRA; C: Two-dimensional interactions between isorhamnetin and RXRA
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Figure 6 The interactions between salvianolic acid B and GSK3B (PDB ID: 1Q5K). A: Salvianolic acid B in the active site of GSK3B; B:

Three-dimensional interactions between salvianolic acid B and GSK3B; C: Two-dimensional interactions between salvianolic acid B and

GSK3B
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Table 3

GSK3B, and AKT1 with ingredients of HGNP

Top 5 molecular docking results of RXRA, TNE,

-CDOCKER ENERGY/kcal-mol”

Ingredient
RXRA TNF GSK3B AKTI
Co-crystallized ligand  34.4746  18.6880  30.3330  29.1260
Isorhamnetin 60.8623  30.9084 51.0463  41.3295
Salvianolic acid B 20.1958  63.0621 704726  58.569 4
Emodin 39.1008 324912 52.1767 37.7186
Resveratrol 434185 264581 42.6875 29.6557
Rhein 459407 264581 484227 324058

square fluctuation, RMSF) 18, {EAlL BN E AW 451
BN RIERAER) ) 2 R 1 Fe e 2 . RMSD 4 4)
ISHI RAE RS2 X B, 38 F KA 4 1 3 /3 S B,
AR E AW R e . HE 7TAB TR, B
FR 4% Z-RXRA FlFH R B-GSK3B & &4 4 i 7E 154U
6 F14 ns Ji it T 71, RMSD {i £ 32 7£ 0.25 #1 0.3 nm,
KW E SV I E RS S R m e R RN, &
A YA R DR FFE B FS g M. RMSF A2 1l & 5 1
JIR HREAN I BR TR B AE B)) 7 AU 8] B P i Bl
DL AT 790 A ) RMSF B AR 3R 1% & IR vk 5
A BRI st A Rcth, 8/ 1) RMSF EAR R Z R
BEER TR L M BN N . RIEE 7C.D FiR, R R A&
RXRA & & VLIS 2 o K0 75 2 B PR Bk B RMSF
0.1~0.3 nm; 1ff & Y9 82 B-GSK3B A 72 ok
0 57 2 FER Bk 2L RMSFE 5 0.1~0.4 nm. %54 RMSD
5 RMSF 7311, R 2 MEEY S HERBE AR 4G
1 2 BB i A e Pk

7 HEEBHBENITE

THREAGEY S RS G B e, 185 R TR
T b 3R TEBC AR /)N 73§ 5 5244 2 Ta) 1 45 6 o R S A
I G RS G TR S G B HEER D, &
TN T AR R BRI, MO R T S 5 N 4
AU, A6 ET MM/PBSA 7415 5 25 £ -RXRA
PR R B-GSK3B A2 & A B &) 5 i
HR 4SRRI G B HEE, XSS | et AT
REE R, T & N EERNS G ATk . 4
R EIR, B K2 R -RXRA A1}y 2 B-GSK3B Hi 4~ &
BWISE S H HEE 3 N-164.093.-120.597 kJ-mol ™,
BB RHIE T 7R R IR B 5 O S 4 SR
JIo AN RIEEIS IR, 7 RAER-RXRAE AT,
KR HRFE PHE3 13 ILE268 . LEU309 % 45 & [ H1fig
R M TUBRE, 4 ) N-12.395.-9.101.~7.016 kJ-mol;
M 7E £+ B R B-GSK3B & & W 1, & 5 IR ik &
ARG141.ILE62.PRO136 X 45 £ H i At 71 ik 18 B K,
I3 3 H-59.565.-24.248.-22.181 kJ-mol .
8 KM S ADMET RN

