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Abstract

Objective: To explore the potential signaling pathways and mechanism of Selaginella doederleinii’s
anti-myocardial ischemia using network pharmacology. Methods: the compounds about Selaginella
doederleinii were obtained through the TCMSP and related literature and screened according to the
oral bioavailability and drug-like properties; the databases (Pub Chem, Swiss Target Prediction,
Gene Cards) were used to predict compound targets and the disease targets, then by the Bioinfor-
matics and “component-target” network was constructed by Cytoscape 3.7.2; finally, a Wayne dia-
gram of the intersection targets was made at Bioinformatics and a PPI network was constructed for
GO and KEGG enrichment analysis. Results: There were 17 Selaginella doederleinii compounds and
395 targets of which included 120 anti-myocardial ischemia targets. The main anti-myocardial
ischemia proteins are VEGFA, TNF, TP53, PTGS2, and JUN. In GO analysis biological pathways in-
volved the regulation of the MAPK cascade; cell components comprised membrane valves, mem-
brane microdomains; molecular function analysis involved receptors, enzymes, and transcription
factors. There were 286 KEGG enrichment pathways, among which the important pathways were
the AGE-RAGE signaling pathway in diabetic complications and neuroactive ligand-receptor inte-
raction etc. Conclusion: The research suggested that by network pharmacology, amentoflavone,
apigenin, hordenine, etc. might have therapeutic effects on myocardial ischemia. The main target
genes and pathways of resistance to myocardial ischemia were preliminarily predicted, which
provided a new direction for the study of resistance to myocardial ischemia.
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1. 518

2018 F 0 MR IET: HIREW £ JHR A TRRNE AL, HEEFERMMKBEH[L]. VLS
(myocardial ischemia)f& 4t H R N IL T AR EFRSEZAE,  (BETTNE « RN « FiRis ) 1d#][2] “ 0,
kA, B0y RE, B BN, BN 0T L BB S, o oNPORRSEE. MR, K
OO Ik A B R S RS o BRI 20 T 0 LI I R AE LA B B 2 X, (AT 5 E 2k
B AOM AR . RIE S K [3].  H AT O SRR 2 SR S T LB I, G v 2k - R e
o I T A O LA A A7« R A S A LR 98 R S LY o LR ML [4] 5 SBRAT. AR 88 ik 9 S8 Ao N R A 1
Ca” a3 oL BRI [5] o

i AR B RIRE R B TR S5 Selaginella doederleinii Hieron. (4%, HPEmRH L 0 s,
BT EXBREEINR, BT H MR EERSE6]. A bahEa 27, EEAXN
T A RIEERIE AVLIRSS, XL TEDUMIR . Bra b F0 /N i SR AL 55 7 T R L
RUFZ554(8] [9] [10]. HET, KT-FA LAapi Vs AR 0 se i kb, A bR bk B e 2 2 30 i i
IR AR F 2 B O R ER, B T

WA 2% 25 B 2L A0 A3 BT 4 TR S 525 2 IV ELVE T . TN 259 RO 25 B0 LA . 3R R 25 i3 1
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(] e VE ¥ A S5 A & R A . B E RSt A (1] AR FIER A FHUNIE S R, @it TCMSP
TG JOSCHRIT I A AR A BARI N TGS, s B RE RSB %, 12 A Cytoscape 3.7.2 14
BEZ NS - AN A, 2 GO M KEGG & S Hr el i A7 EApHi - VLsk i 3= ZEEEIL R AE S, N
ARG O R LS SRR SRR T 1A

1.1. A EPHNESTRE

K v 24 R 48 25 3R FE A3 BT F 5 (TCMSP) [12], BL “F b7 1B o8, KR aeitbam,
DL AR A= 40 K 2 (Oral Bioavailability, OB) 125244 (Drug-Likeness, DL)/E Ak brite, 5284 EMdik
HW, GA SRR B A B B A U8

1.2. A LB R M KD AN R I #0 2 %

A FAA SRS SN Pub Chem (https://pubchem.ncbi.nim.nih.gov/) %4 %[13], 7E Biological Test
Results 1T~ AL 55, LA “9606, active” Jiiidk, 1521/ % RIFE & N BT 208> 2D 4544,
S\ Swiss Target Prediction $# 72 [14], PAMEZR KT 0.1 G 1 50 £, B HE 47 EARAE R s MR S R AfE R

PL “myocardial ischemia” Jyo<4#i], 7£ Gene Cards 33 FE[15]h HEATAG R, FRAG O WLBR ML AR S HE A
®H.

