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(Abstract] Objective To explore the mechanism of action of Duhuo Jisheng Decoction (DHJSD) in the treatment of knee
osteoarthritis (KOA) through network pharmacology and metabolomics. Methods A total of 40 SD rats were randomly divided into a
blank group, a model group, a DHJSD group, and a glucosamine hydrochloride (GH) group, with 10 rats in each group. Except the
blank group, KOA models were established in all the other groups by intra—articular injection of 50 wL of sodium iodoacetate @0 mg/
ml). The DHJSD group was administered DHJSD (9.56 gkg) via gavage, the GH group was given glucosamine hydrochloride (1 gkg),
while the model and blank groups received an equal volume of normal saline. Liquid chromatography—tandem mass spectrometry
(LC-MS/MS) was used to check the serum components of DHJSD, and network pharmacology analysis to identify potential key
targets of DHJSD in the treatment of KOA. After establishing the KOA rat model, HE staining, RT—-qPCR, and Western blot were
performed to verify the regulatory effects of DHJSD on the nuclear factor kappa-B (NF—«B) and phosphoinositide 3 —kinase/
mammalian target of rapamycin PI3KmTOR) signaling pathways in KOA. Additionally, metabolomics was employed to screen differential
metabolites. Results A total of 49 components were identified, primarily including flavonoids, terpenoids, phenylpropanoids, and
alkaloids. Network pharmacology and metabolomics analyses revealed that the signaling pathways of Toll-like receptor, tumor
necrosis factor (INF), interleukin—-17 (IL-17), and sphingolipid metabolism may represent key therapeutic targets of DHJSD in the
treatment of KOA. Animal experiments demonstrated that DHJSD significantly improved the cartilage structure in KOA model rats,
reduced fibrosis, alleviated inflammatory responses, and downregulated the protein expression of NF-kB p65 and p-PI3K (P<0.05).
Conclusion The therapeutic effects of DHJSD in KOA treatment may be related to the regulation of signaling pathways and
metabolic pathways such as NF-kB, PI3K/mTOR, and sphingolipid metabolism, thereby achieving the improvement of metabolic
homeostasis, the alleviation of inflammatory responses, and the promotion of joint repair.

(Keywords] knee osteoarthritis; Duhuo Jisheng Decoction; network pharmacology; metabolomics; sphingolipid metabolism
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HHE 6 g(#15:92231239), g ARG HEILIC A F
FHAh 6 o(HL'5: AB442472) Z5HL 6 ¢(HIL5: AB450782),
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Table 1 Primer sequences
eSS SIMFE(5-3) P EE /bp
GAPDH 1E ACAGCAACAGGGTGGTGGAC 253
JZ 1] TTTGAGGGTGCAGCGAACTT
Beclin-1 1E GAGGTACCGACTTGTTCCCT 225
JZ [ CCTTTCTCCACGTCCATCCT
LC3 1E[ AAAATGGGGCACGGATGAAG 155
JZ 1] GCAGGTCTTCAAAATGCCCA
P62 1E[] TACCTTTGCCTCCAACACCT 152

JZ 1] TTGAAGCTCCCCATGTCCAT

rno—mir—140-5p

1EJi] TGCGCAGTGGTTTTACCCTA

514 GTCGTATCCAGTGCAGGGTCCGAG
GTATTCGCACTGGATACGACCTACCA
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Fig.1 Total ion current chromatogram in positive and negative ion modes
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Fig.2 Venn diagram of blood-entering components
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SRS N e, E g 4w, 8
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p62 X rno-miR-140-5p FKik 52 545 HEHAH
L, BEAVZH Beclin—1 35 1 3% T B p62 FKik7KF-
2T (P<0.01) . SAAIZIAHLEL ,DHISDZ Be-
clin—1 235 & 7H & (P<0.01) .p62 Fik F & (P<
0.05), GH 411 Beclin—1 AL TDHISD 4 fi1%s
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A= (P<0.05 5] P<0.01), TEWLFE 3,
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FERIZH | DHJSD 2 NF-kB-p65 F1 p-PI3K #i5 F %
(P<0.05) ,GH H [FIAAIR TR (P<0.05, P<0.01)
WK,

