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Exploring the action mechanism of Oxalis
corniculata L. decoction in treating osteoarthritis
utilizing liquid chromatography-mass
spectrometry technology combined with network

pharmacology
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Abstract

This study aimed to identify the chemical constituents of Oxalis corniculata L. decoction. Furthermore, the mechanism
of action of O corniculata L. decoction in treating osteoarthritis (OA) was investigated utilizing network pharmacology.
The chemical composition of the O corniculata L. decoction was analyzed by employing UHPLC-Q-Exactive-MS/MS.
Subsequently, a “compound-target-pathway” network was established through network pharmacology, offering a
novel approach to identify the molecular mechanism underlying the treatment of OA with O corniculata L. decoction.
Ultimately, the molecular docking technique was employed to validate the binding ability of the active ingredients with
therapeutic targets. A total of 539 compounds were identified in O corniculata L. decoction. Topological analysis of the
protein—protein interaction network indicated that compounds, including guanosine, naringenin-7-O-beta-D-glucuronide,
noroxyhydrastinine, and chrysophanol 8-O-glucoside, have therapeutic potential for OA. In addition, GAPDH, TNF, TP53,
epidermal growth factor receptor, and ESR1 may be key targets for the treatment of OA, primarily involving lipid and
atherosclerosis, cellular senescence, IL-17 signaling pathway, and epidermal growth factor receptor tyrosine kinase inhibitor
resistance signaling pathways. This method preliminarily identified the chemical composition of O corniculata L. decoction
and predicted the active ingredients, potential targets, and signaling pathways of O corniculata L. decoction in treating OA.
The findings of this research revealed the potential function of O corniculata L. decoction in anti-inflammation, alongside
its ability to promote osteoblast proliferation and differentiation, providing new ideas for the processing of O corniculata L.
herbs and related drug development.

Abbreviations: EGFR = epidermal growth factor receptor, OA = osteoarthritis, PPl = protein—protein interaction.
Keywords: network pharmacology, osteoarthritis, Oxalis corniculata L. decoction, UHPLC-Q-Exactive-MS/MS

1. Introduction of Traditional Chinese and Ethnic Medicinal Materials in
Guizhou Province.”?!

Osteoarthritis (OA) is a joint disorder characterized by the
progressive degeneration of articular cartilage.”! With prevail-
ing trends of population aging, increasing rates of obesity, and
frequent occurrences of traumatic knee injuries, a substantial
rise in the incidence and prevalence of OA is expected in the
forthcoming decades. In the field of orthopedic treatment, O

Oxalis corniculata L. is a traditional Chinese herbal medi-
cine belonging to the Oxalis family, mainly originating in
East Asia.l'l It contains flavonoids, steroids, alkaloids, volatile
oils, saponins, and other chemical components that exhibit
therapeutic properties against inflammation, swelling, and
injuries.?! O corniculata L. is currently recognized for its
beneficial medicinal properties in the “Quality Standards
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corniculata L. has been utilized as its main ingredient in the
development of Gukang capsules for OA and osteoporosis,
demonstrating its significant therapeutic effects.’) The aqueous
extract of O corniculata L. can promote the proliferation, differ-
entiation, and mineralization of bone cells in vitrol® while also
increasing alkaline phosphatase levels, reducing blood viscos-
ity, and improving hemorheology to aid in healing fractures in
vivo.”' Nonetheless, reports detailing the molecular mechanisms
of its medicinal components remain unknown.

In the past few years, network pharmacology has emerged as
a popular approach in traditional Chinese medicine. It integrates
the principles from systems biology, computer science, and bio-
informatics with high-throughput technology to efficiently and
economically study the relationship between drugs and dis-
eases.!’ This study utilizes UHPLC-Q-Exactive-MS/MS for the
analytical profiling of the chemical constituents of O cornicu-
lata L. decoction and employs network pharmacology coupled
with molecular docking techniques to elucidate its mechanisms
in treating OA, providing valuable insights for future clinical
research and pharmaceutical development.