W TR BN, IR IR SO R4k & )% T Lipinski
TR 75 B R IE 3 90%, M Veber AL T 5 47 Hh i ¢
FURAED R S5 MR R R T, AR5
£ F Lipinski T2 88 ) F1 Veber FE U (MW < 500 g-mol”,
LogP < 5, HBA < 10, HBD < 5, PSA < 140 A, rotatable
bonds < 10), 57 4 [ 73 A 47 7 v SR AL S I
KUtk SRR 4PUR, REUEGM R RER KK
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Figure 7 The results of molecular dynamics simulation. A: Root-mean-square-deviation (RMSD) plot of isorhamnetin-RXRA complex; B:

RMSD plot of salvianolic acid B-GSK3B complex; C: Root mean square fluctuation (RMSF) plot of isorhamnetin-RXRA complex; D:

RMSF plot of salvianolic acid B-GSK3B complex
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Figure 8 The energy contribution of two complexes in binding free energy calculation. A: The energy contribution of isorhamnetin-RXRA

complex in binding free energy calculation; B: The energy contribution of salvianolic acid B-GSK3B complex in binding free energy

calculation

R OR TR I B A 5T 3 £ & Lipinski 7o #1
AT Veber KL o 17+ IR B B 1 LogP i /& K25 ¥ K1
N4k, H A4 AR 4 Lipinski F A8 AT Veber U .

25 W) i) ADMET 14 Jii , B 25 9 75 A& P 1 W i
(absorption)~ 73 7 (distribution) 1 ¥ff (metabolism)- $
it (excretion) K 14 (toxicity), A& 52 W 25 W17 R4 ) =%
B R, ADMET flill 25 R B7x (£ 4), KR A
0P S B AR A Caco-2 A0 M B I 2% (> 0.9
log P,); 7 B3R K BER C FI A  IE L OKBE R Y iz
WS v TG A RO 4y 1 BB 30%, e R B R
27 I ) 17 T T UL 6 3 B 85.629%,90.935%, i 7R
B UF B B TE W 5 A SR B AK A Y 3 T G
CYP2D6 Rt eI, BIGHE1E.
9 YHAEE S

FR R MTT v AR 0 ¢ B Ak & 90 % Hep G2 102 41 g
TE TR, IR L A IE A AWRE . HIE9 R,
SAS KRB BV AEIR E < 40 pmol-L B X HepG2 Al
L02 24 fifd 1 20 i 3 g s e ALK . Bl AR 1 2 I L KO
FR 25 253 F% KT 80 umol-L™', HepG2.L.02 2 ffd (1) £ it

WEHEE TR B REFER B B IKE 200 pmol L™
B AT A K L.O2 200 Ff2 1 2400 i 3% 73, 1 % HepG2 41 A 7=
A B R AR AHIVE R . R, Dokt S 4 G ) 52 B,
%52 40 pmol- L™ NG 3E I FE F T 5 SR 4h 25 b 32 .
10 HHREMLT ORES TG A=

JFF A N TG 1) 578 & R 2 5l S AR I AR 1, 2
NAFLD &% B Z K 2 —" RHMLa o gty
Y0 TG 5 F K SI2 56 56 1F HGNP (1) 58 AL & W xt
JIFEmB i B A P i e . A 10411 s, Sxt iRl
AL, 0.5 mmol-L" FFA 5 5 24 h Ji5 (145 784 20 411 g Py 41
g KRR, TG & & 8 E #7t, R W R h i 2 4
it g A P A R s T JS 0 S 8 3o 40 pmol L S R AR
FHH R B KB 2P BE KB AL BE 24 h, SN
I A LB BE S TG & B FIFEEE B,
AR ARI S S e . Ko S AR R
FFA 75 5 11 20 o i s 722 1 20 1 30 4 FH R A
DL S o6 45 BAGAE 7 ik S AME & AT B8 W HGNP iR
J7 NAFLD (1) 8 B35 1 p 4y, Bt — B AE B T AHE 51
R 2% 24 B 2 5 i S LA B 25 90 W58 o B AT SRk

