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[ Abstract] Objective: To predict the active ingredients and mechanism of action of lavender in
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protecting skin photodamage based on network pharmacology and molecular docking technology, and further
verify possible signal pathways via animal experiments. Method: The active ingredients and potential targets of
lavender were obtained by SwissTargetPrediction, PharmMapper, and literature. Skin photodamage-related
targets were searched from GeneCards, Online Mendelian Inheritance in Man (OMIM) , DrugBank and
DisGeNET databases. After common targets of the two were screened out, STRING was adopted to analyze the
protein-protein interaction (PPI) network, where topological analysis and core target screening were performed
by CytoNCA plug-in of Cytoscape 3.8.2. Based on DAVID, gene ontology (GO) annotations and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were carried out among the
intersection targets, and the active ingredients of lavender and the signal pathway proteins were selected and
verified via molecular docking with AutoDock vina 1.1.2. Finally, mouse photodamage model was established
by UVB irradiating the bare skin of mouse back, and the skin condition was observed by naked eyes.
Hematoxylin-eosin (HE) and picric acid-acid fuchsin staining (Van Gieson, VG) were used to observe the
pathological changes of mouse skin tissues. Western blot was employed to detect the protein expression in mouse
skin tissues to further validate the key signal pathways. Result: In this study, 6 active ingredients of lavender,
526 potential targets, 2 688 disease-related targets, and 258 intersection targets were screened out, and 16 core
targets were obtained by PPI network. Additionally, 113 related signal pathways were obtained by KEGG
pathway analysis, among which phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) pathway and nuclear
transcription factor- kB (NF- kB) signal pathway might play a key role in skin photodamage protection by
lavender. Molecular docking showed that the active ingredients and the signal pathway proteins were well
docked. Animal experiments indicated that the total flavonoids of lavender improved the appearance and
histopathological condition of mouse skin, reduced the relative expression levels of phosphorylated (p) -PI3K,
p-Akt, and B cell lymphoma 2 (Bcl-2) proteins (P<0.05, P<0.01) , and increased relative expression level of
Bcl-2-associated X protein (Bax) (P<0.05). Conclusion: Lavender exerts synergistic effect in resisting skin
photodamage, with the characteristics of multi-components, multi-targets, and multi-pathways, which provides a
basis for subsequent in-depth research on the complex mechanism of lavender against skin photodamage.
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Table 1 information of lavender active ingredients

L&
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YA A Bk
MOL000006 luteolin PN 36.16  0.25
MOLO001494  ethyl linoleate WHMR L BE - 42.00  0.19
MOL001506  squalene b 33.55 042
MOLO007180  tocopherol HEE W 3229  0.70
MOL001495  ethyl linolenate ~ WHRFR L HE ~ 46.10  0.20
MOLO000008  apigenin HER 23.06  0.21
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Table 2 Core targets of PPI network topology analysis
5257 S 4 HAA DC BC cc
1 ALB Serum albumin 134 2392.268 0.662
2 Aktl Akt Serine/Threonine Kinase 1 128 2 641.779 0.652
3 VEGFA Vascular endothelial growth factor A 122 2237.556 0.638
4 EGFR Epidermal growth factor receptor 117 1788.914 0.635
5 SRC Tyrosine-protein kinase SRC 111 2297.887 0.628
6 CASP3 Caspase-3 108 1473.631 0.615
7 HSP90AA1 Heat shock protein HSP 90-alpha 104 2101.921 0.609
8 HRAS GTPase HRas 101 1486.757 0.609
9 ESR1 Estrogen receptor alpha 97 1231.510 0.602
10 MMP-9 Matrix metalloproteinase-9 83 1 096.650 0.581
11 IGF1 Insulin-like growth factor I 82 848.733 0.574
12 PTGS2 Prostaglandin G/H synthase 2 81 1929.366 0.580
13 MAPKI1 Mitogen-activated protein kinase 1 81 708.334 0.574
14 PPARG Peroxisome proliferator-activated receptor gamma 81 560.679 0.574
15 BCL2L1 Bcl-2-like protein 1 79 579.175 0.562
16 ANXAS Annexin A5 72 576.215 0.565
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Table 3 Binding energy between Lavender active components

and target proteins
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Effect of lavender on histopathological changes of mouse
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Effect of lavender on histopathological changes of mouse

Table 4 Effect of lavender total flavonoids on PI3K/AKkt signal pathway related proteins (x+s,n=3)
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