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Abstract: Objective: To investigate the mechanism of Rhodiola crenulata in alleviating exercise-induced fatigue (EIF)
through integrated network pharmacology, animal experiments, and metabolomics. Methods: Network pharmacology was
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employed to screen potential targets of active components and EIF-related disease targets. Protein-protein interaction (PPI)
networks of overlapping targets were constructed, followed by GO and KEGG pathway enrichment analyses. C57BL/6N
mice were divided into control, EIF model, and low, medium, and high-dose Rhodiola crenulata groups. The EIF model
was established via exhaustive swimming and rotarod tests. The body weight, exhaustive swimming time, and other
physiological signs were recorded. Histological examination of skeletal muscle was conducted using HE staining. The
concentrations of serum lactate, muscle glycogen, and liver glycogen, as well as the levels of IL-6 and TNF-a in skeletal
muscle, were measured using assay kits. Additionally, the expression levels of VEGFA and AKT]1 proteins in skeletal
muscle were assessed using Western Blotting and qRT-PCR. Metabolomic profiling of skeletal muscle was performed to
identify differential metabolites and associated pathways, which were further integrated with network pharmacology results.
Results: Network pharmacological identified 110 overlapping targets between Rhodiola crenulata and EIF. Key targets
were identified as TNF, IL-6, VEGFA, and AKTI, while bioactive constituents included epicatechin, quercetin,
epigallocatechin gallate and others. Compared to the model group, administration of medium and high doses of Rhodiola
crenulata extremely significantly prolonged the exhaustive swimming time (P<0.001), improved skeletal muscle fiber
alignment, reduced serum lactate (P<0.001), elevated glycogen levels (P<0.001), and decreased IL-6 and TNF-a levels
(P<0.001). High-dose administration markedly downregulated the protein expression of VEGFA and upregulated that of
AKT1 (P<0.001). Metabolomics revealed 46 differential metabolites in skeletal muscle, primarily enriched in
glycerophospholipid metabolism, a-linolenic acid metabolism, linoleic acid metabolism, and arachidonic acid metabolism.
Integrated analysis highlighted glycerophospholipid and arachidonic acid metabolism as pivotal pathways. Conclusion:
Rhodiola crenulata alleviates EIF by ameliorating skeletal muscle pathology, promoting glycogen synthesis, reducing
lactate accumulation, suppressing inflammation, and modulating lipid metabolism. This effect is potentially mediated via
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TNF, IL-6, VEGFA, AKT]1, and the glycerophospholipid and arachidonic acid metabolism pathways.
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Table 1 Identification and analysis of differential metabolites

- Aty AT PRI vt B 2H AT i
VIP P ] VIP P .
1 LPC(0-16:0/2:0) C,6Hg,NO,P 236 0.01 ! 1.85 0.03 1
2 3-H LKA IR 2-F 5L 5 4 R CgHO, 2.44 0.00 ! 1.89 0.04 1
3 1A e Pl 3ok -2~ T g P B -sn- H Y1l -3 -l AL ik C,,Hg,NOP 2.36 0.00 1 1.45 0.03 !
4 R B - ARy - — A% TR C,HpeN,0,,P," 1.60 0.04 1 2.20 0.03 !
5 2,3-T B C,H,,0, 1.65 0.03 1 2.13 0.00 !
6 ZEURBEE C,HN,0, 1.84 0.01 1 227 0.02 !
7 G-I TERE T 3k ) = AR LG fhd C,H,,CIN,O 2.07 0.00 ! 2.84 0.00 !
8 LPC(18:1/0:0) C,6Hs,NO,P 2.50 0.00 ! 2.04 0.01 1
9 TR R Cy6H3,NO, 227 0.00 ! 1.89 0.03 1
10 HfimtC Cy,Hg0, 1.76 0.01 ! 2.06 0.00 1
11 2- (PR B AL ) -5 H-N-( (IR Z UL ) B btk ) R Tk Tk e C,sHN,058 1.54 0.04 1 2.07 0.02 !
