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Abstract: Network pharmacological approaches were used to predict the components, targets and pathways
of Erhuang decoction (EhD) in the treatment of acute lung injury (ALI). The SwissTargetPrediction platform,
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DisGeNET, Therapeutic Target Database (TTD), GeneCards and Online Mendelian Inheritance in Man (OMIM)
databases were used to predict potential targets of EhD and were integrated with the predicted targets for the
treatment of ALI. A protein-protein interaction network model was constructed by using String database and
Cytoscape software; the DAVID platform was used for Gene Ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis. A network of drug components-targets-pathways was constructed
by Cytoscape software and the SwissDock platform was used to dock the molecules of EhD found in blood with
the key disease targets. An ALI model was established in mice and inflammatory factor detection and Western
blot protein expression experiments with lung tissue sections were carried out to verify the effect of EhD in the
treatment of ALI. Animal experiment ethical requirements were approved by the Ethical Committee Experimental
Animal Center of Shandong University (Grant Number: 2016020). We identified 148 potential targets including
signal transducer and activator of transcription 3 (STAT3), vascular endothelial cell growth factor A (VEGFA),
RAC-alpha serine/threonine-protein kinase (AKT1), and nuclear factor-kappa B/p65 (RELA). The potential targets
are largely associated with the biological processes of inflammation, oxidative stress, and apoptosis. Additional
pathways relate to cancer, VEGF signaling, mitogen-activated protein kinase (MAPK) signaling, and Toll-like
receptors (TLRs) signaling, along with other signaling pathways. Pharmacodynamic experiments showed that EhD
could significantly reduce the content of inflammatory factors and the degree of lung injury of ALI mice. Western
blot revealed that EhD could significantly decrease the expression of NF-xB/p65 and upregulate the expression of
NF-kappa-B inhibitor alpha (IxBa). From the perspective of network pharmacology, the mechanisms of EhD in
the treatment of ALI is consistent with the characteristics of multiple ingredients, multiple targets and multiple
pathways. This research provides a reference for further study of the mechanism of this traditional Chinese
medicine.
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Figure 1  Flow chart of research
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Table 1 Information sheet of chemical compounds. " indicates metabolites

No. Compound Molecular weight Molecular formula Source

1 Neoglycyrol 366.37 C,H,505 Licorice

2 Uralenol 370.36 CyoH,50; Licorice

3 Syringic acid 4-8-D-Glucopyranoside 360.31 C,5H,040 Coptis chinensis

4 Gancaonin N 368.38 C,H,,05 Licorice

5 Magnoflorine 342.45 C,H,,NO, Coptis chinensis
*6 Liquiritin 7-O-sulfate 498.46 C,H,,S0,, Licorice

7 Chrysin-6-C-arabinoside-8-C-glucoside 548.49 C,s Hys Oy Scutellaria baicalensis
8 Liquiritin 418.39 C,H,,0, Licorice

9 Baicalin 446.36 C,H,;0, Scutellaria baicalensis
10 Isomer of baicalin 446.36 C, H;s04, Scutellaria baicalensis
11 Oroxylin A-7-O-f-D-glucuronide 460.38 C,,H,,0y Scutellaria baicalensis
12 Columbamine 338.41 C,,H,NO, Coptis chinensis
13 Chrysin-7-O-glucuronide 430.36 C,H.s04 Scutellaria baicalensis
14 Jatrorrhizine 338.38 C,,H,,NO, Coptis chinensis
15 Wogonoside 460.39 C,,H,,04 Scutellaria baicalensis
16 Epiberberine 336.36 C,H;sNO, Coptis chinensis
17 Isoliquiritin 418.39 C,H,,04 Licorice
18 Palmatine 352.44 C,H,,NO, Coptis chinensis
19 Berberine 336.39 C,H;sNO, Coptis chinensis
20 Liquiritigenin 256.27 C,;sH,,0, Licorice
21 Baicalein 270.25 C,5H,,0s Scutellaria baicalensis
22 Isoliquiritigenin 256.27 C,;sH,,0, Licorice
23 Wogonin 284.28 C,6H,,0; Scutellaria baicalensis
24 Oroxylin A 284.28 C,6H1,0¢ Scutellaria baicalensis

