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Abstract: This study investigates the anti-fatigue effects and mechanisms of Lycium barbarum and Ginseng
combination using network pharmacology and in vivo validation. The effective components and their action targets
of Lycium barbarum and Ginseng were explored through TCMSP, ETCM and other databases combined with
literature. The fatigue targets were obtained through OMIM and Gene Cards databases. The intersection targets of
drug targets and disease targets were screened out and imported into String database and Cytoscape 3.10.0 to
construct PPI network. GO and KEGG enrichment analysis of the core targets were performed by David database.
A mouse exercise-induced fatigue model was established to evaluate the anti-fatigue effects and mechanisms of the
Lycium barbarum-Ginseng combination. The results showed that 55 active ingredients of Lycium barbarum and
Ginseng were obtained, corresponding to 573 targets. The number of fatigue targets was 1 137, 115 total targets
and 26 core targets were screened. KEGG enrichment pathways mainly included PI3K-AKT, HIF-1a, AGE-RAGE
and other signaling pathways. All animal experiments were approved by the Experimental Animal Ethics
Committee of Nanjing University of Chinese Medicine (approval number: 202308A018). The results showed that
the low, middle and high dose groups of Lycium barbarum and Ginseng (1:1) could prolong the exhaustive
swimming time of mice, and the middle dose group had a more significant effect than Ginseng group and Lycium
barbarum group. The middle and high dose groups of Lycium barbarum combined with Ginseng significantly
reduced blood urea nitrogen (BUN) in mice. Compared with Ginseng group and Lycium barbarum group, the high
dose group had a more significant effect. Lactic acid (LD) levels were significantly decreased in Ginseng group,
Lycium barbarum group and combination group. Compared with the Ginseng group, the levels of liver glycogen
(Lgly) and muscle glycogen (Mgly) were significantly increased in the middle dose group of Lycium barbarum
combined with Ginseng. The levels of malondialdehyde (MDA) and superoxide dismutase (SOD) in serum were
significantly decreased in Ginseng group and Lycium barbarum combined with Ginseng high dose group. The
content of glutamic oxaloacetic transaminase (AST) and glutamic pyruvic transaminase (ALT) in the high dose
group of Lycium barbarum combined with Ginseng can be significantly decreased. The results of Western blot
showed that the low dose group of Lycium barbarum combined with Ginseng could significantly up-regulate the
expression of P-PI3K and AKT proteins in the muscle tissue of fatigue mice, and the middle dose group could
significantly down-regulate the expression of P-AKT and HIF-1la proteins. Compared with Ginseng group and
Lycium barbarum group, the expression of PI3K protein in the high dose group was significantly increased. The
expression of AKT protein in the low-dose group was significantly increased. In conclusion, Lycium barbarum
combined with Ginseng has more positive effects on improving exercise endurance, reducing the accumulation of
metabolites and improving glycogen storage levels in mice than Ginseng group and Lycium barbarum group, and
its mechanism may be the regulation of AKT, PI3K, HIF-la and other core targets and PI3K/AKT/HIF-la
signaling pathway to exert anti-fatigue effect.
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Table 1 Active ingredients of Ginseng (RS) and Lycium barbarum (GQZ)