2. Materials and methods

2.1. Experimental instruments

The apparatus utilized in this study included an ultra-high per-
formance liquid chromatography-tandem electrostatic field
orbitrap mass spectrometer UHPLC-Q Exactive HFX (Thermo
Fisher Scientific China Co., Ltd., Shanghai), an Eppendorf
5430R cryogenic high-speed centrifuge (Eppendorf [Shanghai]
International Trading Co., Ltd., Shanghai), an SCI-VS vortex
mixer (Scilogexg, Inc., Rocky Hill, CT), and an SB25-12DTD
ultrasonic cleaner (Ningbo Scientz Biotechnology Co., Ltd.,
Ningbo, Zhejiang).

2.2. Reagents

The reagents included crude powder of O corniculata L. herb
(Guizhou Weikang Zifan Pharmaceutical Co., Ltd., Guizhou
city, batch number: YC01-005-20230701), methanol/acetoni-
trile/formic acid/isopropanol (Anpel, chromatographic grade,
Shanghai), 95% ethanol (Shanghai Sangon, Shanghai, analyti-
cally pure), and ultrapure water.

2.3. Analysis of chemical constituents of O corniculata L.
decoction

2.3.1. Sample preparation. In the first step, 5g of crude
powder of O corniculata L. herb was introduced to 150 mL of
ultrapure water. Subsequently, the mixture underwent vigorous
heating until it reached a boiling point. Following this, it was
gently decocted to sustain a mild boil, and the decoction process
persisted for a duration of 1 hour. The extract was sieved through
a 200-mesh sieve. Afterward, 2mL of methanol-acetonitrile
solution (1:1, v/v) was mixed with 1mL of supernatant,
vortexed for 60 seconds, and sonicated at a low temperature
for half an hour. Afterward, the supernatant was isolated by
centrifugation at 12,000rpm and 4 °C for 10 minutes. For
protein precipitation, the supernatant was kept at -20 °C for
60 minutes and then centrifuged for 10 minutes at 4 °C and
12,000 rpm. The supernatant was frozen, dried, then redissolved
in 100 pL of 50% ACN, vortexed, and centrifuged for 10
minutes at 4 °C and 12,000 rpm. Eventually, the supernatant
was collected for analysis.

2.3.2. Test conditions. The chromatographic conditions
were set as follows: chromatographic column: waters HSS T3
(100 x 2.1 mm, 1.8 pm); column temperature: 40 °C; mobile

Medicine

phase: 0.1% formic acid-water solution in phase A and 0.1%
formic acid-acetonitrile in phase B; flow rate: 0.3 mL/min;
elution gradient: 0.0 to 1.0 minutes 0% B, 1.0 to 12.0 minutes
0% — 95% B, 12.0 to 13.0 minutes 95% B, 13.0 to 13.1 minutes
95% — 0% B, and 13.1 to 17.0 minutes 0% B. Throughout the
analysis, the sample was maintained in an autosampler at 4 °C,
with an injection volume of 2 pL.

The parameters for mass spectrometry were set as follows:
Mass spectrometry system: Q Exactive HFX high-resolution mass
spectrometry system (Thermo, Branchburg, NJ) employed for
the acquisition of primary and secondary spectra. Electrospray
ionization conditions: sheath gas flow rate: 40 arb; auxiliary gas
flow rate: 10 arb; ion spray voltage: 3000 V/2800 V; tempera-
ture: 350 °C; capillary temperature: 320 °C. scanning pattern:
full-ms-ddMS2 pattern; scanning mode: positive ion/negative
ion; primary scanning range (scan m/z range): 70 to 1050Da;
primary resolution: 70,000; secondary resolution: 17,500.

2.4. Network pharmacology

2.4.1. Acquisition of targets related to O corniculata
L. decoction. The structural information of the relevant
compounds in the O corniculata L. decoction was obtained
from NCBI Pubchem (https://pubchem.ncbi.nlm.nih.gov/),
and their SMILE structural formula was inputted into Swiss
Target Prediction (http://www.swisstargetprediction.ch/) to
acquire targets. Subsequently, the gene names were standardized
employing UniProt (https://www.uniprot.org/) to attain O
corniculata L. decoction-related drug targets.

