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Abstract: Objective Based on serum non-targeted metabolomics, serum pharmacokinetics, and network pharmacology, to explore
the pharmacodynamic substance basis and metabolic regulatory mechanism of Bushen Tongluo Formula in the treatment of knee
osteoarthritis (KOA). Methods A rat model of KOA was induced by sodium moniodoethanoate (MIA), and the experimental rats
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were randomly divided into the control group, the model group, and the low and high-dose (400 and 800 mg-kg ") groups of the Bushen
Tongluo Formula. The levels of inflammatory factors in the rat serum were detected by ELISA; the morphology of knee joint cartilage
tissue was observed by hematoxylin-eosin (HE) staining and safranin O-fast green staining, and the degree of cartilage degeneration
was evaluated according to the semi-quantitative scoring system of the International Osteoarthritis Research Society (OARSI). The
serum drug transport components of rats were identified by ultra-high performance liquid chromatography-tandem
quadrupole/electrostatic field orbitrap high-resolution mass spectrometry, potential differential metabolites were screened, and
metabolic pathway enrichment analysis was conducted; the formula-spectrum-effect association model was established by partial least
squares regression to clarify the core pharmacodynamic substances. Results Bushen Tongluo Formula could significantly reduce
cartilage damage in MIA-induced KOA rats and significantly inhibit the inflammatory response. A total of 120 differential metabolites
were screened out, mainly involving six pathways related to amino acid metabolism and lipid metabolism; 18 serum transport
components of the Bushen Tongluo Formula were identified. The spectrum-effect association analysis revealed that betaine, baohuoside
I, and rehmapicrogenin were the core pharmacodynamic substances of this formula for anti-inflammatory effects, and the Bushen
Tongluo Formula for the treatment of KOA was constructed as an association network of components, targets, metabolites, and
pathways. Conclusion Bushen Tongluo Formula can significantly improve the cartilage damage and inflammatory response in KOA
rats. Its mechanism of action may be related to the regulation of the expression of PTGS2 and ALOX5 genes by betaine, baohuo
glycoside I, and rehmapicrogenin, which in turn regulates the content of unsaturated fatty acids such as linoleic acid, sphingosine-1-
phosphate, palmitoleic acid, phosphatidic acid, and palmitic acid in the serum, thereby regulating metabolic pathways such as linoleic
acid and arachidonic acid.
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Table 2 Key callback differential metabolite information

=2 . ) Kt A vs fBRFA ANEIEL )5 iR vs AR
5 O AT dmin M e WP lgC R VP logC Ak
1 TRERIAT CsH7NO.S 1712 21200254 NEG 139 -067 | 1.07 1.03 1
2 HER CsH1INO2 744 11808648 POS  1.09 118 1 1.15 -1.03 !
3 IR CaHa20, 789 33834157 POS 143 095 1 1.26 -1.91 !
4 R CaHoN3O2 1571 13207688 POS 210 114 1 150 -1.13 !
5  FHEEE CisHz7NO2 645 30028963 POS 132 082 1 2.04 -1.74 !
6 MR C24H4004 1119 39128553 NEG 122 147 1 1.15 -2.32 !
7 T-HABENRER  CaaH3Os 1705 40526477 NEG 134 059 1 1.22 -1.50 !
8  EEE-1-BHR  CsHmNOsP 1274 37824161 NEG 112 069 1 1.26 —0.67 !
9 KHR CrHs02 1507 12102951 NEG 110 065 | 1.61 2.05 1

10 HZEK CsH4Os 1903 10300370 NEG 145 -102 | 2.03 0.88 1

11 JHER C24H400s 1552 40728035 NEG  1.05 263 1 1.22 -1.58 !

12 TR CeHsO4s 6.26 23301258 NEG 108 -133 | 1.15 181 1

13 BT CioH1504 2373 20111331 NEG 155 093 1 1.29 -091 !

14 N2-ZM5 CHiNsO: 1671 17510769 POS 115 123 1 150 -1.87 i

AR
15 KRAEHER Ci6Hx02 2177 31323865 NEG 148 070 1 1.08 —0.67 !
16 kBEHZEER  CrHiNOs 1669 15808237 NEG 104 -184 | 221 1.30 1
33
17 o CsH1206 1486 21905103 NEG 225 061 1 1.67 -1.06 !
FEOTIR

18 N-ZWBH=ER  C/HuNOs 1559 15606662 NEG  1.39 074 1 1.17 -1.70

19 g CioHuNO 1590 19411752 NEG 140 080 1 1.03 -1.00

20 ERHEIEPTE CasHasNO4 586 40034237 POS 116 153 1 1.18 -1.65

Y7 EELET 7 SR TR POS-FHE TR NEG-H & T,

“1”-content increases; “|”-content decreases; POS-positive ion mode; NEG-negative ion mode.
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