Number Compound CAS Molecular formula Type Source

1 Ginsenoside Ral 83459-41-0 C, Hy O, Saponin RS

2 Ginsenoside Ra2 83459-42-1 C Hy O, Saponin RS

3 Ginsenoside Ra3 90985-77-6 Cy,H,,0,, Saponin RS

4 Ginsenoside Rb1 41753-43-9 C,H,,0,, Saponin RS

5 Ginsenoside Rb2 11021-13-9 C,H,,0,, Saponin RS

6 Ginsenoside Rb3 68406-26-8 C,,H,,0,, Saponin RS

7 Ginsenoside Rc 11021-14-0 C,H,,0,, Saponin RS

8 Ginsenoside Rd 52705-93-8 C,H.,0 ¢ Saponin RS

9 Ginsenoside Re 52286-59-6 C,H.,0 ¢ Saponin RS

10 Ginsenoside Rf 52286-58-5 C,H,0, Saponin RS

11 Ginsenoside Rgl 22427-39-0 C,H,0, Saponin RS

12 Ginsenoside Rg2 14197-60-5 C,H,,0, Saponin RS

13 20(S)-Ginsenoside Rg3 80952-71-2 C,H,,0, Saponin RS

14 20(R)-Ginsenoside Rh1 8214-33-2 C,H, 04 Saponin RS

15 Ginsenoside Rh2 105558-26-7 C,H,,0, Saponin RS

16 Ginsenoside Rh3 174721-08-5 C,Hy Oy Saponin RS

17 Ginsenoside Rh4 34367-04-9 C,H, O, Saponin RS

18 Ginsenoside RO 87733-67-3 CH,,0,, Saponin RS

19 Ginsenoside Rsl 87733-66-2 CH,,0,, Saponin RS

20 Ginsenoside Rs2 74964-14-0 C,H,0, Saponin RS

21 Ginsenoside Rg5 83459-41-0 C, Hy O, Saponin RS

22 Panoxadiol 19666-76-3 C,,H;,0, Terpene RS

23 Ginsenoyne A 139163-34-1 C,,H,,0, Hydrocarbon RS

24 Ginsenoyne B 139035-29-3 C,,H,,0, Hydrocarbon RS

25 Ginsenoyne C 139163-35-2 C,H,0, Hydrocarbon RS

26 Sucrose 57-50-1 C,H,,0, Saccharide RS, GQz
27 Fructose 1624243 CH,,0, Saccharide RS, GQZ
28 Glucose 2280-44-6 CH,,04 Saccharide RS, GQZ
29 Maltose 69-79-4 C,H,,0, Saccharide RS, GQZ
30 Proline 147-85-3 C,H,NO, Amino acid RS, GQZ
31 Citrulline 372-75-8 CH;N,O, Amino acid GQZ

32 Arginine 74-79-3 CH N,O, Amino acid RS, GQZ
33 Alanine 56-41-7 C,H,NO, Amino acid RS, GQZz
34 Hydroxyproline 51-35-4 C,H/)NO, Amino acid GQz

35 Asparaginate 70-47-3 C,H.N,O, Amino acid RS, GQZ
36 Glutamine (Gln) 56-85-9 C,H,)N,O, Amino acid RS, GQZ
37 Uridine 58-96-8 C,H,)N,O, Nucleoside GQZ

38 Uracil 66-22-8 C,HN,0, Nucleoside GQZ

39 Adenine 73-24-5 C,HN; Nucleoside GQzZ

40 Hypoxanthine 68-94-0 C,HN,O Nucleoside GQzZ

41 CGMP 7665-99-8 C,H,N,O,P Nucleoside GQz

42 Citric acid 77-92-9 CH,O, Organic acid RS

43 Succinic acid 110-15-6 CHO, Organic acid RS

44 Malic acid 6915-15-7 C,H,0O; Organic acid RS

45 Lactic acid 50-21-5 C,HO, Organic acid RS

46 p-Coumaric acid 501-98-4 C,H,O, Organic acid GQZ

47 Ferulic acid 537-98-4 C,,H,,0, Organic acid GQz

48 Salicylic acid 69-72-7 C.HO, Organic acid RS, GQZ
49 Cinnamic acid 140-10-3 C,H,0, Organic acid GQz

50 Atropine 51-55-8 C,,H,,NO, Alkaloid GQZ

51 2,2'-Methylenebis (4-methyl-6-tert-butyphenol) 119-47-1 C,;H,,0, Volatile oil GQZ

52 Cyanin 20905-74-2 C,,H,,0,, Pigment GQZ

53 Scopoletin 92-61-5 C,,HO, Coumarin GQz

54 Rutin 153-18-4 C,,H,,0,, Flavonoid GQZ

55 Kaempferol 520-18-3 C . H O, Flavonoid GQZ
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Figure 1 PPI network diagram of potential anti-fatigue targets of GQZ and RS. The more dependent on the inner ring protein, the higher

the correlation
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Figure 2 Active ingredient-common target network diagram of RS and GQZ. Yellow: Active ingredient of RS; Red: Active ingredient of

GQZ; Orange: Common component; Green: Component-disease target
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Figure 3 GO and KEGG enrichment analysis of the anti-fatigue effects of GQZ combined with RS. A: GO enrichment analysis; B: KEGG

analysis. BP: Biological process; CC: Cell components; MF: Molecular function; Count: Number of enriched genes
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Figure 4 Effects of RS and GQZ treatment on swimming time (A), BUN (B), LD (C), Lgly (D), Mgly (E), MDA (F), SOD (G), ALT (H),
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BUN: Blood urea nitrogen; LD: Lactic acid; Lgly: Liver glycogen; Mgly: Muscle glycogen; MDA: Malondialdehyde; SOD: Superoxide

dismutase; ALT: Glutamic pyruvic transaminase; AST: Glutamic oxaloacetic transaminase. RS: Ginseng group, 0.3 g-mL"; GQZ: Lycium

barbarum group, 0.3 g'mL™"; 1: 1L: Low dose of Lycium barbarum combined with Ginseng group, 0.16 g-mL"; 1: 1M: Medium dose of

Lycium barbarum combined with Ginseng group, 0.3 g-mL™"; 1: 1H: High dose of Lycium barbarum combined with Ginseng group, 0.6 g'-mL";

Y: Rhodiola Capsule, 0.068 g-mL"
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Figure 5 HE staining results of gastrocnemius muscle of mice in each group (%20, scale bar =50 um; n = 3). A: Con group; B: Mod group;
C: Y group; D: RS group; E: GQZ group; F: 1:1L group; G: 1:1M group; H: 1: 1H group; Red haircut: Lymph nodules; Gray arrow: Muscle

fiber rupture; Brown arrow: Lymphocyte and granulocyte infiltration
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Figure 6 Effect of each administration group on the protein expression of PI3K, AKT and HIF-1a in gastrocnemius muscle of fatigued

mice. n=3,x=s. “P<0.05 vs control group; "P < 0.05, P < 0.001 vs model group; *P < 0.05 vs RS group; “P < 0.05 vs GQZ group
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