1.3. EEHEmEF

B A LA TR EE S5 R RSB I Uniprot B E[1I6IR EH S EH, SAWMEGHEL T A
(http://www.bioinformatics.com.cn/), FJH & ia H = BUIETE 2 T B A5 A EAA R0 55 % o LR i #E
HEA, UFERERIHEXR.

1.4. R4 - SRR MEIaE

B BRI BUR Y KR NS HE SN Cytoscape3.2.7 At [17], M i A7 AR L LR I 0 2% 55 R I
HR 45 2 A8 (Degree) X HeiE 47 i1k, 15t EAAHTC LB L A RAOE 1k 520 Ko 5 80 s 2 18] I AE F o5 &
1.5. LEH PPl MEHE

B EAE U8 B 5 S R S RS R R A S5 R N String BE FE[18], SR SR “Home
sapiens” , 1HEHE SR A2 MM E/EHXRE, S Cytoscape3.2.7 #ff, Ll SR AMLE, MRHEE
EHETTNEE, FREOZAPEERR.

1.6. ThEES#R

Rt — DRSS 5N S KRE B, KA a0 s NS EEFA
Metascape(http://metascape.org/) 54 FE[19], EFEH FWF A “Home sapiens” , #iki#t4T GO 7 HrfudE Ak
Y& 12 (BP). 44143 (CC). 4> T Ihfit(MF)F1 KEGG @i & %04, #R4E P EA/NIET &S5 7 H
Kot HAE &£ 0, Roma BAIR o SO U L AT BEP K 14E S5 BB A 55 2 5 I E 1% .

2. R
2.1. A EHEBHR S B ETHE

Wit TCMSP $E a2 A EAIE A B MBI A FAIFSOCHR, B2 A 208 17 AN
R IPL-IPLT(WLF 1), QUFRREEAXGEN . ok K. WE TR, /NEEEE. 2 PubChem %4 F1

DOI: 10.12677/tcm.2021.106117 842 HRE 2


https://doi.org/10.12677/tcm.2021.106117
https://pubchem.ncbi.nlm.nih.gov/
http://www.bioinformatics.com.cn/
http://metascape.org/

FRE %

¢

Swiss Target Prediction {## FEAS 2% il 70 % N #E AT 395 4, 18I 5 GeneCards £t ZEAS: 2 773 #IL U RH i
Je, BRI ERPTOALEBR I S A 120 NUILE 1), SRS SEom s R 1. BE 1 A

— P RO P AR, — NME R AT AR Y, R T 28R 2 a7 R AR R

Table 1. Active ingredients contained and corresponding targets in Selaginella doederleinii
= 1. ALMRBYRS R NES