24 MiBEREHEZER

241 LC-MS/MS Rt oty AR IR 2 ik
T, PR REAR P 80 H B S A AR 8 o s, UL R
TA B, FTAREARB S AGTE 95% &7 X AP, 1565
s BT R mfsse Rl 2 v 1L 7C.D,
FEIE B AT, S 885 Fi 2z AR 78
BTSRRI R 1 639 Az SR, W IE
8A B, if—5 R FHRI L LA BE B R 0 22 A
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Table 2 Prototype components of DHJSD in blood
i P gats aFR Bttt PREAEFTE]/min b
1 Kaempferol 0.999 CisH,006 285.043 205.448 B
2 Bergapten/Heraclin 0.998 CpHg0, 217.049 272.570 KNEH
3 Licoricesaponin G2 0.988 CHeO7 837.389 214.705 (=S
4 Quercetin-3-O-galactoside 0.987 CoHaO1 463.088 90.689 B
5  Ginsenoside Ro 0.984 CysHieO10 955.491 383.385 [
6  Tsobergapten 0.969 CpH;0,4 217.049 238.959 KNELE
7 Ginsenoside Re 0.969 CsHuO» 1 077.584 296.692 ik
8  Quercetin—3—O—glucuronide 0.958 CoHis013 477.067 89.758 B
9  Naringenin 0.944 CisH 05 271.061 219.826 B
10 5,7 -dihydroxy -2 —(4 ~hydroxyphenyl) -6 —[3,4,5 ~trihydroxy —6 —(hydrox- 0.923 CaHaOso 433.112 168.725 B
ymethyl)oxan—2—yl|chromen—4-one
11 Rutin 0.921 CyH3o06 611.159 84.985 B
12 Flavonol base + 30, O-Hex 0.921 CoHyOy 447.093 94.491 S
13 Licofuranocoumarin 0.920 CaiHx0, 385.127 119.725 SIE €
14 Kaempferol-3—-0-glucuronoside 0919 CyHi5012 461.072 92.996 TS
15 Withanolide A 0.913 CosHi06 471.275 740.129 [LES
16 (2E,4E)-N-(2-methylpropyl)deca—2,4-dienamide 0.890 C1:HxNO 224.200 494.559 E s
17 Pectolinarigenin 0.888 C7H 1404 313.071 344.616 Wiz
18 6 -3 —[(3,4 —dimethoxyphenyl)methyl] -4 —methoxy —2 —(methoxymethyl) 0.875 CoyH30, 415.211 484.780 NI
butyl]-4—methoxy—1,3—-benzodioxole
19 Corylin 0.858 CapH 604 321.112 249.560 B
20 Biochanin-7-O-glucoside 0.856 CH04 491.118 225.755 B
21 Daidzein-8—C—glucoside 0.828 CoHxOs 415.103 129.982 B
22 Launobine 0.827  CwHpNO,  312.123 72224 A=Wy
23 (R)-Heraclenol 0.826 CiHie06 305.101 129.455 Ko
24 8-(2-hydroxy—3-methylbut-3-enyl)-7-methoxychromen—2-one 0.820 CisHieO4 243.101 167.395 KNELE
25  Ugaxanthone 0.801 CisH 1606 329.102 298.093 RKork
26 Kaempferol-7-O—neohesperidoside 0.789 CyH30s 593.126 182.910 TS
27 Fisetin 0.753 CisH 1006 287.055 265.573 W
28 5,7 -dihydroxy —2 —(4 ~hydroxyphenyl) -8 —[3.4,5 —trihydroxy —6 —(hydrox- 0.743 CoHosO14 563.140 64.878 W
ymethyl)oxan—2-yl]-6—(3,4,5—-trihydroxyoxan—2-yl)chromen-4—one
29 1,5-Dihydroxy—3-methoxy—2—prenylxanthone 0.729 CioH 505 327.122 196.376 R
30  27-0O-beta—L-galactopyranosylorientin 0.722 CyH30016 609.145 56.181 B
31 Swertiamarin 0.721 Ci6Hx010 419.119 52.665 [
32 Coumarin+10+1Me0,0-Hex—Hex 7-[4,5-dihydroxy—6—(hydroxymethyl)-  0.719 CpHx014 515.139 40.081 RNELE
3—-[3,4,5—-trihydroxy—6—(hydroxymethyl)oxan-2—ylJoxyoxan—2 -yl Joxy—6—
methoxychromen—2—one
33 Oxoglaucine 0718  CyH NOs  352.118 356.896 A=
34 Quillaic acid 3-[galactosyl—(1->2)-glucuronide] 0.717 CpHeO16 825.426 302.556 [
35 Lysionotin 0.682 CisH 105 345.109 373.629 B
36 Isobiflorin 0.677 CiH 105 355.102 47.792 Ko
37 Isoglycycoumarin 0.671 CaHxOs 369.133 360.643 KINFEH,
38 7,4-Dimethoxyflavone 0.666 CH,.0, 283.096 235.207 B
39 Tangeritin 0.646 CyyH05 373.128 126.021 B
40  4-prenylcoumestrol 0.645 CaoHigOs 337.107 220.177 KNEH
41 Semilicoisoflavone B 0.643 CaoH 606 353.101 353.068 B
42 Methyl tanshinonate 0.641 CyH 505 339.122 258.389 R
43 Flavone base+30, 2MeO, O-Hex 6-[2-[3,5-dimethoxy—4-[3,4,5—tri- 0.640 CyH,,01, 491.119 120.950 S
hydroxy —6 —(hydroxymethyl)oxan -2 —ylJoxyphenyl] =5 —hydroxy -4 —ox-
ochromen-7-yl|oxy-3,4,5-trihydroxyoxane—2—-carboxylic acid
44 Ginsenoside Rb3 0.626 CsHyO» 1 123.592 309.082 [
45  5’—(furan—-3—yl)—4a—hydroxy —4,7 —dimethylspiro [5,6,7,8a—tetrahydro— 0.617 CioH»0s5 331.154 102.507 [
1H-naphthalene—8,3"—oxolane]-2,2~dione
46 Herbacetin 0.617 CsH 1005 301.038 114.953 B ES
47  Formononetin 0.611 CigH 204 267.066 283.633 B
48 Citrusinol 0.611 CaoH606 353.101 297.923 B
49 Betulin 0.609 CxHs0, 425.377 311.919 (B
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B3 DHJSD #i KOA E7EAH GO ThEEERF KEGG B EEN
Fig.3 GO functional annotation and KEGG pathway enrichment analysis of the potential targets of DHJSD against KOA
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4 DHJSD T KOA E7E$8 3 PPI 4%
Fig.4 PPl network of the potential targets of DHJSD against KOA
TE A BRI EAERZEE B, PPLAZLORL