*25 Glycyrrhetinic acid 470.76 CH,0, Licorice
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Figure 2 Protein-protein interaction (PPI) network of potential targets for Erhuang decoction (EhD) treatment of acute lung injury (ALI)
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Table 2 Enrich KEGG pathways analysis of potential targets for EhD for treatment of ALI
1D Term Count Gene P value
hsa05200  Pathways in cancer 54 HRAS, PTGS2, PGF, MMP9, PPARG, NFKB1, MMP2, MMP1, GLI1, CTNNB1, 4.02x10*
AKT1, CASP3, CASP8, NOS2, EGFR, PIK3CG, AR, RET, HSP90AAL, BRAF,
RELA, RXRA, CDK6, CDK4, CDK2, DAPK1, MAPK1, EP300, MAPK3, VEGFA,
PDGFRA, MDM2, PDGFRB, MAPKS, FGFR1, FGFR3, BCL2L1, KIT, IGF1R,
BCL2, PIK3R1, CSF1R, BMP4, IL6, MAP2K1, FLT3, MET, TGFBR2, RAF1,
STAT3, HDAC1, NTRK1, MTOR, ABL1
hsa05223  Non-small cell lung 13 EGFR, PIK3CG, AKT1, MAPK1, HRAS, MAP2K1, BRAF, RXRA, MAPKS3, 4.92x10°°
cancer RAF1, CDK6, CDK4, PIK3R1
hsa04510  Focal adhesion 23 EGFR, PIK3CG, HRAS, FLT1, MAP2K1, BRAF, PGF, MET, RAF1, SRC, 2.82x10°
CTNNB1, KDR, AKT1, MAPK1, IGF1R, BCL2, VEGFA, MAPK3, PDGFRA,
PDGFRB, MAPK8, MYLK, PIK3R1
hsa04012  ErbB signaling 15 EGFR, PIK3CG, HRAS, BRAF, MAP2K1, RAF1, RPS6KB1, SRC, AKT1, 2.06x10°®
pathway MAPK1, MAPK3, MAPKS8, MTOR, ABL1, PIK3R1
hsa05222  Small cell lung 13 PIK3CG, PTGS2, RELA, RXRA, NFKB1, CDK6, BCL2L1, CDK4, CDK2, 8.58x107
cancer AKT1, BCL2, NOS2, PIK3R1
hsa04664 Fc epsilon RI 13 PIK3CG, AKT1, MAPK1, HRAS, TNF, MAP2K1, LYN, MAPK14, MAPK3, 3.75x107
signaling pathway RAF1, MAPKS, PIK3R1, SYK
hsa04370  VEGF signaling 13 PIK3CG, AKT1, MAPK1, HRAS, PTGS2, MAP2K1, MAPK14, MAPK3, VEGFA,  2.40x107
pathway RAF1, SRC, PIK3R1, KDR
hsa04620  Toll-like receptor 15 PIK3CG, IL6, TNF, MAP2K1, TBK1, RELA, NFKB1, TLR9, AKT1, MAPK1, 1.46x107
signaling pathway MAPK14, MAPK3, CASP8, MAPKS, PIK3R1
hsa04210  Apoptosis 12 PIK3CG, AKT1, CASP3, TNF, RELA, BCL2, CASP7, NTRK1, CASP8, NFKBI, 8.54x10°
BCL2L1, PIK3R1
hsa04115  p53 signaling 11 CDK1, CASP3, SERPINE1, CASP8, MDM2, CDK6, CHEK1, CHEK2, CDK4, 5.64x10°
pathway IGFBP3, CDK2
hsa04150 mTOR signaling 10 PIK3CG, AKT1, MAPK1, BRAF, PGF, MAPK3, VEGFA, RPS6KB1, MTOR, 4.23x10
pathway PIK3R1
hsa04621  NOD-like receptor 11 MAPK1, NOD2, IL6, HSP90AA1L, TNF, RELA, MAPK14, MAPK3, CASP8, 2.37x10°
signaling pathway NFKB1, MAPKS8
hsa04660 T cell receptor 14 PIK3CG, HRAS, TNF, MAP2K1, RELA, RAF1, NFKB1, CDK4, AKT1, MAPK1, 2.18x10°®
signaling pathway MAPK14, MAPK3, PIK3R1, IL2
hsa04010  MAPK signaling 22 EGFR, FGFR1, HRAS, TNF, FGFR3, MAP2K1, BRAF, RELA, TGFBR2, RAF1, 2.04x10°®
pathway NFKB1, AKT1, MAPK1, CASP3, MAPK14, NTRK1, MAPT, NTRK2, MAPK3,
PDGFRA, PDGFRB, MAPKS8
hsa04662 B cell receptor 12 PIK3CG, AKT1, MAPK1, HRAS, MAP2K1, LYN, RELA, MAPK3, RAF1, 1.93x10¢
signaling pathway NFKB1, PIK3R1, SYK
hsa04060  Cytokine-cytokine 20 EGFR, IL6, ACVRLI, TNF, FLT1, FLT3, CCR1, MET, TGFBR2, BMPR2, CXCR1, 2.14x10*
receptor interaction CXCR2, KIT, KDR, VEGFA, PDGFRA, PDGFRB, CSF1R, ACVR1, IL2
hsa04062 Chemokine 17 PIK3CG, HRAS, MAP2K1, BRAF, LYN, CCR1, RELA, CXCR1, RAF1, CXCR2, 1.33x10°
signaling pathway NFKB1, STAT3, AKT1, MAPK1, MAPKS3, JAK2, PIK3R1
hsa04350  TGF-# signaling 10 BMP4, MAPK1, ACVRL1, TNF, EP300, MAPK3, TGFBR2, BMPR2, RPS6KB1, 2.82x10*
pathway ACVR1
hsa04110  Cell cycle 12 CDK1, EP300, HDAC1, PLK1, MDM2, CDK®6, CHEK1, CHEK2, ABL1, CDK4, 2.53x10*
CCNA2, CDK2
hsa04630 Jak-STAT signaling 11 PIK3CG, STAT6, AKT1, IL6, EP300, JAK2, BCL2L1, STAT3, PIK3R1, IL2, 5.08x10°%

