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Study on network pharmacology of Gualou Guizhi Decoction in treatment of
lower limb spasm after cerebral apoplexy

ZHENG Ya, WANG Bo-long
School of Chemical and Biological Engineering, Yichun University, Yichun 336000, China

Abstract: Objective The mechanism of Gualou Guizhi Decoction (GGD) in the treatment of lower limb spasm after stroke was
analyzed based on network pharmacology. Methods Using the TCMSP and SwissTarget Prediction platform to screen the main
components and targets of GGD, the obtained target information was imported into Gephi software to build the active
components-targets network of GGD. Genecard, DisGeNET, and TTD disease databases were used to screen target genes for stroke and
lower limb spasm; Target protein interaction network was constructed by using STRING platform; KEGG pathways, and GO (Gene
Ontology) function were analyzed by using ClueGO software and DAVID v 6.8 platform. Results Flavonoids, organic acids, and
saponins of GGD was applied to 49 key target genes, such as IL6, TNF, EGFR, ESR1, TP53, STAT3, and F2, etc; Forteen category
biological processes including proliferation of striated muscle cells, bone remodeling, smooth muscle cells, muscle cells and
endothelial cells proliferation were involved; Thirty signaling pathways, including TNF, MAPK, PI3K-Akt, ALS, serotonergic
synapse, and neurotrophin, etc, were regulated. Conclusion Various active ingredients of GGD has pharmacological effects such as
anti-inflammatory, antioxidant, neurotrophic, and participate in some biological processes , such as muscle cell proliferation, so as to
treat lower limb spasm after stroke from central nervous system and peripheral muscle tissue two-ways.
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Table 1 Active ingredients basic information of Gualou Guizhi Decoction (GGD)

NSy 3¢ CAS#H5 AT NIy 3¢ CAS 5 PTH
HER glycyrol 23013-84-5  CuHisOs | BB TR gallic acid 149-91-7 C7H40s
FHEX isoliquiritigenin 961-29-5 CisHinOs | 6-Z/ilH 6-shogaol 555-66-8 C17H2403
HEAHE B licochalcone B 58749-23-8  CieHis0s | HHEH liquiritin 551-15-5 C21H2209
HE IR glycyrrhetinic acid 471-53-4 CaoHasOs | REER citrulline 372-75-8 CeH1sN303
~YH paconiflorin 23180-57-6  CasHasOn | HAIKERR cinnamic acid 621-82-9 CsHs02
2-RIENEER 2-hydroxycinnamic acid ~ 583-17-5 CoHsOs | HHER glycyrrhizin 1405-86-3  CxHexO16
SRR chlorogenic acid 327-97-9 CieHi1s0y | HEER vanillic acid 121-34-6 CsHz04
3-REENEER 3-hydroxycinnamic acid ~ 14755-02-3  CoHsO3 | HiH &ty neoliquiritin 5088-75-5  CauHx09
4-FRIEPIRETR 4-hydroxycinnamic acid ~ 501-98-4 CoHsOs | ToHA{EHF ononin 486-62-4 Ca2H209
HEEHA A licochalcone A 58749-22-7  CuHnOs | 8-ZMH 8-gingerol 30462-35-2  C43H32020
JRLZRE protocatechualdehyde 139-85-5 CHeOs | FHHH isoliquiritin 5041-81-6  C2H209
KA benzoylpaeoniflorin 38642-49-8  C3oHa2On2 | GHi/REHF B uralsaponin B 105038-43-5  CxHeO16
FERE S isoliquiritin apioside 120926-46-7  CosHzoO13 | HE & liquiritigenin 578-86-9 CisH1204
FEREH R liquiritin apioside 199796-12-8  CasH30013 || 6-ZEF) 6-gingerol 23513-14-6  Ci7H2604
HEZH H2 licoricesaponin H2 135815-61-1  CauHexO16 || AjZ A BT albiflorin 39011-90-0  Ca3HasOn
TR B THFE R pentagalloylglucose 14937-32-7  CaiH3Os | MF2HEEFE  4-hydroxybenzoic acid ~ 99-96-7 C7HeOs
HEEH G2 licoricesaponine G2 118441-84-2  CxHaO17
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Fig. 1 Network of “ingredients-targets”
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Fig.2 Venn diagram of composition target-disease target
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Table 2 Main anticancer target genes
AR RS i3 7 UL [0 SRR i3 7 PR
1IL6 0.594 95 0.0733 1. 2 | CCNDI 0.538 69 0.0158 1
TNF 0.572 85 0.0590 1. 2 | COMT 0.458 31 0.0153 1. 2
TP53 0.589 95 0.0564 1. 2 | CYPI9ALI 0.474 29 0.0153 1. 2
EGFR 0.592 94 0.0543 1. 2 | PRKCA 0.476 34 0.0150 1. 2
APP 0.514 54 0.0457 1. 2 | MAPT 0.471 24 0.0141 1.2
PTGS2 0.556 74 0.0442 1. 2 | KDR 0.510 49 0.0127 1. 2
CASP3 0.508 84 0.0426 1. 2 | SLC6A4 0.454 25 0.0122 1.2
MAPK1 0.556 84 0.0395 1. 2 | ALDHI1A1 0.444 22 0.0119 1
FOS 0.549 77 0.0384 1. 2 | NR3ClI 0.494 37 0.0112 1.2
ESR1 0.551 74 0.0337 1. 2 | FASLG 0.461 25 0.0107 1. 2
STAT3 0.551 81 0.0326 1. 2 | ADRA2A 0.441 33 0.0104 1
NOS3 0.529 55 0.0272 1. 2 | PPARG 0.510 48 0.0103 1. 2
SLC2A1 0.458 25 0.0262 1. 2 | ERBB2 0.524 59 0.0999 1
F2 0.478 30 0.0253 1. 2 | ACHE 0.476 27 0.0934 1.2
MMP9 0.522 61 0.0240 1. 2 | ABCG2 0.463 27 0.0823 1
SOD1 0.498 39 0.0223 1. 2 | NOS1 0.463 26 0.0814 1. 2
JUN 0.560 78 0.0220 1. 2 | MAPK14 0.509 54 0.0803 1. 2
AKRIBI 0.471 23 0.0219 1 LGALS3 0.445 22 0.0802 1.2
LEP 0.524 54 0.0209 1. 2 | HTR1A 0.429 27 0.0789 1.2
GJA1 0.477 33 0.0208 1. 2 | CHRM2 0.432 24 0.0757 1
CYP2EI 0.476 32 0.0207 1 STAT4 0.447 23 0.0750 1.2
CYPIA1 0.472 32 0.0204 1 JAK2 0.492 48 0.0723 1. 2
CTNNBI1 0.523 68 0.0174 1. 2 | BCL2L1 0.500 46 0.0618 1.2
AR 0.509 56 0.0173 1. 2 | MMP3 0.470 29 0.0612 1. 2
PRKACA 0.465 37 0.0168 1.2

