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Abstract: This study aims to analyze the mechanism of the antioxidative-stress effects of caffeoylquinic acid analogs
through network pharmacology and molecular docking techniques. First, the targets of caffeoylquinic acid compounds and
oxidative stress-related targets are retrieved from databases, and a "caffeoylquinic acid-target" network is constructed to
analyze the relationship between compounds and targets. The obtained targets are then subjected to Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. The identified key targets are further validated
through molecular docking with caffeoylquinic acid compounds. Network pharmacology results show that 67 potential key
target proteins, including MMP9, MMP2, APP, REN, and MMPI1, are involved in the antioxidative-stress effects of
caffeoylquinic acid compounds. These targets exhibit 194 inter-target interactions and are associated with 40 related
pathways, such as bladder cancer, the ubiquitin-proteasome pathway, and the AGE-RAGE signaling pathway in diabetic
complications. Molecular docking demonstrates that caffeoylquinic acid analogs bind to key oxidative stress-related targets
through interactions such as hydrogen bonding, thereby exerting antioxidative-stress activity. This study predicts multiple
targets and pathways through which caffeoylquinic acid analogs exert antioxidative-stress effects and provides preliminary
validation through molecular docking. It offers a theoretical basis for further research on the antioxidative-stress mechanism
and bioavailability of caffeoylquinic acid analogs.
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Table 2 Targets of oxidative stress of caffeoylquinic acid
Frs S [l R Fs S A Fs P GE
Number Common targets Number Common targets Number Common targets

1 CHRNA7 23 PTPNI 45 ABCBI1
2 FDFTI 24 CA49 46 SELE

3 PTGER2 25 CASB 47 SELP

4 PTGFR 26 CA54 48 CD22

5 NRIH4 27 CA3 49 PPP2CA
6 G6PD 28 AKRIB1 50 REN

7 GPBARI 29 AKRIB10 51 SOAT2
8 HSD11B1 30 MMPI3 52 PRSS1

9 ACLY 31 MMPI2 53 Fl10
10 AR 32 APP 54 PLAU
11 VDR 33 ELANE 55 PRSS3
12 CYP1941 34 SLC3744 56 PSMB2
13 POLB 35 PYGL 57 LIPC
14 CA2 36 PRKCD 58 HDAC3
15 ALOXS 37 PRKCA 59 HDAC6
16 CA7 38 BACE] 60 SIPR2
17 CAl 39 PDESA 61 PSMB8
18 CA6 40 PDE4D 62 TACRI
19 MMP9 41 PDE94 63 BTK
20 CA12 42 CA4 64 CTSD
21 MMPI 43 CAI3 65 AGTRI
22 MMP2 44 PIM1 66 PSMBS5
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Fig. 3 PPI network of CQAs against oxidative stress
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Fig. S KEGG pathway enrichment analysis of key targets of CQAs against oxidative stress
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Table 3 Related genes for KEGG pathway enrichment analysis
Ty AL I
Pathway name Related genes r Gene

number
Bladder cancer MMP1 MMP2 .MMP9 9.91E-05 3
Proteasome PSMB2 .PSMB5 .PSMBS§ 1.40E-04 3
AGE-RAGE signaling pathway in diabetic complications AGTRI .MMP2 .PIM1 .PRKCA .PRKCD .SELE 8.59E-08 6
Glycerolipid metabolism AKRIBI .LIPC .AKRIBI10 3.57E-04 3
Fc epsilon RI signaling pathway ALOXS5 .BTK .PRKCA 447E-04 3
Renin secretion AGTRI .PTGER2 .REN 4.66E-04 3
Diabetic cardiomyopathy AGTRI .CTSD .G6PD .MMP2 . MMP9 ,PRKCA .PRKCD .REN 1.45E-08 8
Pancreatic secretion CA2 ,PRKCA .PRSSI .PRSS3 7.43E-05 4
Relaxin signaling pathway MMP1 . MMP2 MMP9 .MMP13 ,PRKCA 9.38E-06 5
Parathyroid hormone synthesis, secretion and action MMP13 . PDE4D .PRKCA VDR 8.63E-05 4
Bile secretion CA2 . ABCBI1 .NR1H4 9.80E-04 3
Sphingolipid signaling pathway CTSD .PPP2CA .,PRKCA .S1PR2 1.44E-04 4
GnRH signaling pathway MMP2 .PRKCA ,PRKCD 1.11E-03 3
IL-17 signaling pathway MMPI1 .MMP9 .MMP13 1.15E-03 3
Prostate cancer AR .MMP9 .PLAU 1.26E-03 3
Inflammatory mediator regulation of TRP channels PRKCA .PRKCD .PTGER?2 1.29E-03 3
Insulin resistance PRKCD .PTPNI .PYGL 1.71E-03 3
Neutrophil extracellular trap formation ELANE .PRKCA .SELP .HDAC3 .HDAC6 6.18E-05 5
Leukocyte transendothelial migration MMP2 MMP9 .PRKCA 2.05E-03 3
Serotonergic synapse ALOXS5 \APP .PRKCA 2.05E-03 3
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Fig. 6 Network analysis of targets and pathways of CQAs against oxidative stress
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Table 4 Molecular docking scores of key targets and
key components

N
fea?) Target
Compound
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Fig. 7 Molecular docking pattern of key target and component
VE:A. 3-CQA 5 MMP1 i EXT 44 55 B. 3-CQA 5 REN S X #2440 % C. 3,5-DCQA 5 MMP1 S5 #2445 : D. 3,5-DCQA 5
REN B AER A5 E. 1,3,5-TCQA 5 MMP2 X £ 5 F. 1,3,5-TCQA 5 APP s AR R .
Note: A. Best docking conformation of 3-CQA with MMP1; B. Best docking conformation of 3-CQA with REN; C. Best docking
conformation of 3,5-DCQA with MMP1; D. Best docking conformation of 3,5-DCQA with REN; E. Best docking conformation of 1,3,
5-TCQA with MMP2; F. Best docking conformation of 1,3,5-TCQA with APP.
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