2.4.2. OA-related target acquisition and protein-protein
interaction (PPI) network construction. By using the keyword
‘osteoarthritis’, OA-related genes were retrieved from 3 disease
gene databases, including GeneCards (https://www.genecards.
org/), CTD Database (https://ctdbase.org/), and DisGeNET
Database (https://www.disgenet.org/). Subsequently, the data
retrieved in the 3 databases were aligned and de-duplicated to
obtain disease-related targets.

The component targets of O corniculata L. decoction
were intersected with OA targets utilizing the online soft-
ware Venny (https://bioinfogp.cnb.csic.es/tools/venny/). The
common targets of the 2 represent the potential targets of
O corniculata L. decoction in treating OA. The intersected
targets were imported to the STRING, with the screening cri-
terion set at a minimum required interaction score of >0.4.
Furthermore, the PPI network diagram and TSV format file
were downloaded and saved. Ultimately, Cytoscape 3.9.0
was employed to visualize the PPI network to construct a
multidimensional network diagram representing the “drug
component-target-pathway.”

2.4.3. GO functional enrichment and KEGG pathway
enrichment analyses. GO and KEGG enrichment analyses
of the core targets were conducted by employing R language
software to explore the possible biological functions and
major signaling pathways of O corniculata L. in treating OA.
The enrichment analysis outcomes with significant differences
were filtered by descending order as per the P-value with g
value < 0.05 as the criterion. Ultimately, the enrichment results
yielded the GO biological functions and the top 20 KEGG
signaling pathways.

2.4.4. Molecular docking. The targets with the top 5degree
values in the PPI network were selected as the key potential
action targets for the treatment of OA. Subsequently, these
targets were molecularly docked with the core active ingredients
exhibiting top Sdegree values. The protein structures of the
core targets within the intersecting targets were retrieved from
the RCSB database in the PDB format, while the compound
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structures were obtained from PubChem. The target proteins
and small molecule compounds were preprocessed utilizing
AutoDock software, followed by format conversion and
analysis of protein binding sites to identify the corresponding
docking activity pockets. The target proteins and small molecule
compounds were imported into AutoDock Vina 1.1.2 docking
software, and the coordinates of docking sites were set for
docking verification. Finally, PyMol software was utilized for
the visualization of core targets.

3. Results

3.1. Identifying the chemical components of the O
corniculata L. decoction

A total of 539 compounds were identified in the O corniculata
L. decoction (Table S1, Supplemental Digital Content, http://
links.lww.com/MD/N478), of which 315 were detected in pos-
itive ion mode and 224 in negative ion (Fig. 1). Classification
analysis of the compounds revealed 86 flavonoids, 64 organo-
oxygen compounds, 52 prenol lipids, 36 carboxylic acids and
derivatives, 26 fatty acyls, 21 benzene and substituted deriv-
atives, 21 coumarins and derivatives, 16 cinnamic acids and
derivatives, 16 isoflavonoids, 10 benzopyrans, 10 phenols, 8
purine nucleosides, 7 anthracenes, 7 diarylheptanoids, and 160
other compounds.

www.md-journal.com

The top 30 compounds in the O corniculata L. decoction
were selected based on the relative peak area for network phar-
macological analysis (Table 1). A total of 252 targets corre-
sponding to the 30 components were obtained from the Swiss
Target Prediction database. Additionally, 4891, 6497, and 368
OA-related targets were retrieved from GeneCards, CTD, and
DisGeNET disease databases, respectively. Further intersection
with drug target genes yielded 190 potential targets that may be
associated with OA treatment (Fig. 2).

