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The mechanism of action of Fuzi-Lizhong pill in treatment of
ulcerative colitis based on network pharmacology-molecular docking
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Abstract: Network pharmacology and bioinformatics technology were used to predict the mechanism of
action of Fuzi-Lizhong pill (FLP) in the treatment of ulcerative colitis (UC). 26 components (23 prototype
compounds and 3 metabolites) in the blood of FLP were selected as the research objects. PharmMapper database,
SwissTargetPrediction platform, GeneCards and OMIM database were used to screen and predict potential targets
of FLP in blood. The protein-protein interaction network model was constructed by using String database and
Cytoscape software. DAVID platform, KEGG and Reactome databases were used for GO analysis and pathway
analysis of potential targets. Network of drug ingredients-targets-pathways was constructed by Cytoscape software.
AutoDock vina software was used to dock the molecules of the absorbed ingredients of FLP in blood with the key
targets. 82 potential targets of FLP for treatment of UC were obtained. Potential targets mainly involve biological
processes such as response to organic substance, regulation of apoptosis, regulation of programmed cell death,
which played roles in the treatment of UC by adjusting pathways in cancer, Colorectal cancer, Vascular endothelial
growth factor signaling pathway, Mitogen-activated protein kinase signaling pathway, arachidonic acid metabolism
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and the other signal pathways. From the perspective of network pharmacology, this study predicted the mechanisms
of action of FLP in treating UC, indicating that FLP in treating UC had the characteristics of multiple ingredients,
multiple targets and multiple pathways, which laid a foundation for further research.
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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 M,,/Da Molecular formula Source
1 L-Pyroglutamic acid 129.042 6 C,H,NO, Codonopsis pilosula (Franch.) Nannf.
2 Fuziline 4532727 C,,Hy,NO, Aconitum carmichaelii Debx.
3 Talatisamine 4212828 C,HyNO; Aconitum carmichaelii Debx.
4 Liquiritigenin 256.073 6 CH,,0, Glycyrrhiza uralensis Fisch.
5 Benzoylmesaconine 589.288 7 C,H;NO,, Aconitum carmichaelii Debx.
6 Benzoylaconine 603.304 3 C,,H;NO, Aconitum carmichaelii Debx.
7 Liquiritin 418.126 4 C,H,,0, Glycyrrhiza uralensis Fisch.
8 Benzoylhypaconine 573.293 8 C,H,;NO, Aconitum carmichaelii Debx.
9 Mesaconitine 631.299 3 CyHiNOy, Aconitum carmichaelii Debx.
10 Hypaconitine 615.304 3 CyH;NOy, Aconitum carmichaelii Debx.
11 Isoliquiritigenin 256.073 6 CH,,0, Glycyrrhiza uralensis Fisch.
12 6-Gingerdione 292.167 5 C,;H,.0, Zingiber officinale Rosc.
13 Formononetin 268.073 6 C,6H.,0, Glycyrrhiza uralensis Fisch.
14 14-Acetyltalatizamine 463.293 4 C,H,NO; Aconitum carmichaelii Debx.
15 6-Gingerol 294.183 1 C,;H,0, Zingiber officinale Rosc.
16 6-Shogaol 276.1725 C,;H,,0, Zingiber officinale Rosc.
17 Atractylenolide II 232.146 3 CsH,,0, Atractylodes macrocephala Koidz.
18 Chasmanine 451.293 4 C,sHyNOg Aconitum carmichaelii Debx.
19 Glycyrrhizic acid 822.403 8 C,,Hs:016 Glycyrrhiza uralensis Fisch.
20 Atractylenolide I 230.130 7 CsH,0, Atractylodes macrocephala Koidz.
21 Neoline 437.2777 C,,HyNO; Aconitum carmichaelii Debx.
22 7-Hydroxycoumarin 162.0317 C,HqO, Atractylodes macrocephala Koidz.
23 Glycyrrhetinic acid 470.3396 CyH,60, Glycyrrhiza uralensis Fisch.
24 Liquiritigenin-O-GIluA 432.105 6 C,H,04 Liquiritigenin
25 Isoliquiritigenin-O-GIluA 432.1056 C,H,04 Isoliquiritigenin
26" Fuziline-O-GIuA 629.304 7 CyH,,NO,, Fuziline
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Potential targets

Ingredients targets Disease targets

Figure 2 Venn's diagram of ingredient-disease of Fuzi-Lizhong
pill (FLP)
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Figure 3  Protein-protein interaction (PPI) network of potential
targets for FLP treatment of ulcerative colitis (UC)
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020 025 030 035 040