DHISD4 GH#4L

B5 BHXBRBREDTRENFRETL(HE §6,x200, AFIR=100 wm)
Fig.5 Pathological changes in knee joint cartilage in different groups of rats (HE staining, x200, scale bar=100 pwm)
TE: WL A AL

£3 AEAVBEGHFTREILEH Beclin—1,LC3,p62 K rmo-miR-140-5p KIFRIEE R

Table 3 Expression of Beclin—-1, LC3, p62, and rno—miR-140-5p in rat cartilage under different treatment conditions

415 Beclin-1 LC3 p62 mo-mir-140-5p
{EE 1.14120.127 1.188+0.170 1.230+0.199 1.037+0.033
FEAIZH 0.631+0.019% 2.741+0.600 4.650+0.168* 2.286+0.286

DHJSD £ 1.749+0.190 2.079+0.071 1.837+0.063" 3.605+0.545%

GH 4 0.8430.011%42 7.30425.927¢ 2.13420.412%5% 5.153%1.370%%2

52 A4, 'P<0.05,#P<0.01 ; SR g, #4P<0.01 ;5 DHJSD 4 He 4%, 2P<0.05,44P<0.01,

WA 8 S SR I & B, DHISD ] B & 2l
H KOA BERUR BB 2454, Wl R i fb , 2
i SN, 45 7 H B B I 41 2018 5 R R AR
UEAh AR 1] A 2 2 43 Br i — 248 7, DHISD T
iU RT S e i R G, 478 1208 % T REAE DHISD
IBYT KOA & CHAE M . A, RT-qPCR F1

Western blot 453 .78 DHJSD | Beclin—1, F#AK
T p62 NFKB-p65 F p—PI3K 7E KOA 5 %I K L 4%
RS, SR T L Sl A

o 24 245 B2 TN 45 R 7 |, B AR i/ s ik ok
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Fig.6 Effects of DHJSD on the expression of cartilage-related proteins in KOA model rats
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Fig.7 PCA score plot and OPLS-DA permutation test between the DHJSD group and the model group
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Fig.8 Differential metabolites between the DHJSD group and the model group
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Fig.9 KEGG pathway enrichment analysis of differential metabolites between the DHJSD group and the model group
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