3.2. Protein-protein interaction (PPI) network

The 190 intersecting targets with OA were imported into
the STRING database to elucidate the interactions between
component targets. Further, 190 proteins and 1621 interac-
tion links were obtained. The obtained PPI information was
imported into Cytoscape for visualization and analysis. The
PPI network is shown in Figure 3. Subsequently, the screen-
ing of 35 core targets was conducted as per the definition
of higher-than-average values of degree, betweenness central-
ity, and closeness centrality (Table S2, Supplemental Digital
Content, http://links.lww.com/MD/N479). The top 10 targets
in terms of degree values were GAPDH, TNF, TP53, epider-
mal growth factor receptor (EGFR), ESR1, PTGS2, MMP9,
CXCL8, CCND1, and GSK3B (Table 2). This finding suggests
that the compounds present in O corniculata L. decoction
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Figure 1. TIC diagram of positive ion (A) and negative ion (B) mode of Oxalis corniculata L. decoction.
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The relative content of the top 30 compounds in Oxalis corniculata L. water decoction.
No. Compound Formula Rt (minutes) m/z lon mode Pubchem ID
1 D-proline CH,NO, 1.03 116.070842 POS 8988
2 3’-hydroxy puerarin C,H,00,, 8.75 433112201 POS 5748205
3 Naringenin-7-0-beta-D-glucuronide C,H,.0,, 8.23 449.107011 POS 15540754
4 10-0-Coumaroyl-10-0-deacetylasperuloside CyH,0,, 8.04 563.140250 NEG 95224286
5 Isoorientin C,H,,0,, 8.23 447.092922 NEG 114776
6 Isoschaftoside CH,0,, 8.54 563.140260 NEG 3084995
7 Isovitexin C,,H,,0, 8.75 431.097826 NEG 162350
8 Kagmpferol 3-glucoside 7-rhamnoside C,H.00,4 7.60 595.164946 POS 57390614
9 4”-Methyloxy-genistin C,,H,,0,, 8.82 445113525 NEG 71621984
10 Emodin-8-0-beta-gentiobioside G, H00,s 7.60 593.151005 NEG 71587230
11 Betaine C,H,,NO, 0.94 118.086448 POS 247
12 Ruberythric acid CyH,60,, 7.72 579.135219 NEG 92101
13 Panasenoside C,H.00,46 7.24 611.159852 POS 9986191
14 N-acetyl-neuraminic acid C,,H,NO, 1.67 290.087725 NEG 439197
15 Neoschaftoside CyeH,00,, 7.72 563.140295 NEG 442619
16 2-0x0-3-phenylpropanoic acid C,H,0, 6.51 147.043935 POS 997
17 Trigonelline C,H.NO, 1.01 138.054910 POS 5570
18 N-a-Acetyl-L-arginine CH. N0, 1.30 280.138480 POS 67427
19 4-Aminobutyric acid C,H,NO, 0.94 104.071033 POS 119
20 3-Methyladipic acid CH,0, 6.34 205.071081 NEG 12292
21 Adenine G HN, 1.30 136.061779 POS 190
22 Verproside CoH,60,, 8.85 463.122502 POS 12000799
23 (-)-Epicatechin C,.H.,0, 6.45 291.085685 POS 72276
24 Chrysophanol 8-0-glucoside C,,H,00, 8.85 461.108527 NEG 442731
25 Opuntiol H0, 1.06 174.075959 POS 10034839
26 D-Leucine CH,NO, 2.01 132.101923 POS 439524
27 Noroxyhydrastinine C,HNO, 7.58 236.055963 NEG 89047
28 myo-Inositol GeH,,04 1.06 179.055203 NEG 892
29 Rubrofusarin-6-0-beta-D-gentiobioside C,H.,0,, 8.71 577.155950 NEG 503733
30 Guanosine 1oH15NsO; 2.05 284.098334 POS 135398635
—— — serine hydrolase activity, serine-type peptidase activity, steroid

92067

Figure 2. Intersection mapping of component targets of Oxalis corniculata L.
decoction with OA targets. OA = osteoarthritis.

may primarily act on these core targets to exert pharmaco-
logical effects on OA.

3.3. GO and KEGG enrichment analyses

The GO enrichment analysis of 190 potential targets was con-
ducted by utilizing the “Cluster Profiler” package in R language,
yielding a total of 2443 items. Among them, 2178 items were
enriched in the biological process category, primarily including
response to xenobiotic stimulus, regulation of inflammatory
response, neuron death, regulation of trans-synaptic signal-
ing, and regulation of neuron death. Moreover,172 items were
enriched in the molecular function category, primarily including

binding, endopeptidase activity, and nuclear receptor activity.
Additionally, 93 items were enriched in the cellular component
category, primarily involving membrane raft, membrane micro-
domain, postsynaptic membrane, glutamatergic synapse, and
presynaptic membrane (Fig. 4). The analysis results indicated
the presence of potential targets in inflammatory response pro-
cesses, cell cycle, and other biological functional processes. All of
these targets are intricately linked to the onset and progression
of OA, implying that multiple biological processes are involved
in the treatment of OA with O corniculata L. decoction.