Rich factor



1816

2524243 Acta Pharmaceutica Sinica 2020, 55(8): 1812 -1822

Vesicle lumen+ »
Secretory granule 4 -

Proteinaceous extracellular matrix - @

Platelet alpha granule lumen < *

Platelet alpha granuleq =
Plasma membrane part 4
Organelle lumen 4
Membrane raft - ®
Membrane-enclosed lumen
E Insoluble fraction - o
g Extracellular space
Extracellular region part 4
Extracellular region 4

Extracellular matrix - ®

External side of plasma membrane -
Cytosol 4
Cytoplasmic membrane-bounded vesicle lumen =
Cell surface 4 o
Cell fraction -
Caveclaq{

-log, (P value)
8

@ 6

4

Gene number
@ ® 10
@®

0.1

03

Rich factor

Figure 5 Cellular component enrichment analysis diagram
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Figure 6 Molecular function enrichment analysis diagram
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Figure 7 Biological function analysis of potential targets for FLP treatment of UC
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Table 2 Enrich KEGG pathways analysis of potential targets for FLP treatment of UC. VEGF: Vascular endothelial growth factor; GnRH:

Gonadotropin-releasing hormone; MAPK: Mitogen-activated protein kinase

ID Term Count Gene P value
hsa05200  Pathways in cancer 21 AR, PTGS2, MMP9, PPARG, MET, TGFBR2, TP53, SMAD4, BCL2L1, MMP2, 1.27x10°
CDK2, MMP1, STAT3, TGFB1, CTNNB1, CASP3, CCND1, JUN, BAX, VEGFA,
GSTP1
hsa05210  Colorectal cancer 10 CCND1, CASP3, JUN, BAX, MET, TGFBR2, SMAD4, TP53, TGFB1, CTNNB1 7.80x107
hsa05014  Amyotrophic lateral sclerosis 8  CASP3, TNF, MAPK14, BAX, TP53, BCL2L1, CAT, CASP1 3.50x10°
(ALS)
hsa05212  Pancreatic cancer 8 CCND1, VEGFA, TGFBR2, SMAD4, TP53, BCL2L1, STAT3, TGFB1 2.77x10°
hsa05219  Bladder cancer 6 CCND1, MMP9, VEGFA, TP53, MMP2, MMP1 1.60x10*
hsa05120  Epithelial cell signaling in 7 CASP3, MAPK14, JUN, MET, ADAM17, SRC, PTPN11 1.86x10*
helicobacter pylori infection
hsa05220  Chronic myeloid leukemia 7  CCND1, TGFBR2, SMAD4, TP53, BCL2L1, TGFB1, PTPN11 3.20x10*
hsa04370  VEGF signaling pathway 7  PLA2G4A, PTGS2, MAPK14, VEGFA, PLA2G2A, SRC, KDR 3.20x10*
hsa00590  Arachidonic acid metabolism 6  PLA2G4A, PTGS2, PTGES, PLA2G2A, ALOX5, CYP2E1 6.28x10*
hsa04912  GnRH signaling pathway 7  PLA2G4A, MAPK14, JUN, PLA2G2A, MMP14, MMP2, SRC 1.34x10°
hsa04520  Adherens junction 6  MET, TGFBR2, SMAD4, WAS, SRC, CTNNB1 2.65x10°
hsa05215  Prostate cancer 6 CCND1, AR, TP53, CDK2, GSTP1, CTNNB1 4.97x10°3
hsa05216  Thyroid cancer 4 CCND1, PPARG, TP53, CTNNB1 5.50x10°%
hsa04115 P53 signaling pathway 5 CCND1, CASP3, BAX, TP53, CDK2 1.02x10
hsa05211  Renal cell carcinoma 5  JUN, MET, VEGFA, TGFB1, PTPN11 1.12x10?
hsa04670  Leukocyte transendothelial 6 ITGAL, MAPK14, MMP9, MMP2, CTNNB1, PTPN11 1.59x10?
migration
hsa04010 MAPK signaling pathway 9 PLA2G4A, CASP3, TNF, MAPK14, JUN, TGFBR2, PLA2G2A, TP53, TGFB1 1.79x107?
hsa05222  Small cell lung cancer 5 CCND1, PTGS2, TP53, BCL2L1, CDK2 2.08x10
hsa04210  Apoptosis 5  CASP3, TNF, BAX, TP53, BCL2L1 2.33x10?
hsa04510  Focal adhesion 7 CCND1, JUN, MET, VEGFA, SRC, KDR, CTNNB1 3.96x102
hsa00591  Linoleic acid metabolism 3 PLA2G4A, PLA2G2A, CYP2E1 4.78x107?
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Figure 8 Network of drug ingredients-targets-pathways. The green v-shaped node represents drug, the red v-shaped node represents
disease, the yellow squares represent absorbed ingredients in blood, the light blue triangle nodes represent pathways, the green round nodes