17 RERERAF A 8T 27 AARERAIEH N R0

“1” represents direct targets for stroke; “2” represents direct targets for lower limb spasm
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Fig. 4 Network of GO function annotation
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Fig. 5 Pie diagram of GO function annotation
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Table 3 KEGG signaling pathways
KEGG {7 58 #% Z 5583 R PH
TNF signaling pathway FOS. JUN. CASP3. IL6. MMP3. MMP9. MAPKI1. MAPK14. 3.20X1078
PTGS2. TNF
MAPK signaling pathway FASLG. FOS. JUN. CASP3. EGFR. MAPT. MAPK1. MAPK14. 7.20X1077
PRKCA. PRKACA. TNF. TP53
amyotrophic lateral sclerosis (ALS) BCL2L1. CASP3. MAPKI14. NOS1. SOD1. TNF. TP53 9.30X1077
HIF-1 signaling pathway EGFR. ERBB2. IL6. MAPK1. NOS3. PRKCA. STAT3. SLC2A1 3.30X10°¢
serotonergic synapse HTR1A. APP. CASP3. MAPKI. PTGS2. PRKCA. PRKACA. 8.70X10°¢
SLC6A4
PI3K-Akt signaling pathway BCL2L1. FASLG. JAK2. CHRM2. CCND1. EGFR. IL6. KDR. 1.50X 107
MAPKI1. NOS3. PRKCA. TP53
VEGF signaling pathway KDR. MAPK1. MAPK14. NOS3. PTGS2. PRKCA 5.40X107°
cholinergic synapse FOS. JAK2. ACHE. CHRM2. MAPK1. PRKCA. PRKACA 9.70X1073
FoxO signaling pathway FASLG. CCNDI1. EGFR. IL6. MAPKI1. MAPK14. STAT3 2.70X107
Jak-STAT signaling pathway BCL2L1. JAK2. CCNDI1. IL6. LEP. STAT3. STAT4 420X 107
Toll-like receptor signaling pathway FOS. JUN. IL6. MAPKI. MAPKI14. TNF 7.20X1074
apoptosis BCL2L1. FASLG. CASP3. TNF. TP53 8.00X 107
glioma CCND1. EGFR. MAPKI1. PRKCA. TP53 9.50X107*
adipocytokine signaling pathway JAK2. LEP. STAT3. SLC2A1. TNF 1.30X 1073
calcium signaling pathway CHRM2. EGFR. ERBB2. NOS1. NOS3. PRKCA. PRKACA 1.30X 1073
sphingolipid signaling pathway MAPKI1. MAPK14. NOS3. PRKCA. TNF. TP53 1.30X 1073
osteoclast differentiation FOS. JUN. MAPK1. MAPK14. PPARG. TNF 1.90X 1073
ErbB signaling pathway JUN. EGFR. ERBB2. MAPK1. PRKCA 2.80X1073
rheumatoid arthritis FOS. JUN. IL6. MMP3. TNF 2.90X1073
Ras signaling pathway BCL2L1. FASLG. EGFR. KDR. MAPKI1. PRKCA. PRKACA 4.10X107
T cell receptor signaling pathway FOS. JUN. MAPKI1. MAPKI14. TNF 4.60X1073
retrograde endocannabinoid signaling MAPKI1. MAPK14. PTGS2. PRKCA. PRKACA 4.80X1073
Alzheimer’s disease APP. TNF. NOS1. MAPT. CASP3. MAPKI 5.50X1073
NOD-like receptor signaling pathway IL6. MAPK1. MAPKI14. TNF 6.40X1073
neurotrophin signaling pathway FASLG. JUN. MAPKI1. MAPK14. TP53 8.80X1073
cAMP signaling pathway HTR1A. FOS. JUN. CHRM2. MAPK1. PRKACA 0.0110
dopaminergic synapse FOS. COMT. MAPK14. PRKCA. PRKACA 0.0110
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