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Abstract: This study aimed to investigate the immune-regulating mechanism of the ginseng sea buckthorn complex (GSC)
using network pharmacology, molecular docking, cellular experiments, and animal experiments. Network pharmacology
was applied to predict potential immune-regulating pathways and key targets of GSC. Molecular docking was performed to
assess the binding properties between GSC components and these key targets. Cellular and animal experiments were

designed to verify the immune-regulating effect of GSC. Results showed that network pharmacology predicted GSC might
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regulate immune function by acting on signaling pathways such as lipid and atherosclerosis and MAPK signaling pathway,

as well as key targets including tumor necrosis factor (TNF). Molecular docking results indicated that GSC components

exhibited good binding properties with the key target TNF, with all binding energies below —6.00 kcal/mol. Cellular experi-

ments demonstrated that GSC increased TNF-a secretion in RAW264.7 macrophages: Low, medium, and high doses ele-
vated TNF-a secretion from 1201.96 pg/mL to 1908.63 pg/mL (P<0.001), 1859.04 pg/mL (P<0.001), and 1737.38 pg/mL
(P<0.001), respectively. In animal experiments, GSC showed a significant immune-enhancing effect: The spleen index was
increased to 0.3273% (P<0.05), the optical density difference was raised to 0.06 (P<0.001), the toe thickness difference was
increased to 0.58 mm (P<0.001), and the half-hemolysis value was enhanced to 106.10 (P<0.01). In conclusion, GSC may
exert immune-regulating effects by modulating signaling pathways such as lipid and atherosclerosis, MAPK signaling

pathway to affect immune cell activity, while regulating TNF-a concentration.

Key words: ginseng sea buckthorn complex (GSC); immune regulation; tumor necrosis factor (TNF); network pharma-

cology; molecular docking
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Table 1 Databases and software used in network pharma-
cology and molecular docking research
Bl e S A Wik AR
TCMSP https://www.tcmsp-e.com/
Uniprot https://www.uniprot.org/
Pubchem https://pubchem.ncbi.nlm.nih.gov/

Swiss Target Prediction http://www.swisstargetprediction.ch/

PharmMapper https://www.lilab-ecust.cn/pharmmapper/
Genecard https://www.genecards.org/
OMIM https://www.omim.org/
Venny 2.1.0 https://bioinfogp.cnb.csic.es/tools/venny/
STRING https://cn.string-db.org/
PDB https://www.rcsb.org/
cytoscape 3.10.3
R 45.1
Pymol 3.1.6.1
Autodock vina 1.5.7
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Table2 Types of ginsenosides contained in GSC

%S BAFAR A1 KU
1 AZEHRg, Cy,H0,, A&
2 ABHRHRE CypH70y4 AZ
3 ANZHEARo Cy4sH76019 Az
4 20(R)-AZH HRg, CpH,0), e
5 20(8)-AZHHRg, CpH,0, A&
6 NS, CyH70y3 A&
7 20(S)-AZ R HRh, C3H,04 A&
3 AZ AR CygHgyO A&
9 NSRBI, C3Hg, 0 N~
10 NS 1Rg, CyH7001, A&
11 20(S)-AZH HRg;, C,H.0,5 A&
12 20(R)-AZ 1 Rg, CpH,0, A&
13 20(8)-IEAZ =1 C3Hs,0, A&
14 NSRS CyH7005, A&
15 NS AR, CypH700y, A&
16 AZSBIFCK Cy¢Hg, 05 A&
17 AZ 1R, C36Hg,05 Az
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JEHE NPT R E SRS, FL3AS 451 NTE
TP A
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K1 GSC-Immunity 32 ZE4 15 K]

Fig.1 GSC-Immunity intersection target map
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Fig.2 GSC component-target network diagram
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Table 3 Core component scorecard

Hes 2K W
1 Rf 40
2 Rh, 39
3 Rg, 38
3 Rd 38
5 Rh, 37
5 Rg;s 37
5 F, 37
5 Rg; 37
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Fig.3 Intersection target PPI network diagram
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Fig.4 GSC regulates immune core target map
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Table 4 Results of core target scoring

He# #HK ey
1 TNF 38
2 EGFR 37
3 STAT3 35
4 AKTI 33
5 ILIB 33

2.6 GO. KEGG EENHER
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O, PEHL GSC #8775 S e 43 1T S 19 8 A% 0 L4y
Rf, 20(S)-Rh,. Rg,. Rd. Rh,, Rgs. F; }2 Rg; 5 5
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255 BB ZE—7.00 keal/mol LI B, T334 BH P 3 AETE
Bemm N . e RT E—2EHED GSC B R
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