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molecular docking method. Methods TCMSP, ETCM, Swiss Target Prediction, PharmMapper and other databases were used to
obtain the targets of the active ingredients of Citri Grandis Exocarpium in combination with literature reports. The differentially
expressed genes of arterial pulmonary hypertension were obtained by multi-chip analysis of GEO database, and the potential disease
genes of arterial pulmonary hypertension were screened by combining with GeneCard, DisGeNET, and DiGSeE databases. The
intersection of the disease genes and the active ingredient targets was taken, and the Cytoscape 3.7.2 software was used to construct
the visualization network of the active ingredient-targets of Citri Grandis Exocarpium. Based on the String database, the protein
interactions network of the targets of Citri Grandis Exocarpium for the prevention and treatment of arterial pulmonary hypertension
was constructed, the core targets were analyzed and screened, GO functional enrichment analysis and KEGG signaling pathway
enrichment analysis were performed, and the active ingredient-target-signaling pathway network of Citri Grandis Exocarpium was
constructed. The molecular docking was performed between the top ten active ingredients and the core targets obtained from the
network topology analysis, and the molecular binding free energy was predicted by Autodock Vina and visualized by Pymol. Results
15 active ingredients were screened, and 150 targets were identified for arterial pulmonary hypertension, including TP53, ACTB, TNF,
VEGFA, MAPK3, HIF1A, CASP3, etc. GO enrichment analysis yielded 572 entries related to biological processes, 115 entries related
to molecular functions, and 84 entries related to cellular components (P < 0.01). KEGG pathway enrichment analysis yielded 173
signaling pathways (P < 0.01), mainly involving cancer pathway, lipid and atherosclerosis pathway, fluid shear stress and
atherosclerosis, cellular senescence, HIF-1 signaling pathway, PI3K-Akt signaling pathway, I1L-17 signaling pathway, and apoptosis.
The molecular docking results showed good binding activity between key components and key targets. Conclusion Citri Grandis
Exocarpium exerts its effect on the treatment of arterial pulmonary hypertension through multi-target and multi-pathway.
Key words: Citri Grandis Exocarpium; pulmonary arterial hypertension; network pharmacology; GEO database; molecular docking;
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Table 1 Main active ingredients of Citri Grandis Exocarpium
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Fig. 3 Network diagram of the main active ingredient targets of Citri Grandis Exocarpium
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Table 2 Network characteristics of all components in Citri Grandis Exocarpium-target network nodes

] TE R B B degree 18
S12 NS 0.509 164 70 0.512 578 620 79
S7 il B2 0.298 705 41 0.447 802 20 56
S10 B R 0.185 620 86 0.393 719 81 33
S2 Mkt 0.092 294 84 0.363 839 29 19
S3 B-15 S B 0.133 067 08 0.372 146 12 19
S8 IR &= 0.064 873 17 0.372 146 12 19
S6 ERi 0.019 296 89 0.365 470 85 15
S13 Al B2 0.046 366 94 0.363 839 29 15
S14 ELE 0.038 266 11 0.365 470 85 15
S5 A8 e T 0.009 186 22 0.360 619 47 12
S11 [l A 0.050 722 27 0.349 785 41 11
S4 7 R 0.003 445 27 0.335 390 95 10
S9 EAass 0.003 445 27 0.335 390 95 10

S1 ZHETRER 0.006 122 13 0.352 813 85 9
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4 WABLLATT PAH $UZEE PPI RS 5 WARLLIATT PAH ¥ H PPI M4
Fig. 4 PPI network diagram of PAH target protein treated ~ Fig. 5 PPI network diagram of PAH target protein treated
by Citri Grandis Exocarpium by Citri Grandis Exocarpium