represent targets
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Table 3 Molecular docking result of absorbed ingredients of FLP in blood. 5-ASA: 5-Amino salicylic acid; VEGFA: Vascular endothelial
growth factor A; STAT3: Signal transducer and activator of transcription 3; TP53: Cellular tumor antigen P53

Name Target PDB ID Affinity/kJ-mol* Name Target PDB ID  Affinity/kJ-mol*
14-Acetyltalatizamine VEGFA 5DN2 -8.9 Formononetin VEGFA 5DN2 -6.9
STAT3 6QHD -8.2 STAT3 6QHD -7.8
TP53 3DCY -7.3 TP53 3DCY -7.7
5-ASA VEGFA 5DN2 -6.4 Fuziline VEGFA 5DN2 -9.0
STAT3 6QHD 6.4 STAT3 6QHD -8.3
TP53 3DCY -6.9 TP53 3DCY -8.8
6-Gingerdione STAT3 6QHD -7.5 Glycyrrhetinic acid TP53 3DCY -5.7
VEGFA 5DN2 -8.2 STAT3 6QHD -9.5
TP53 3DCY -9.0 VEGFA 5DN2 -11.1
6-Gingerol VEGFA 5DN2 -5.3 Glycyrrhizic acid TP53 3DCY -3.4
STAT3 6QHD -5.9 STAT3 6QHD -11.7
TP53 3DCY -6.7 VEGFA 5DN2 -15.7
6-Shogaol TP53 3DCY -4.3 Hypaconitine VEGFA 5DN2 -9.0
STAT3 6QHD -5.8 STAT3 6QHD -9.7
VEGFA 5DN2 -7.1 TP53 3DCY -5.9
7-Hydroxycoumarin STAT3 6QHD -6.2 Isoliquiritigenin STAT3 6QHD -7.9
TP53 3DCY 6.7 VEGFA 5DN2 -8.6
VEGFA 5DN2 -7.0 TP53 3DCY -89
Atractylenolide II VEGFA 5DN2 -6.7 Liquiritigenin VEGFA 5DN2 -7.2
STAT3 6QHD -7.1 STAT3 6QHD -7.8
TP53 3DCY -7.9 TP53 3DCY -8.6
Atractylenolide | VEGFA 5DN2 -7.1 Liquiritin VEGFA 5DN2 -9.3
STAT3 6QHD -7.1 STAT3 6QHD -9.6
TP53 3DCY -79 TP53 3DCY -9.3
Benzoylaconine TP53 3DCY -6.0 L-Pyroglutamic acid VEGFA 5DN2 -5.2
STAT3 6QHD -9.7 STAT3 6QHD -5.7
VEGFA 5DN2 -10.8 TP53 3DCY -5.6
Benzoylhypaconine VEGFA 5DN2 -8.8 Mesaconitine TP53 3DCY -7.7
STAT3 6QHD -9.1 STAT3 6QHD -10.1
TP53 3DCY -0.7 VEGFA 5DN2 -11.6
Benzoylemesaconine VEGFA 5DN2 -10.2 Neoline VEGFA 5DN2 -8.6
STAT3 6QHD -9.5 STAT3 6QHD -8.4
TP53 3DCY -5.9 TP53 3DCY -9.6
Chasmanine VEGFA 5DN2 -8.8 Talatisamine VEGFA 5DN2 -85
STAT3 6QHD -9.6 STAT3 6QHD -8.2
TP53 3DCY -6.0 TP53 3DCY -9.3
Liquiritigenin-O-GIuA VEGFA 5DN2 -8.3 Isoliquiritigenin-O-GIuA  VEGFA 5DN2 -7.1
STAT3 6QHD -9.3 STAT3 6QHD -8.3
TP53 3DCY -7.9 TP53 3DCY 11.9
Fuziline-O-GIuA VEGFA 5DN2 -9.0
STAT3 6QHD -10.2

TP53 3DCY -2.1
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Figure 9 Molecular docking of glycyrrhizic acid and VEGFA. The dashed yellow lines represent hydrogen bonds
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Figure 10 Potential mechanisms of FLP for treatment of UC
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