75 W& EX4 ot NP I s B
GABRAL PGF VEGFA OPRD1 OPRK1 ELANE MMP9
JP1 FEAEAZ H R Amentoflavone HTR2C PTPN1 VCP MAPT PLA2G2A MMP2 ESR2
PLA2G7 CDK5R1
JP2 BV A Podocarpusflavone A ICD:'?F?NI/CP PGF VEGFA GABRAl HTR2C OPRD1
JP3 B 5 XU Robustaflavone ELANE PTPN1 MMP2 MMP9
JP4 A X I Ginkgetin PTPN1 VCP PGF VEGFA HTR2C OPRD1
JP5 SRR XU i Isoginkgetin PGF VEGFA HTR2C OPRD1 PTPN1
JP6 H5 X T Heveaflavone VEGFA HTR2C OPRD1 VCP
ACHE CYP1B1 PIM1 ESR2 DPP4 TTR OPRK1
OPRM1 XDH MAOA TTR CYP19A1 OPRD1 MAOB
NOX4 ESR1 CYP3A4 GSK3B FLT3 CDK5R1 ESRRA
GABRA1l PGR ABCG2 PRKN MPO ALOX15 AR
JP7 IR Apigenin NR3C1 ESR2 CYP2C19 PTGS2 HDAC9 CFTR ABCB1
AKR1B1 HIF1A TP53 MAPT PPARD PPARG BRCAL1
NFE2L2 APP NR1I2 DAPK1 BCHE NR1H4 ELANE
VDR PIM1 GNAI1 IL1B INSR CYBB SMAD3 SMAD2
NFKB1 RELA
. Lo KIT PIM1 ADORAl1 ADORA2A FLT3 AKR1B1
P8 Ji RE U i Hinokiflavone A horA3 PTGS2 CYP1BI
DRD2 OPRM1 OPRK1 OPRD1 DRD1 SLC6A2
SLC6A3 HTR2A HTR2C ADRB2 HRH3 ADRA2A
JP9 N Hordenine ADRA2C HTR3A SLC6A4 ADRB1 MAOA ADRAIA
ADRB3 HTR2B AOC3 GAPDH MAOB ADRA2B
SCN5A
. S CFTR SLC6A4 TNF ITGAL PTGER3 NOS2 CYP19A1
JP10 FRER Shikimic acid PRKCA RORA
s " L MAPT CAl NFE2L2 DPP4 CA9 CA3 CA5B TP53
JP1L BT Gallic acid SELP GAPDH SELL ESRRA VDR JUN APP
P12 Kt Palmitic acid FABP4 ESR1 PPARA FABP2 FABP3 TLR2 PPARD
PPARG
W, R L PTPN1 ALOX5 SOAT1 HIF1A SHBG SLC6A2 OPRM1
JP13  FEEMA T B — Rk Isopimpinellin MAPKS ALOX15 AL OX12
JP14 THEM Yangambin CA1 CA9 CA3 CA5B
o CYP1B1 ACHE BCHE CYP2D6 TERT GAPDH
1
JPLS AN Syringic acid PRKAB1 PRKAA2 PRKAA1 PRKAG2 YAPL
. KCNMAL CYP3A4 ABCG2 AKR1B1 CYP1B1 OPRD1
JP16 LS S berbine KIT OPRM1 NOX4 ALOX5
JP17 518l AN B Nobiletin CYP3A4 CYP1B1
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Figure 1. Venn diagram of the intersection of component targets
and disease targets
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2.2. pior - BBRMLE

KA EAR TR 17 AN R0 50 0 LB S ST I 2 R AR SR, FIH Cytoscape3.7.2 FA4 43 il 1 BT 1
g, MR - SN EEI(LE 2). Hd = MAIRREG %5, B TARR S E A, 158 Network

VC\P MAOB RORA DPP4 FABP3 NOX4 ADORA2A HIFIA MAOA CYP3A4 MAPT
PRKMZ PTGS2 CYP19A1 P?F MAOA HIF1A GAPDH TERT CDKSR1 PIM1 MAPK9
YAP1 \ SHBG NFE2L2 MAOB VCP NR1H4 PRKAA1 ABCG2 MAPT VDR KIT
SELP OPRM1 PLA2G7 ADRA2A PRKAG2 GSK3B NFKB1 ADORA3 SMAD3 FLT3 MMP2
MMP9  NR3C1 = PIM1 ABCG2 OPRK1 ' CA9 SLC6A3 MPO ~ TNF  ESR2 PRKN
HTR2C PPARD ADORA1 HTR2C SLCBA4 SLC6A2 ESRRA PTGS2 DRD2 PRKCA HTR2A
ADRB3 IL1é _JUN SCNSA NOS2 ACHE TLR2 TR ABCB1 SOAT1 ADRA2B
APP AR GNAII\ FL'Ts PTGER3 TTR ESR2 OPRK1 RELA  AOC3 NOX4
HTR28 CFTR OPRD1 on PPARA DRD1 ALOX15 SELL OPRD1 HDAC9 ADRA2C
ACHE  MMP2 cyp1a1 AKR1B1 0PRM1 ALOX12 SMAD2 - DPP4 ADRB1  PGR PPARG
ALOX15 GABRA1 BS VEGFA coxsm INSR PTPN1 ELANE CYP19A1 PTPN1 CYP1B1
TPS531 LESR1 GABRA1 BCHE \NRHZ CA1 BRCM FABPZ cyYsB ADRA1A ITGAL
HTR3A CYP2D6  CASB GAPDH cYP2c19 HRH3 ADR82 04\3 KCNMA1 DAPK1 FABP4
ALOX5 PRKAB1 AKR1B1 MMP9 PLAzszA K ] '

l . 1
\ I \

Al \ P12,
P4/ \ P13
.nps | . P14

JP2 \ JP15

IJBtAJP" JP16.