pathway
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Figure 4 Biological process enrichment analysis diagram
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Figure 5 Cellular component enrichment analysis diagram
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Figure 6 Molecular function enrichment analysis diagram
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Figure 8 Effects of EhD on lung histological changes of lipopolysacchatide (LPS)-induced ALI mice (H&E staining magnification 100x).
A: Control; B: LPS; C: LPS + 1.0 g-kg™ EhD; D: LPS + 2.5 g-kg™ EhD; E: LPS + 5.0 g-kg* EhD. Asterisks denote fibrillar to granular
eosinophilic protein strands. Solid arrows denote thickened alveolar wall and interstitial neutrophils infiltrating in the intercellular spaces
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Table 3 Molecular docking result of absorbed ingredients of EhD in blood. "-" indicates that the molecular docking is not successful
Compound name Gene target PDB ID Estimated Compound name Gene target PDB ID Estimated
AG/kcal-mol* AG/kcal-mol™
Neoglycyrol MAPK3 4QTB -8.71 Uralenol MAPK3 4QTB -8.96
STAT3 6NJS -7.50 STAT3 6NJS -7.55
VEGFA IMKK -7.66 VEGFA IMKK -8.43
IL6 1ALU -7.01 IL6 1ALU -7.63
RELA 6QHL -7.55 RELA 6QHL -7.62
BCL2L1 6GL8 -7.68 BCL2L1 6GL8 -7.54
NOS2 6JWM -7.39 NOS2 6JWM -7.51
Syringic acid 4-5-D- MAPK3 4QTB -9.35 Gancaonin N MAPK3 4QTB -8.16
glucopyranoside STAT3 6NJS -7.83 STAT3 6NJS -7.76
VEGFA 1IMKK -8.59 VEGFA 1IMKK -8.69
IL6 1ALU -7.68 IL6 1ALU -7.22
RELA 6QHL -8.41 RELA 6QHL -8.00
BCL2L1 6GL8 -7.75 BCL2L1 6GL8 -7.81
Magnoflorine MAPK3 4QTB -8.04 Liquiritin 7-O- MAPK3 4QTB -9.78
STAT3 6NJS -7.72 sulfate STAT3 6NJS -8.82
VEGFA IMKK -7.82 VEGFA IMKK -9.05
IL6 1ALU -7.24 IL6 1ALU -8.41
RELA 6QHL -8.49 RELA 6QHL -8.73
BCL2L1 6GL8 -7.78 BCL2L1 6GL8 -9.03
NOS2 6JWM -8.04 NOS2 6JWM -8.58
Chrysin-6-C-arabino- MAPK3 4QTB -8.50 Liquiritin MAPK3 4QTB -8.23
side-8-C-glucoside STAT3 6NJS -8.69 STAT3 6NJS -8.11
VEGFA IMKK -9.12 VEGFA IMKK -8.70
IL6 1ALU -8.33 IL6 1ALU -7.69
RELA 6QHL -8.89 RELA 6QHL -8.21
BCL2L1 6GL8 -8.59 BCL2L1 6GL8 -8.03
NOS2 6JWM -7.93 NOS2 6JWM -8.07
Baicalin MAPK3 4QTB -9.48 Isomer of baicalin MAPK3 4QTB -9.53
STAT3 6NJS -8.53 STAT3 6NJS -8.30
VEGFA 1IMKK -8.68 VEGFA 1IMKK -9.15
IL6 1ALU -8.39 IL6 1ALU -8.68
RELA 6QHL -8.24 RELA 6QHL -8.40
BCL2L1 6GL8 -7.91 BCL2L1 6GL8 -8.38
NOS2 6JWM -7.82 NOS2 6JWM -8.42
Oroxylin A-7-O-p-D- MAPK3 4QTB -9.83 Columbamine MAPK3 4QTB -7.62
glucuronide STAT3 6NJS -8.33 STAT3 6NJS -7.64
VEGFA 1IMKK -8.83 VEGFA 1IMKK -7.78
IL6 1ALU -8.24 IL6 1ALU -7.55
RELA 6QHL -8.55 RELA 6QHL -7.67
BCL2L1 6GL8 -8.30 BCL2L1 6GL8 -7.97
NOS2 6JWM -8.45 NOS2 6JWM -8.10
Chrysin-7-0O- MAPK3 4QTB -9.34 Jatrorrhizine MAPK3 4QTB -8.22
glucuronide STAT3 6NJS -8.36 STAT3 6NJS -7.80
VEGFA IMKK -8.69 VEGFA 1IMKK -8.13
IL6 1ALU -8.09 IL6 1ALU -7.07
RELA 6QHL -8.18 RELA 6QHL -7.95
BCL2L1 6GL8 -8.28 BCL2L1 6GL8 -7.99
NOS2 6JWM -7.96 NOS2 6JWM -8.18
Wogonoside MAPK3 4QTB -9.29 Epiberberine MAPK3 4QTB -7.53
STAT3 6NJS -8.52 STAT3 6NJS -7.58
VEGFA 1IMKK -8.58 VEGFA 1IMKK -7.67
IL6 1ALU -8.05 IL6 1ALU -7.38
RELA 6QHL -8.37 RELA 6QHL -8.09
BCL2L1 6GL8 -8.54 BCL2L1 6GL8 -7.95
NOS2 6JWM -8.08 NOS2 6JWM -7.94
Isoliquiritin MAPK3 4QTB -8.98 Palmatine MAPK3 4QTB -7.59
STAT3 6NJS -8.56 STAT3 6NJS -7.90
VEGFA 1IMKK -9.11 VEGFA IMKK -8.14
IL6 1ALU -8.37 IL6 1ALU —6.97