R3 ZLESHNHRINESRSR
Table 3 Analysis of topological parameters of core target

B RE R L E B0 degree | RLRx b E HGEhE degree fH
TP53 0.086 275 24 0.695 652 17 86 ACE 0.01858904 0.537 31343 35
ACTB 0.078 209 82 0.685 714 29 85 TIMP1 0.009 51043  0.525547 45 35
TNF 0.087 436 89 0.669 767 44 79 RELA 0.00314517 0.53136531 34
VEGFA 0.043 078 40 0.634 361 23 73 CYCS 0.01271793 0.533 333 33 33
MAPK3 0.063 339 02 0.634 361 23 72 KIT 0.002 75985 0.51428571 32
HIF1A 0.050 550 35 0.626 086 96 69 ADIPOQ 0.007 77396  0.525 547 45 32
CASP3 0.027 946 46 0.628 820 96 68 NFKB1 0.003 62478  0.521739 13 29
PTGS2 0.037 643 92 0.605 042 02 61 NOS2 0.01065855 0.510 638 30 29
HRAS 0.04973272 0.602 510 46 60 HSPAS 0.00653286 0.529 41176 28
MMP9 0.037 363 01 0.597 510 37 58 PIK3R1 0.005 44459  0.500 000 00 28
HSP90AA1 0.025 825 89 0.597 510 37 55 HSP90AB1 0.00346089 0.517 98561 27
PPARG 0.033127 94 0.590 163 93 54 CCNA2 0.01049769  0.510 638 30 27
ICAM1 0.005 997 64 0.558 139 53 46 CDK1 0.007 43177 0.488 13559 27
CREB1 0.052 451 40 0.562 500 00 46 CHEK1 0.00307541 0.488 13559 26
NOS3 0.009 956 49 0.560 311 28 43 ABCB1 0.013 74223  0.508 833 92 25
IL-4 0.012 714 39 0.549 618 32 43 HSPA8 0.00392531  0.500 000 00 24
IFNG 0.004 263 84 0.547 528 52 41 F2 0.005296 38  0.489 795 92 22
CDKN2A 0.007 708 08 0.549 618 32 41 DPP4 0.01551040 0.494 845 36 22
KDR 0.006 577 86 0.537 313 43 40 ABCG2 0.003 98852  0.500 000 00 20
SERPINE1 0.005 262 59 0.535 31599 39 CTSD 0.00328355 0.486 486 49 20
IL2 0.003 844 01 0.547 528 52 39 TOP1 0.004 86121 0.475 24752 18
AR 0.015 624 40 0.545 454 55 38 CYP1Al 0.016 24419  0.488 13559 18
PIK3CA 0.012 640 01 0.527 472 53 38 CFTR 0.03450527 0.483 22148 18
MPO 0.006 727 80 0.525 547 45 37 ALOX5 0.00340512  0.480 000 00 18
MDM2 0.004 964 80 0.539 325 84 37 GSTP1 0.002 82355 0.473684 21 16
HMOX1 0.003 938 95 0.531 36531 36 TGFBR2 0.00297468  0.478 405 32 16
PLG 0.011 730 44 0.521 739 13 36




HIBHESH 202345 H RS E T Y3

Drugs & Clinic

\ol. 38 No. 5 May 2023

» 1035 -

BP G0:0042493~response to drug
G0:0009410~response to xenobiotic stimulus
G0:0001666~response to hypoxia

G0:0007568~aging

G0:0043065~positive regulation of apoptotic process
GO0:0043066~negative regulation of apoptotic process
G0:0010629~negative regulation of gene expression
G0:0010628~positive regulation of gene expression
G0:0008284~positive regulation of cell proliferation
G0:0030335~positive regulation of cell migration
GO0:0070374~positive regulation of ERK1 and ERK2 cascade
G0:0006954~inflammatory response

G0:0051897~positive regulation of protein kinase B signaling
GO0:0050728~negative regulation of inflammatory response
GO0:0071456~cellular response to hypoxia

G0:0045907~positive regulation of vasoconstriction
G0:0050482~arachidonic acid secretion

G0:0043410~positive regulation of MAPK cascade
G0:0048661~positive regulation of smooth muscle cell proliferation
G0:0009611~response to wounding