KEGG pathway enrichment analysis was conducted on 190
potential targets employing the “Cluster Profiler” package in R
language, yielding 106 signaling pathways (g-value < 0.05). These
pathways were primarily involved in Chemical carcinogenesis-
receptor activation, AGE-RAGE signaling pathway in diabetic
complications, bladder cancer, prostate cancer, neuroactive
ligand-receptor interaction, gastric cancer, proteoglycans in
cancer, lipid and atherosclerosis, cellular senescence, and IL-17
signaling pathway. Ultimately, the enrichment results were visu-
alized (Fig. 5).

3.4. Construction of the “Oxalis corniculata L.
decoction-OA” network

The topological parameters of the network were assessed by
utilizing the Network Analyzer plugin. The analysis results sug-
gested an average neighboring node number of 4.789, network
heterogeneity of 2.820, network density of 0.022, and network
centrality of 0.861. The nodes with higher network neutrality
value (degree) were considered the core nodes of the network,
and the top 5 compounds ranked by degree were guanosine
(degree = 39), 3-methyladipic acid (degree = 31), naringenin-
7-O-beta-D-glucuronide  (degree =27), noroxyhydrastinine
(degree =27), and chrysophanol 8-O-glucoside (degree =26)
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Figure 3. PPl network. PPI = protein—protein interaction.
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Analysis of topological parameters of the top 10 core targets.

Gene Degree Betweenness centrality Closeness centrality
GAPDH 104 0.163821 0.682482
TNF 89 0.098292 0.642612
TP53 80 0.079652 0.605178
EGFR 71 0.060238 0.601286
ESR1 66 0.047180 0.588050
PTGS2 61 0.040833 0.584375
MMP9 61 0.020028 0.566667
CXCL8 56 0.040016 0.561562
CCND1 54 0.019336 0.548387
GSK3B 53 0.024650 0.563253

(Table 3). Eventually, a comprehensive network model of “drug
ingredient-target-pathway” was established utilizing Cytoscape
3.9.0 in Figure 6.

3.5. Molecular docking

The interaction strength of the target protein with the active
ingredient was represented by the docking score. A binding
energy below 0 signifies the ability of the drug ingredient to
bind spontaneously to the target protein, whereas a binding
energy below -5 kcal/mol signifies a moderate binding ability,
and a binding energy below -7.0 kcal/mol signifies a strong
binding ability.”! The heat map of molecular docking is pre-
sented in Figure 7. Specifically, 21 combinations had binding
energies below -5 kcal/mol, signifying moderate binding activ-
ity. Six combinations had binding energies below -7.0 kcal/mol,
representing strong binding activity. Among them, the strongest
binding ability was observed between naringenin-7-O-beta-
D-glucuronide and EGFR.

The docking conformations for core component-target
combination with the highest binding energy were visualized
(Fig. 8). Guanosine formed hydrogen bonds with EGFR via
CYS A:775, THR A:854, ASP A:855, and MET A:766 with a
binding energy of -7.03 kcal/mol, indicating a strong bind-
ing ability. Additionally, 3-methyladipic acid formed hydrogen

bonds with EGFR via ASP A:855 with a binding energy of -5.59
kcal/mol, indicating a moderate binding ability. Naringenin-7-
O-beta-D-glucuronide formed hydrogen bonds with EGFR via
ASN A:842, ALA A:722, ARG A:841, and CYS A:775 with
a binding energy of -8.26 kcal/mol. This indicates the strong
binding ability of both. Moreover, noroxyhydrastinine formed
hydrogen bonds with EGFR via LEU A:788 with a binding
energy of -5.48 kcal/mol, indicating good binding interactions
of small molecules with receptor proteins. Moreover, chrys-
ophanol 8-O-glucoside formed hydrogen bonds with EGFR
via ALA A:722, ASN A:842, LYS A:745, and ASP A:800 with a
binding energy of -7.61 kcal/mol, indicating a strong binding
ability.