Figure 2. Active ingredients corresponding to disease target network; note: the triangle
represents the compound, and the rectangle represents the target protein
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analysis X} W 28 EIBEAT 204, IS 21— RPN 4, @it 0 a7 FE{E (degree) Gt i i LR AE (L3 2). A
KRl EEEEL AR EYE SRR, KEFM. BSOS, EEFELENESEAN
PTPN1. VEGFA. HTR2C %5, H—FbtEWxt i 2 A0S, AL FEER T — AN .

Table 2. Composition value table

=2 BSEER

Fe PubChem ID &Y Degree
P11 5281600 FETEAZ X T 16
P2 5320644 B IRA KB A 8
JP3 5281694 AR RSl 4
P4 5271805 HRAT U 6
JP5 5318569 SR X 7
JP6 15559724 R AR X0 5 T 4
p7 5280443 FrER 59
P8 5281607 Ji R R B 9
JP9 68313 K 25
JP10 8742 FEER 9
JP11 370 BETH® 15
JP12 985 FRAEER 8
JP13 443028 RO B T B — HITE 10
JP14 10742 TER 4
JP15 2353 /NEER 11
JP16 72344 JBREE R 10
JP17 68079 S [ A 2

2.3. TR PPI PLE

FE AT R A3 o I 95 S A B B A e TS A% & String $¥E %, 1%+ medium confidence 4 0.4, 15
FI) 120 A2 A HE 2 8] AR OC SR B (L ] 3) o AR 194 4% =145 tH 120 A5 U1 1045 %320, B3 BEAE M 17.4,
SRR KRB 0.516. F PPI 4% &S\ Cytoscape3.7.2 %, A HHI AR 19 22 18] 56 Sy B I W9 2% 3
AT, AR S SR s P A, R E ARG E 4), DORREEHER TR, XEETE
REAETRYT O LR M 77 TH R FE R IIPE A

2.4.GO 1 KEGG B&E4#H

& Bh Metascape 7E 4% T. 2 #5347 GO Fll KEGG &40 1. K 120 N2 448 25 5 N\ Metascape, i%
BT RN, RIRHHAT EE 0. L P H < 0.05 1E ATk &, Bl 400 H B ERE (L
% 3~6). LIRPHHEIEEE S ELE 5~8). 5. E 6. H 7 8 GO o HIAMThes. 4uiZ 7 Fl oy
TIife, Kl 8 KEGG g, ME LA RAERIEN SR, AV REER] 1740 5%, FEW LKEMRT
MAPK 215 s L% « A6 Bk S R S s 2 70 1530 93 &, 1E I BE Al 3 B0 A T i . it
WX %5 HFIRERE] 161 2%, FEA 2, M. BRXHT25H.
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Figure 3. StringPPI network diagram
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Figure 4. PPI network target interaction relationship diagram

4. PPI MBI BAE X RE
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Table 3. Biological pathway enrichment table

=3 EMREESRE

Term Count Pvalue
positive regulation of MAPK cascade 29 2.22207E-23
organic hydroxy compound metabolic process 29 2.22207E-23
cellular response to lipid 29 1.16E-22
cellular response to nitrogen compound 30 2.3474E-22
response to oxygen levels 25 3.35018E—22
circulatory system process 28 4.20522E-22
response to hypoxia 24 6.44736E—22
regulation of neurotransmitter levels 24 9.5323E-22
response to decreased oxygen levels 24 1.3996E-21
signal release 26 1.74879E-21
reactive oxygen species metabolic process 22 2.13051E-21
cellular response to organonitrogen compound 28 3.20213E—21
G protein-coupled receptor signaling pathway 21 7.37975E-21
regulation of MAPK cascade 30 9.21535E-21
regulation of protein transport 28 2.17174E-20
regulation of small molecule metabolic process 25 3.75405E-20
regulation of tube diameter 17 5.01767E-20
regulation of blood vessel size 17 5.01767E-20
regulation of blood vessel diameter 17 5.01767E-20
vascular process in circulatory system 18 5.45284E-20
organic hydroxy compound metabolic process
positive regulation of MAPK cascade
cellular response to lipid
cellular response to nitrogen compound
response to oxygen levels
circulatory system process
response to hypoxia
Pvalue

