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Purpose: To study the efficacy of Ba Zhen Tang in delaying skin photoaging and its potential mechanism based on network
pharmacology and molecular docking.
Methods: First, we screened the active components and targets of Ba Zhen Tang by Traditional Chinese Medicine Database and
Analysis Platform (TCMSP) and The Universal Protein Resource (UniProt). The target genes of skin photoaging were obtained from
GeneCards and GeneMap database. Then, we analyzed the protein–protein interaction (PPI) by STRING database. The network map
was constructed by Cytoscape. Finally, we performed Gene Ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis by Metascape database. The molecular docking via Autodock Vina and Pymol. Furthermore, skin
photoaging cellular models were established, and the effects of Ba Zhen Tang on ameliorating skin photoaging were investigated.
Results: A total of 160 active ingredients in Ba Zhen Tang and 60 targets of Ba Zhen Tang for delaying skin photoaging were
identified. By GO enrichment analysis, 1153 biological process entries, 45 cellular component entries and 89 molecular functional
entries were obtained. A total of 155 signal pathways were obtained by KEGG analysis. Ba Zhen Tang is related to MAPK signaling
pathway, TNF signaling pathway and AGE-RAGE signaling pathway in diabetic complications, etc., which directly affect the key
nodes of photoaging. The molecular docking results showed that there was a certain affinity between the main compounds
(kaempferol, quercetin, β-sitosterol, naringenin) and core target genes (PTGS2, CASP3, MAPK1, MAPK3, TP53). Ba Zhen Tang-
treated mouse serum inhibited the senescence and p16INK4a expression of human immortalized keratinocyte (HaCaT) cells irradiated
by ultraviolet-B (UVB).
Conclusion: Our study elucidated the potential pharmacological mechanism of Ba Zhen Tang in the treatment of photoaging through
multiple targets and pathways. The therapeutic effects of Ba Zhen Tang on skin photoaging were validated in cellular models.
Keywords: Ba Zhen Tang, skin photoaging, network pharmacology, molecular docking, mechanism

Introduction
Skin Photoaging (Photoaging) is premature aging of the skin caused by repeated exposure to ultraviolet radiation, which
will lead to a series of clinical and histological changes. Photoaged skin loses elasticity and appears dry with coarse
wrinkles, irregular pigmentation, telangiectasis and even an increased risk of tumors. The histologic features are the
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accumulation of degraded elastotic material in the dermis coupled with reduced collagen, atypical keratinocytes and
epidermal thickening.1,2 Many mechanisms are linked to photoaging: DNA damage, oxidative stress, shortening of the
telomere, chronic inflammation, cell apoptosis, the role of microRNA and accumulation of advanced glycation end
products (AGEs).3–6 Skin photoaging is mainly caused by ultraviolet radiation (UV), which leads to the production of
excess reactive oxygen species (ROS). On the one hand, ROS directly causes oxidative damage to cells, on the other
hand, ROS activates nuclear factor kappa-B, thereby inducing the expression of cell surface cytokines that promote
photoaging, such as interleukin 1 (IL1), epidermal growth factor (EGF) and tumor necrosis factor alpha (TNF-α) in
keratinocytes and dermal cells. Then the activation of the cell surface cytokines leads to the upregulation of downstream
signal transduction pathways, such as MAPK signal transduction pathway. Accordingly, transcription factors c-Fos and
c-Jun undergo heterodimerization and the formation of Activator protein-1 (AP-1) manifests, thus matrix metalloprotei-
nases (MMPs) are overexpressed. UV radiation also can damage deoxyribonucleic acid (DNA) directly or indirectly,
resulting in shortening of telomeres.7 Sunscreen, topical retinoids, 5-fluorouracil cream, topical or oral antioxidants and
face rejuvenation therapy such as laser have been widely and successfully performed in the prevention and treatment of
photoaging.7 Moreover, traditional Chinese medicine has been shown to be a potentially effective technique due to its
safer and more convenient characteristic.