4. Discussion

OA is an aging-related and injury-induced joint disorder char-
acterized by degeneration of articular cartilage, osteosclerosis,
and persistent low-grade inflammation.!"”’ China, being one
of the world’s most populous nations, is undergoing a rapid
aging process. Hence, OA will become one of the major con-
cerns in the Chinese health system.!'! Traditional Chinese
medicine has been widely utilized in treating fractures, oste-
oporosis, and other orthopedic-related diseases with good
therapeutic effects due to its limited side effects and multiple
targets.'””l In the present study, 539 compounds, mostly fla-
vonoids, organooxygen compounds, and prenol lipids, were
identified from the O corniculata L. decoction utilizing the
UHPLC-Q-Exactive-MS/MS  technique. The top 30 com-
pounds were primarily flavonoids and carboxylic acids and
their derivatives. The correlation analysis between the chemical
constituents of the decoction and OA-related targets unveiled
potential active ingredients for treating OA, such as guanosine,
naringenin-7-O-beta-D-glucuronide, noroxyhydrastinine, and
chrysophanol 8-O-glucoside. Guanosine, a raw material for
the synthesis of cGMP, is crucially involved in the NO-cGMP
signaling pathway regulation and enhances osteoblast prolifer-
ation, differentiation, and survival."3! Naringenin-7-O-beta-D-
glucuronide is a flavonoid and one of the metabolites derived
from naringenin.'¥ Naringenin-7-O-beta-D-glucuronide pos-
sesses multiple pharmacological properties such as antioxidant,
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R :
gﬁéﬁ =
iy e —— 5 66 (Pl
cgﬁg Golorectal cances. 1 5 ° - Ogm{ val ue)
coner e e ® 7
- Steroid hormone biosynthesis
Tgr::g_ S Tiyptaphan metabolism
= — o @ 6
0 p— ~ . Centicarbon metavoism in cancer IR L
SELE EGFR tyrosine kinase inhibitor resistance I ®
c?cié = —r R S R 5
Ni&f - = 1L-17 signaling pathway
cxeLs — - Cellular senescence
wras = = "ummwm — ¢ . zoum
JAKD ALy
o R e o ] @ . 5
= - « :

RP: AT % Gastric.cancer [N [ ] ® 9
MAPK Neuroacive ligand-receptor interaction . @
CCND1 Prostate cancer B . 18
ggﬁ’iﬁf —_ Bladder cancer T ®
P;{:ZEE - AGE-RAGE signaling patnway n diabetc compications. [ ®

—
L — | e
004 006 008 010 012
Gene.Ratio

Figure 5. KEGG enrichment analysis. KEGG = Kyoto Encyclopedia of Genes and Genomes.
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Top 10 compounds of Oxalis corniculata L. decoction in treating
OA.
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anti-inflammatory, anticancer, antimicrobial, and cholesterol
level-lowering.">! Noroxyhydrastinine is an alkaloid with
anti-inflammatory activity.'?’ Chrysophanol 8-O-glucoside is
a conjugated anthraquinone glycoside formed by combining