Table 4 Drug-likeness and ADMET properties prediction of key ingredients

. / Rotatable ~ Water solubility/ Caco-2 permea-  Intestinal CYP2D6 .
Ingredient ., LogP HBD HBA PSA/A r . . L Hepatotoxicity
g-mol bond log mol-L bility/log P,/ absorption/%  inhibitor
Isorhamnetin 316.26 2.291 4 7 128.792 2 -3.000 -0.003 76.014 No No
Salvianolic acid B 718.62 3.334 9 14 292421 12 -2.892 -1.570 9.902 No No
Emodin 270.24 1.887 3 5 113.283 0 -2.892 1.613 85.629 No No
Resveratrol 22824 2973 3 3 980911 2 -3.178 1.170 90.935 No No
Rhein 28422 1.571 3 5 117.445 1 -2.843 -0.241 55.000 No No
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Figure 10 Lipid droplets in the HepG2 cells observed by oil red O staining. A: Graphical representation of oil red O staining of HepG2

cells (light microscope 20x%, scale bar: 250 um); B: For the quantitative determinations of the accumulated lipids, the oil red staining was
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Figure 11 TG content in the HepG2 cells. n = 3, mean = SEM.
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M52 R E R (ALT) ACE, 37 BT 40, 8458 AT 40 i
PGP, 17 R 2] BRAR I3 TG e H [ B % A % P g
A AR, PR, (R A AR . Ak
i 72 2 B, HGNP 1£ 75 J7 NAFLD J5 1 & H A4 )7
%, NAFLD &3 105 B T RS T 25 44k S5 FR AR AR 4%
TR 97 A0 B SGEY, (H R AR F AL 7 R AT A
#EW, PAAS T HAE G 97 NAFLD J5 1 83 — 2 1 I 7R
N o

AHIF 538 Tk W 4% 245 B T, FEEs A T LA B
29905 T R 5 AR A SEEG 3G, BF 5T HGNP ¥R I
NAFLD [{EFHLH] . £ GO & 440 #F \KEGG il # 43
Mrés o, E % 32 B E 45 T AGE-RAGE 1E8E IR &
SR HH A5 538 B T 077 R 30y ok o AR e 0 T B L R B B AR
PO B PN 23 WA HE T I8 B A PR A 1 O e
JIE 7 40 B R 15 5 8 % L IL-17 15 538 % . FoxO 135 il
% AMPK {5 5 30 8 25 . NF-«B /& 5 5 () 5 PR 5 5% 1
T, 251 2 Fh 4O R R o 7 A B
DRI 1 3R, 7 JFE 98 0 S0k 38 A 4R A S i R R
1% % B AE FH, 1] AGE-RAGE 15 5 i % W] i i i %
NF-«xB, 5 NAFLD 7t £ J5 TH % Y1 B R, FoxO & —
HREE R T, T2 A F T g 10 40 B 4 o L4 i
LT, S5 R R A RO R B 20 20 M RE R
AR 1 25 2P, Matsumoto ZEPY R I, AT A
(1] FoxO i J&F ik 23 51 {8 TG & B b T BRAK I 25 g i
B (1 S840, AT DR 32 JFE IR AR A8 P .- AMPK 0 v “ 4
Ff B 5T B2 2%, A AR N S TR D 1) B B, 2
5 Z R AR FE, A2 40 M P R B AR O )
T, MRS DAL HEWT, HGNP AT #8381 F T 28 fift Jik
5 ZHRT I G 5 AR AR LT T 0 S R LT AL
I TR AF DB A L %, 77 AR VR YT NAFLD R0