ERCRAE BT 2 2 H 5 TR AR YT S AT A HIPLA AT AL T 253 -

Continued
Compound name Gene target PDB ID Aéjﬂgﬁip Compound name Gene target PDB ID A(Ejlil(:\itriil’l
RELA 6QHL -8.73 RELA 6QHL -8.01
BCL2L1 6GL8 -8.53 BCL2L1 6GL8 -8.37
NOS2 6JWM -8.14 NOS2 6JWM -8.61
Berberine MAPK3 4QTB -7.50 Liquiritigenin MAPK3 4QTB -7.50
STAT3 6NJS -7.58 STAT3 6NJS -7.01
VEGFA IMKK -7.68 VEGFA IMKK -7.35
IL6 1ALU -6.85 IL6 1ALU -7.11
RELA 6QHL -7.65 RELA 6QHL -7.11
BCL2L1 6GL8 -8.00 BCL2L1 6GL8 -6.86
NOS2 6JWM -7.64 NOS2 6JWM -6.59
Baicalein MAPK3 4QTB -7.65 Isoliquiritigenin MAPK3 4QTB -7.82
STAT3 6NJS -7.12 STAT3 6NJS -7.57
VEGFA IMKK -7.46 VEGFA IMKK -7.54
IL6 1ALU -7.26 IL6 1ALU —-7.48
RELA 6QHL -7.07 RELA 6QHL -7.15
BCL2L1 6GL8 -7.33 BCL2L1 6GL8 -7.17
NOS2 6JWM -7.05 NOS2 6JWM -7.04
Wogonin MAPK3 4QTB -7.77 Oroxylin A MAPK3 4QTB -7.81
STAT3 6NJS -6.83 STAT3 6NJS -7.02
VEGFA IMKK -7.29 VEGFA IMKK -7.60
IL6 1ALU -6.72 IL6 1ALU -6.67
RELA 6QHL -7.28 RELA 6QHL -7.31
BCL2L1 6GL8 -7.00 BCL2L1 6GL8 -7.34
NOS2 6JWM -6.85 NOS2 6JWM -7.07
Glycyrrhetinic acid MAPK3 4QTB -7.18 Dexamethasone MAPK3 4QTB -7.18
STAT3 6NJS -5.14 STAT3 6NJS -7.17
VEGFA IMKK -7.82 VEGFA 1IMKK -8.36
IL6 1ALU -5.17 IL6 1ALU -7.10
RELA 6QHL -7.76 RELA 6QHL -7.89
BCL2L1 6GL8 -7.04 BCL2L1 6GL8 -7.39
NOS2 6JWM - NOS2 6JWM -7.10
58 TR 400 1 375 A0 il A S HE LRV P IL6LTNF- HINO I i3