Ba Zhen Tang originated from the ancient prescription “Zheng Ti Lei Yao”, which is a combination of Sijunzi decoction
and Siwu decoction. Sijunzi Decoction strengthens the spleen and Qi, Siwu Decoction nourishes blood, and Bazhen
Decoction combines the powers of two sides. Ba Zhen Tang is composed of Ginseng (Renshen: RS), Atractylodes
macrocephala (Baizhu: BZ), Poria (Fuling: FL), Angelica (Danggui: DG), Chuanxiong (CX), White peony (Baishao: BS),
Radix rehmanniae preparata (Shudihuang: SDH) and Licorice (Gancao: GC). Clinical studies have also demonstrated that Ba
Zhen Tang can be used to treat lots of symptoms, such as anemia, fatigue, dull complexion, pale complexion, pale tongue,
thin-white coating, fine-faint pulse and large-forceless-empty pulse.8 According to Traditional Chinese Medicine, there is
a correlation between the skin aging and the deficiency of Kidney Essence, stagnation of Liver-Qi, deficiency of Heart-Blood
and deficiency of Qi-Blood. Ba Zhen Tang could protect skin from lack of Qi and Blood. When the body’s Qi and Blood is
sufficient, people will get ruddy complexion, vigor and vitality. It has been reported that Ba Zhen Tang has the effect of
inhibiting oxidative stress, inflammation and apoptosis in mice.8 There is increasing evidence that anti-inflammatory,
antioxidant, and other mechanisms can delay skin aging.9,10 Ba Zhen Tang can dramatically activate the mouse X-linked
inhibitor of apoptosis protein (XIAP), to prevent apoptosis of oocytes and granulosa cells, thus treating premature ovarian
failure.11 To sum up, the active ingredients of Ba Zhen Tang are involved in the process of inhibiting aging. Whereas the
mechanism of defer skin photoaging has not been reported.

Network pharmacology measures the regulatory effect of drugs on the biomolecular network from a systematic and
holistic perspective, which is characterized by its systematic nature, relevance and predictability. The word “network”
composed of many elements such as TCM herbs, targets, diseases, and syndromes. By establishing and analyzing the
biological network, we can carry out systematic research on the mechanism of herbal formulae and biological basis of
diseases.12 Molecular docking is an established in silico structure-based method widely used in drug discovery. Docking
enables the identification of novel compounds of therapeutic interest, predicting ligand–target interactions at a molecular
level, or delineating structure-activity relationships (SAR), without knowing a priori the chemical structure of other target
modulators. Emerging uses and applications of molecular docking, including adverse reaction prediction, polypharma-
cology, drug repurposing, and target fishing and profiling.13 In this study, we will elucidate the mechanism of Ba Zhen
Tang in delaying skin photoaging at the molecular level based on network pharmacology and molecular docking.
Furthermore, the vitro studies have been done to validate its anti-photoaging effects. A whole process flowchart is
shown in Figure 1.

Materials and Methods
Screening of the Main Active Ingredients of Ba Zhen Tang
The ingredients of Ba Zhen Tang were obtained from the Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform database (TCMSP, https://tcmsp-e.com). TCMSP is a unique systems pharmacology platform of
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Chinese herbal medicines that captures the relationships between drugs, targets and diseases, as well as pharmacokinetic
properties for natural compounds involving oral bioavailability (OB), drug-likeness (DL), intestinal epithelial perme-
ability, blood-brain-barrier, aqueous solubility, etc.14 Enter “Renshen”, “Baizhu”, “Fuling”, “Danggui”, “Chuanxiong”,
“Baishao”, “Shudihuang” and “Gancao” to find the corresponding active ingredients. DL ≥0.18 and OB ≥30% were used
as the criteria for primary screening.15

Potential Target of Ba Zhen Tang
The target protein of Ba Zhen Tang was predicted by TCMSP database according to the main active components. Select
“Verified” and “Homo sapiens” option in the UniProt Knowledge Base (https://www.uniprot.org/),16 finally, the potential
target gene corresponding to the eight position herbs in Ba Zhen Tang was obtained.

Acquisition of Skin Photoaging-Related Genes
By inputting “Skin photoaging” into the GeneMap database (https://omim.org/search/advanced/geneMap) and
GeneCards database (The Human Gene Database, https://www.genecards.org/) to retrieve gene information,17,18 and
collecting the two sets, the target gene data of skin photoaging can be gained.