12 PR C,,Hy,04 1.98 0.04 1 2.06 0.03 !
13 PC(18:0/18:2) C,,Hg NOGP 2.49 0.00 ! 2.00 0.00 1
14 2-Oleoyl-1-palmitoyl-sn-glycero-3-phosphocholine Cy,Hg,NOgP 2.44 0.01 1 222 0.02 !
15 PI1(18:0/20:4(8Z,11Z,14Z,17Z)) CyHgO 5P 1.70 0.05 1 1.80 0.01 1
16 EZ2 NN C,gH, 604 223 0.00 ! 1.95 0.02 1
17 SRR ZHR- 2 3 TR C,,H;40, 2.44 0.00 ! 1.95 0.04 1
18 b 55 ] CyHgoNO,, 226 0.02 1 1.74 0.05 !
o BRI cor 25 0w L e oo
20 1,2-Dipalmitoyl-sn-glycczr&?;ﬁl;;)sphoethanolamine-N,N- CoH,NOP 201 0.01 1 278 0.00 1
21 (1-(5-FURHE) - 1TH-M5|WE-3-35) (2,2,3,3- VU B BR T 4L ) FE C,,H,;,FNO 2.08 0.00 1 2.09 0.01 !
22 2-(FE B ) -4- 40 T iR C,H0, 2.29 0.00 ! 2.02 0.01 1
23 PE-NMe2(11D3/13M5) Cs5oHggNO, P 1.92 0.02 1 2.25 0.00 1
24 RHT CioH 4N, 1.92 0.01 ! 1.90 0.01 1
25 ZET 3R C;gHsoNsO,S 1.61 0.03 ! 2.78 0.00 1
26 FEK CyoH;,0, 1.69 0.02 ! 241 0.00 !
27 Phe-Arg-Leu-Glu C,Hy N0, 1.40 0.04 ! 2.04 0.02 1
28 Phe-Val-Lys-Lys CygHyyN¢Os 2.14 0.00 l 1.63 0.04 1
29 Ser-Ile-Asn-Lys CH;eN,O; 2.29 0.00 ! 1.94 0.03 1
30 KDN2-3Gal1-4GIcNAcSp CysH,uN,Opg 1.81 0.02 ! 2.69 0.00 1
31 Tumonoic acid I C,;H,,NO, 2.13 0.00 l 1.87 0.04 1
32 Hiri%&B Cy,H,04 1.80 0.01 ! 2.58 0.00 !
33 TR C,H, NO; 1.79 0.02 1 2.17 0.01 1
34 6-FH 25 SIS CeH Oy 1.75 0.03 1 229 0.00 1
35 9,10,13- =F3E-11-1 /iR CyH;,05 2.13 0.00 1 1.77 0.05 !
36 8-S bR C,6H3005 1.83 0.01 1 1.89 0.02 !
37 1-A5AEBE-2-7H BE-sn-glycero-3-(phospho-rac-( 1-glycerol ) ) C,4oH,,0;0P 2.02 0.02 ! 2.08 0.03 1
38 (R)-(2, 4-—HURAIL) N IETR; (R)-—5NIR CoH,CL,0,4 2.17 0.00 ! 2.50 0.01 1
39 WUV 3A TR Cy3H;,N,O¢ 1.87 0.01 ! 2.08 0.01 !
40 PA(18:1(92)/18:1(9Z)) C3oH,;,04P 1.56 0.00 1 2.73 0.00 1
41 HIFIRZEBI CyoH3,0, 2.16 0.00 1 2.15 0.01 !
¥y PS(18:0/20:4) C,,H:NO, P 2.18 0.00 ! 2.77 0.00 !
43 2-%-2,3- K -5- L R CHO, 1.65 0.04 ! 2.01 0.04 1
44 2- B F-sn-HH-3- AR - L- 22 Z R C,H,gNO, P 221 0.00 ! 3.21 0.01 !
45 it R -1 2 R - A A R - i R C,sH;0N,04 1.91 0.01 ! 2.14 0.01 !
46 N-FEA: DU B 1 22 C,oH,NO, 1.96 0.00 1 2.04 0.01 !
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