REETE (E9), BRI .

6.2 EhDJRTr ALIZAXLY HEAHLLE, ERD T+
Tk 253697 W] BH B 00 I AL SR, BRAR AORE 4T IR
THECH (K 8); Iy, 584 LA, 45 245 40 ¥ 2h A7) ifiL
T R Ml 2HL 23 3E W VR P IL6L TNF-a 1 NO &5 & I 2 &
(LA S O R =71 = A E R o 1 B R R R
R (E19).

6.3 Western blot ;%38 7F EhD 1845 NF-xB/p65 #1 IxBa
FAFRIE AL EZIG PR LI M R AE . E RIE
HEFR T, NF-xB VG0 5 Rk R T A R, 1]
T8 1P 4% U 425 SR, RELA J5& DR 7 A4 22 1) 1l 40— B I i
W 2 ) BEAR K, o2 A s R 1 p65 1 428 ik DA, s |
# NF-xB/p65 & [ 1581k . BT LA, AXSEES DA NF-xB/p65
F 1kBa £ [ 2k, Xf I 2% 2] 21 2% T I B8 550 0F AT 38 0F
(K110). g5 ER, GBI, —5K7 T AL E &
[%{% NF-xB/p65- p-NF-xB/p65 & [1 [ % i%&, $2&7 1kBa
RHAMRIE, Bk p-lkBa & AEKIE. MiH, 5447
BEER—EME-HKR.

AL A48 3 e 97 B 75 A B4R 22 920 1) St [ s 2
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A ARSI TR RORE SR I R . H B T DAE o B
STAT3 W E, il i IR 51E ) ALL IR 9 0E Je M2
MAPK % 1540 55 8 35 B (ERK).p38 2 JF ik fb B (4
PG (p3BMAKP). c-Jun Z K Ui 8 B (INK) F1 ERK5
%, ERKLAIERK2 (tBFK A MAPK3 FI/MAPK1) {55
M IR PR A R A KNS 4E, p38MAPK FITIINKMAPK
15 5 7 5 8 B T 9 0 5 4 G 1) 12 4 I R B R R R
ZHEH . BFFURIN, LPS 55 K R 2E ARDS B, 4l fiig
Ji HH p38MAKP Fl4H i b ERK &5 (1 B & i, [F i
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Figure 9 Effects of EhD on the secretion of pro-inflammatory cytokines in bronchoalveolar lavage fluid (BALF) and serum. A: Control,
B: LPS; C: LPS + 1.0 g-kg* EhD; D: LPS + 2.5 g-kg* EhD; E: LPS + 5.0 g-kg™* EhD. Quantitative densitometric analyses of NO (a), TNF-«
(b), IL6 (c). n = 6, mean + SEM. *P<0.05, *#P<0.01, #*P<0.001 vs control group; "P<0.05, ""P<0.01, ""P<0.001 vs LPS group
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Figure 10 Effects of EhD on LPS-induced protein expressions of NF-xB/p65 and 1xBa in the ALI mice. a: Quantitative densitometric anal-
yses of NF-xB/p65, 1xkBa, p-NF-xB/p65, and p-1xBa; b: Western blot analyses of NF-«xB/p65, 1xBa, p-NF-xB/p65, and p-1xBa; normalized
against glyceraldehyde-3-phosphate dehydrogenase (GAPDH). A: Control; B: LPS; C: LPS + 1.0 g-kg™ EhD; D: LPS + 2.5 g-kg* EhD; E:
LPS + 5.0 g-kg™* EhD. n= 3, mean + SEM. “P<0.05, *#*P<0.001 vs control group; "P<0.05, "P<0.01, "P<0.001 vs LPS group
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