Compound Degree Betweenness centrality Closeness centrality  chrysophanol with glucose. Conjugated anthraquinone glyco-
side exhibits pharmacological properties, including antibacte-
Guanosine 39 0.019124 0.382042 ial 17 s 18 ol inhibinion (19
3 Methyladipic acid b 0011149 0966554 rial,l'7! antl-_mﬂammatory,' I'and cancer cell 1nh1b1§10n.' I'The
Naringenin-7-0-beta- o7 0.012588 0.374138 above-mentioned compounds exert pharmacological effects
D-glucuronide ‘ ' primarily by promoting cellular proliferation, differentiation,
Noroxyhydrastinine 27 0.008638 0.361667 and anti-inflammation.
Chrysophanol %6 0.008035 0361667 The PPI network analysis demonstrated that GAPDH, TNE,
8-0-glucoside TP53, EGFR, and ESR1 possessed the highest node degree val-
2.0%0-3- 17 0.0035365 0.351133 ues, indicating their centrality within the network and their
phenylpropanoic association with a substantial number of compound compo-
acid nents. Therefore, these may be potential core targets of O cor-
D-Leugine 17 0.003120 0.350000 (ziculata L. decoction in treating OA. GAPDH, a key enzyme
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tumor suppressor gene, is critically involved in the inhibition of
bone and soft tissue sarcomas progression.??l EGFR, belonging
to the ERBB family of tyrosine kinase receptors, regulates the
proliferation and differentiation of osteoblasts, chondrocytes,
and osteoclasts and plays an important role in bone biology and
pathology.”®) ESR1, an estrogen receptor, is involved in bone
metabolism and influences skeletal muscle formation.?* Based
on the above results, O corniculata L. decoction may regulate
osteoblast proliferation and apoptosis by interacting with the
mentioned targets, thereby offering a potential therapeutic
approach for OA.

GO and KEGG enrichment analyses were conducted on
190 potential targets to predict the mechanism by which O
corniculata L. decoction is involved in treating OA. GO anal-
ysis highlighted that the active ingredients of O corniculata
L. decoction were involved in biological processes, including
response to xenobiotic stimulus, regulation of inflammatory
response, neuron death, regulation of trans-synaptic signaling,
and regulation of neuron death. KEGG enrichment analysis
indicated that the potential targets were primarily involved in
signaling pathways, including lipid and atherosclerosis, cellu-
lar senescence, IL-17 signaling pathway, and EGFR tyrosine
kinase inhibitor resistance. The lipid and atherosclerosis path-
way is closely related to chronic inflammation, with associ-
ated inflammatory responses from the pathological stage, in
which cholesterol, fatty acids, and modified lipids are capable
of directly activating the inflammatory pathways.”?’! In this
study, the lipid and atherosclerosis pathway involved 16 tar-
gets, including MAPK1, TP53, and TNF, which were associ-
ated with inflammatory response. The target genes of IL-17
are generally antimicrobial molecules and cytokines.?*! TL-17
has beneficial effects at both local and systemic levels, and
IL-17 in skeletal muscles affects several symptoms, such as
muscle contractility defects and weakness.?”! In the present
study, the IL-17 pathway primarily involved 10 targets, such
as HSP90AAT1, PTGS2, and CXCLS8, which have significant
effects on tissue repair, host defense, pathogenesis of inflam-
matory diseases, and cancer development. EGFR, which is a
transmembrane tyrosine kinase, binds to EGF family ligands,
activating several downstream signaling pathways, including
MAPK, and promotes DNA synthesis and cell proliferation.!?®!
Cellular senescence, induced by various stresses, is associ-
ated with activation of antiapoptotic pathways and secretion

of pro-inflammatory and senescence-related substances.!”’!
Recognizing cellular senescence is an effective therapeutic idea
to alleviate numerous chronic aging diseases, including osteo-
porosis. The findings of this investigation highlighted that the
active ingredients in the O corniculata L. decoction act on OA
through multi-targets and multi-pathways. However, there are
some limitations to this study. In forthcoming research, perti-
nent pharmacological experiments will be conducted to sub-
stantiate these findings, thus providing a scientific groundwork
for the development and application of O corniculata L. herbs.

5. Conclusion

In this study, the chemical constituents of O corniculata
L. decoction were preliminarily identified utilizing the
UHPLC-Q-Exactive-MS/MS technique. In addition, the
core targets and components were simulated and validated
by network pharmacology combined with molecular dock-
ing technique. Furthermore, the active components, core
targets, and associated signaling pathways of O corniculata
L. decoction in treating OA were analyzed. In summary,
the outcomes of this investigation highlighted the potential
anti-inflammatory properties of O corniculata L. decoction
and its ability to promote osteoblast proliferation and dif-
ferentiation, thereby offering novel insights into the pro-
cessing of O corniculata L. herbs and the development of
related drugs.
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