MF

15
WHENT

20

LR
10
® 15
® 20
[ W1

—lgP

15.0
125
10.0

7.5

G0:0019899~enzyme binding
G0:0042802~identical protein binding
G0:0005515~protein binding
G0:0005524~ATPbinding

G0:0031625~ubiquitin protein ligase binding
G0:0004252~serine- type endopeptidase activity
G0:0004089~carbonate dehydratase activity
G0:0097718~disordered domain specific binding
GO:0004674~protein serine/threonine kinase activity
G0:0016836~hydro- lyase activity
G0:0002020~protease binding
GO0:0004175~endopeptidase activity
G0:0047498~calcium- dependent phospholipase A2 activity
G0:1990239~steroid hormone binding
G0:0004672~protein kinase activity
G0:0019901~protein kinase binding
G0:0008233~peptidase activity

G0:0008270~zinc ion binding
G0:0001223~transcription coactivator binding

G0:0051087~chaperone binding

cC
G0:0019899~enzyme binding
G0:0042802~identical protein binding
G0:0005515~protein binding
G0:0005524~ATPbinding
G0:0031625~ubiquitin protein ligase binding
G0:0004252~serine- type endopeptidase activity
G0:0004089~carbonate dehydratase activity
G0:0097718~disordered domain specific binding
G0:0004674~protein serine/threonine kinase activity
G0:0016836~hydro- lyase activity
G0:0002020~protease binding
GO:0004175~endopeptidase activity
G0:0047498~calcium- dependent phospholipase A2 activity
G0:1990239~steroid hormone binding
G0:0004672~protein kinase activity
G0:0019901~protein Kinase binding
G0:0008233~peptidase activity
G0:0008270~zinc ion binding
G0:0001223~transcription coactivator binding
G0:0051087~chaperone binding

® x5
® 50
® 5
® 100
9125

—IgP

S~ 01O N oo

10

20
® 40
@ 60

8 10
BERET

6 IBLIATT PAH B GO E&E 1R
Fig. 6 GO enrichment analysis of Citri Grandis Exocarpium in treatment of arterial pulmonary hypertension
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Fig. 7 KEGG pathway enrichment analysis of Citri Grandis Exocarpium in treatment of pulmonary arterial hypertension
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Fig. 8 Component-target-pathway network of Citri Grandis Exocarpium
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PyMOL #fExif s as &t (453 RE<-29.29
kd/fmol) i 73 55 #E s A5 RHEAT T RLAL , DL A
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FEAT R, LA 9.

R4 WIBLLEMR S S XL EEEETUN
Table 4 Prediction of binding energies of active ingredients and key targets in Citri Grandis Exocarpium

454 fgl(kJ-mol ™)

Eaty/i %y

TP53 ACTB TNF  VEGFA MAPK3 HIFIA CASP3 PTGS2 HRAS  MMP9
FEERH -33.80 4310 -3222 -37.66 -37.24 2510 -33.47 -42.68 -4058 —37.66
IR R 3% -26.36 —30.96 -26.78 —28.03 -3054 -18.83 -26.78 -3473 -31.80 —26.36
TR -27.61  —3222 -2636 -27.61 3473 -2092 -29.71 -3849 3598 —31.80
S P B -2594 3054 2761 2761 2887 -19.25 26,78 -3598 —31.38 —27.20
T FZ 2 -25.94  —3305 2636 —27.20 -29.29 —20.08 —27.20 3598 —33.89 -—28.87
il B2 -3389 3515 -32.64 —37.24 —38.07 2469 —33.89 -40.17 4226 —36.82
Mk EF -33.05 —39.75 -31.80 —33.05 3598 2427 3473 -4393 4017 -36.82
T R % -2761  —2845 -2552  —28.03 —3222 -1841 2720 -35.15 3138 —26.36
-4 £ i -29.29 3515 2678 -28.03 —31.38 2301 —26.36 -3849 —39.75 -31.80
Higee) -26.36 —33.05 -2510 —27.20 -28.87 -18.83 2720 —36.40 -32.64 —25.94
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Fig. 9 Component-to-target docking results
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