regulation of neurotransmirrer levels
response to decreased oxygen levels

signal release

Term

reactive oxygen species metabolic process
cellular response to organonitrogen compound
G protein-coupled receptor signaling pathway
regulation of MAPK cascade

regulation of protein transport

regulation of small molecule metabolic process -
regulation of blood vessel diameter -

regulation of blood vessel size -

regulation of tube diameter 4

BP vascular process in circulatory system =

0

Figure 5. GO enrichment analysis (BP: biological pathway)
& 5. GO B (BP: E£4NR1E)

10 20
Count

30

5.452840e-20

4.090186e-20

2.727531e-20

1.364877e-20

2.222070e-23
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KEGG & fil Bt 3t 286 7%, Al R Sl B A SRR FERE AL « W PRI T A0RE H i) AGE-RAGE
Sl MPIEIERCA - MBI 8515 516 812, cAMP {5 SR HIF-1 {55 iE%. M
VUS5SSR AT & SR M, TR AR FAEAE R, s AR AR 25 A FBEEL
Ak, AFRT ARG 5@, IR RER .

Table 4. Cell component enrichment table

=4 MEESEER

Term Count Pvalue
membrane raft 18 4.7E-15
membrane microdomain 18 4.95E-15
intrinsic component of postsynaptic membrane 13 6.28E-15
membrane region 18 9.61E-15
presynaptic membrane 12 3.67E-12
cell body 17 6.82E-10
axon 17 2.42E-09
neuron projection membrane 7 8.03E-09
receptor complex 14 5.17E-08
perinuclear region of cytoplasm 15 5.51E-07
plasma membrane raft 7 6.28E-07
nuclear transcription factor complex 8 8.81E-07
nuclear envelope 11 6.34E-06
nuclear envelope lumen 3 9.02E-06
axolemma 3 3.37E-05
axon part 9 6.59E-05
protein kinase complex 5 8.72E-05
cytoplasmic vesicle lumen 8 0.00011
vesicle lumen 8 0.000113
cytoplasmic vesicle membrane 10 0.002045
Table 5. Molecular function enrichment table
#=5 DTMEEESRSR
Term Count Pvalue
nuclear receptor activity 13 4.66231E—20
G protein-coupled amine receptor activity 11 2.31581E-16
catecholamine binding 8 2.64314E-16
lipid binding 26 4.05731E-16
transcription factor binding 24 4.06531E-16
adrenergic receptor activity 7 7.96079E-16
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Continued
transcription coactivator binding 9 3.35519E-15
transcription cofactor binding 10 1.57482E-14
protein domain specific binding 22 3.88449E-13
ammonium ion binding 10 4.56775E-13
neurotransmitter receptor activity 11 2.75152E-12
protease binding 11 1.8922E-11
heme binding 11 2.04874E-11
tetrapyrrole binding 11 4.38984E—-11
neurotransmitter binding 8 5.78495E-11
oxidoreductase activity 20 7.95948E-11
ubiquitin protein ligase binding 13 5.27618E-10
serotonin binding 5 1.02893E-09
ubiquitin-like protein ligase binding 13 1.12201E-09
long-chain fatty acid binding 5 3.86143E-09
membrane raft
membrane microdomain
intrinsic component of postsynaptic membrane
membrane region
presynaptic membrane
cell body
axon
- Pvalue
neuron projection membrane
0.0020
receptor complex
é perinuclear region of cytoplasm 0.0015
s plasma membrane raft -+ 0.0010
nuclear transcription factor complex 0.0005
nuclear envelope
nuclear envelope lumen
axolemma
axon part
protein kinase complex
cytoplasmic vesicle lumen
cC vesicle lumen
cytoplasmic vesicle membrane
0 5 10 15 20
Count
Figure 6. GO enrichment analysis (CC: cell component)
6. GO EEZ#7(CC: #AAaLASY)
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nuclear receptor activity