R “ Vs 7 35 1R 70 — O B L T % X 4%, R I
HGNP [ 75 35 P 53 B w3l I 5 (R A7 7
% T IR, L P 245 v 32 4 P A 2 v R E 9 RXRAL
TNF.GSK3B.AKTI, "] f& & H VA 97 NAFLD 58
[RHE 2T . RXRA E Ay 25 [ s — PR IR 3% 52 A0 88 50k
[ — 51, W50 R 32 A& (RARSs) T& i [A] — AR Bl 57
TR, T VR T A PP A L oAb R AR R
FEHYY 55 4k, RXRA 7] 5 ¥F £ #% %2 & 11 PPARA.
LXR.RARB S5 R — Bk, 2 5 A% 52 A0 B[R] 1) 1
PR, Hop, 5 %K RXRA/PPARA I JE % T
PPARA 15 fiF 17 i S 1 255 R 1) % S it 1k R 4 G A
FH™I. TNF A2 M8 SR 0 IR 7, 75 98 0 B BE 20 1t 92
JiF IR s 2 5 22 ol A TR0 T R P R A SR AR Y,
T 98 K B, NAFLD #5284 /) iR o 45 11 4 1) TNF R 1A
K AR L F 2B % /N BR OB 2 T &, T HGNP A B# Ik TNF

7E NAFLD /R 45 i 2 R [ Rk . GSK3B s —Fil
FER 1) 2 D e 22 A R/ 77 R B TR, Re IR 10 b IR & B
filg e OIS, S 5 AR R R A S T R T
AR RN A SR B, HH AT GSK3B R IA AT
SR YT 2T R R RS, A B DR A R, R A IR B 2 A
Pl AKTI A& — P 22 G R/ 75 2 R B (1 B, v 1E R
T 1% UL IS 3 B4 (PI3K)/AKT 13 53 1 1) 5% S 3 4
T, A SFUN A BB L 4T R T A AR,

BT IR M 2% 25 3 22 5T, X HGNP Y597 NAFLD
) 88 A 375 P R0 BB S 1 B B HE AT T R R
o, HAT Bk Z IR B S 5E . 4r 7R T3
JIEER G B AT E S T BN Bh 2 it
A, A B AATIN G F 7K P 55 m 24 1R 8 7 0 1 R 4y
HEATHIEGE, 3k — 0 540 I e R v 2 v I AE T YR O
SRS SO A4 B A AR R AR O, b 25 i AR AL
2 R I E 1 B B A ] FE S NS AR A
R, SRR IR B, KH &R AR KR
5 5B 40 /5 RXRA . TNF.GSK3B.AKT1 5 # I 45 &
RE 47, T N HGNP 1577 NAFLD () 810 &9, 70 1
1R BT WISUE T R R R SRR B 5 oCE
AR Efeett. 4546 B HEEH T HE 2w
P& 95 58 s B9 AH BAE FH 0, 3@ W AR T4 1 0 4
AT SRS B A AT A A ) S R S 4 R B AR
WRAELE S B BRI EHE—PRIE 7 R AR S
R B S5 AN R B AL SIS A RE S, IR tb B 55
R ER R IR A BAE S Ol MR S 25 1% 43 AT,
SRR CRER R K R I 3 A P o
LR, 22 B L RIS R, BB IR AR
VIR FHEE . ADMET P4 )i fiill 25 R 27w, Kig R o %
FRE AR A B (A0 M S i . R AR
F MR B KB R L H S RE KRR XY CYP2D6 AR,
A A IR, HLC R .

J95UE HGNP #1465 ) %F NAFLD 36 97 1F
FH, 18 FH FFA 7544 4175 548 8 40 i %) 1 7 22 P AsE Y
RIMFRER SR BRE R OFE R KER AT
YA N AR & TG & B 5 A R b, % g
AR A — B I RRAE R . b, R REFRVKHEER
et AR AP G R A B

R LRI, AW AL Sl i W 4% 2 B 2 A0 A, X
HGNP 75 97 NAFLD (1) 7% 7£ 2 53 17 GO 5 KEGG &
SO AT, FERA SR VBT I PR 2y — O B R B D 4%
YIRS T HGNP W 2 sy 22 80 i L 2l BRIT
NFALD 1€ FHBLA] R T S0 L A0 B 254 e it ik —
5 W 58 HGNP 697 NAFLD ) 24 304 Joit ik fitlh K 43 1 1B
FHALH], FEAEIFRAS 5 DB R 7 R R ST R B
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