G protein-coupled amine receptor activity
catecholamin binding

lipid binding

transcription factor binding

adrenergic receptor activity

transcription coactivator binding
transcription cofactor binding

protein domain specific binding

ammonium ion binding

Term

neurotrancmitter receptor activity
protease binding

heme binding

tetrapyrrole binding
neurotransmitter binding
oxidoreductase activity

ubiquitin protein ligase binding
serotonin binding

ubiquitin-like protein ligase binding
MF long-chain fatty acid binding

L J

Count
Figure 7. GO enrichment analysis (MF: molecular function)
& 7. GO B (MF: 9 FIhgE

Table 6. Enrichment table of KEGG pathway
7 6. KEGG Bl E&ER

20

Pvalue

3e-09

2e-09

le-09

Term

Count

Pvalue

Neuroactive ligand-receptor interaction
AGE-RAGE signaling pathway in diabetic complications
Fluid shear stress and atherosclerosis
Non-alcoholic fatty liver disease
cAMP signaling pathway
cGMP-PKG signaling pathway
Inflammatory bowel disease
Adipocytokine signaling pathway
Calcium signaling pathway
IL-17 signaling pathway
HIF-1 signaling pathway
TNF signaling pathway
AMPK signaling pathway

inflammatory mediator regulation of trp channels

9.07775E-22
2.82127E-17
1.6426E-15
1.90333E-14
5.65367E-14
2.78556E-13
9.4159E-12
1.64559E-11
2.26665E-11
2.56325E-10
2.34888E-09
2.21697E-08
5.07055E-08
3.35772E-07
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Continued
Toll-like receptor signaling pathway 7 3.35772E-07
NOD-like receptor signaling pathway 7 8.99714E-06
Drug metabolism-cytochrome P450 5 1.28935E-05
Glycine, serine and threonine metabolism 4 2.60439E-05
Adrenergic signaling in cardiomyocytes 6 3.76567E-05
NF-kappa B signaling pathway 5 5.66793E-05

Neuroactive ligand-receptor interaction
AGE-RAGE signaling pathway in diabetic complications
Fluid shear stress and atherosclerosis
Non-alcoholic fatty liver disease
cAMP signaling pathway
cGMP-PKG signaling pathway
Inflammatory bowel disease
Adipocytokine signaling pathway Pvalue
Calcium signaling pathway 5e-05
£ IL-17 signaling pathway 4e-05
e HIF-1 signaling pathway | 3e-05
TNF signaling pathway 2e-05
AMPK signaling pathway 1e-05
Toll-like receptor signaling pathway
inflammatory mediator regulation of trp channels
NOD-like receptor signaling pathway
Drug metabolism - cytochrome P450
Glycine, serine and threonine metabolism *:]
Adrenergic signaling in cardiomyocytes -
KEGG NF-kappa B signaling pathway | 1 1 I
0 5 10 15 20 25
Count

Figure 8. KEGG enrichment analysis
8. KEGG Z&E 7 #h

3. Wig

A SEIGAE BN 2 23 ) 7, 8 R G RIEE T, RS A AT AR O LR i A
RIIRAIRITVE - R FIVE AL . ARIEBE LSS RN, A B 05 1 A 085 vl B X G LBk LA
WITTER, R WHE . iR, WE TR . E.R. Woo Z5[20] & B LARESE A2 XU B vk FEE A9 i ) 1%
A 7-B(NF-B) /3 1) — S AL B A B (INOS) B R (R 52, R A2 008 J A AR f 7 = 1) i 22 0 T 5
FUERME RAW 264.7 2105 5 A4 — SE A GBI RIL, Mk —F & M4, RS RIER: Baf
PR T COX-2 BMEAXRIAKT, MEIRTFIIRER E2 &M, MM REFIRER[21], 7 OULE MR
Wio oz il LAZERTR BRI EVE O R RR LRI ), R /DR T2, /NGO IUEETI AR, HAR T4
MR AL S R 0 AL Bax. Caspase-3 A1 Bel-2 (I35 3¢, M B Ht.0o LB M1 H [22] - Chiu-Mei

= 2,
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Lin S5 [23]17EWF LI & F IR AR W AR SMEB AT 3 MR IO IERIPVER, 45 R BRI TR AT Re il
1 miR-145. Wnt3a fll g-EME AR IA . N Dab2 F [ £, @i miR-145 F1 Dab2/Wnt3a/s-catenin
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