Construction of Protein–Protein Interaction (PPI) Network
Firstly, take the intersection of the drug target gene and the disease target gene to get the putative targets, and the online
Venn mapping software (http://www.bioinformatics.com.cn/static/others/jvenn/example.html) was used for visualization
mapping. Then, the putative targets PPI network was constructed by STRING online database (https://www.string-db.
org). STRING is a database of known and predicted protein–protein interactions. The interactions include physical and
functional associations.19 Finally, the PPI network map obtained in STRING was stored in.tsv format, then imported it
into Cytoscape 3.7.2 for network topology analysis and mapping.20

Gene Ontology (GO) Enrichment and Pathway Enrichment Analysis
Metascape database (https://metascape.org/) is a plethora of databases and tools that exist for gene annotation and gene
list enrichment analysis.21 The target of Ba Zhen Tang delaying skin photoaging was inputted into the Metascape
database with the organism limited to “Homo sapiens”, and other basic settings were the default value. Sorting the results
according to the number of targets involved and graphing the top 20 items.

Figure 1 Flowchart showing the network pharmacology and molecular docking for the investigation of the anti-photoaging effect of Ba Zhen Tang. Cyan box refers to main
process, transparent color box refers to database or source of data for the main process, green box refers to the origin of top 10 active components.
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Molecular Docking
Molecular docking of the active components and core proteins in the first 10 degrees. The MOL2 format of 10 active
compounds was gained from PubChem database (https://pubchem.ncbi.nlm.nih.gov) and 10 core protein PDB struc-
tures were downloaded from PDB database (PDB code: 1UNP, 3KJF, 1ALU, 5T01, 4FV5, 4QTB, 5I4Z, 5F1A, 5UUI,
5O1C) (http://www.rcsb.org).22,23 Proteins and compounds were introduced into the Autodock Tools-1.5.6 software to
remove water and add hydrogen atoms, finally saved in PDBQT format. The main pharmacodynamic components of Ba
Zhen Tang were docked with the core target gene by AutoDock vina. PyMOL was used to display the interaction
diagram.

Experimental Animals
The experimental animals were specific pathogen free (SPF) healthy 6 to 8 months old male Sprague Dawley (SD) rats with
body masses of 120–150 g provided by the Hubei Experimental Animal Research Center [License No. SCXK (E) 2010–
0009]. The rats were raised at the Animal Experiment Center of the Hubei University of Chinese Medicine at a room
temperature of 25°C±1°C and 40–60% relative humidity with a standard feed schedule. The study was approved by the
Institutional Review Board of the Ethics Committee of Hubei University of Traditional Chinese Medicine. All animals were
treated in compliance with the National Research Council’s Guide for the Care and Use of Laboratory Animals (1996).

Experimental Drugs
Ba Zhen Tang is mainly composed of Ginseng, Atractylodes macrocephala, Poria, Angelica, Chuanxiong, White peony,
Radix rehmanniae preparata and Licorice. It has been identified as valid by the Hubei University of Chinese medicine.
Through the traditional Chinese medicine preparation room of the Hospital of Traditional Chinese and Western Medicine
affiliated with the Hubei University of Chinese Medicine, the medicine was combined at the mass ratio of 1:1:1:1:1:1:1:1
and formed into a liquid cream. Based on the recommended amount of regenerative medicine per unit of human body, the
amount of regenerative medicine per unit rate was obtained and doubled. The normal method was used to concentrate the
Ba Zhen Tang to a crude drug at 1.3 g/mL, which was stored at 4°C for reserve.

Preparation of the Ba Zhen Tang Serum
The randomized digital table method was used to divide the Ba Zhen Tang serum group and the control serum group, with 10
rats in each group. After 1 week of adaptive feeding of the SD rats, the Ba Zhen Tang serum group was given 2.5g/kg Ba
Zhen Tang (according to the equivalent clinical dose),24 and the control serum group was given an equal volume of warm
water once per day for seven consecutive days. After the last gavage, the rats were fasted for 12 h. The rats were then
anesthetized with 10% chloral hydrate at 0.35 mL/100 g, after which blood was taken from the abdominal aorta. The blood
was left at room temperature for 4 h, and then the serum was centrifuged for 10 min at 3000 r/min, and stored at −70°C.

Cell Culture
Human immortalized epidermal cells HaCaT were purchased from iCell company (Shanghai, China). The cells were
cultured in DMEM medium that contained 10% fetal bovine serum (GIBICO, USA) and 1% penicillin-streptomycin
double antibody. They were maintained in a cell incubator with 5% CO2 at 37°C.

UV Radiation and Treatment
HaCaT cells were divided into two groups: the control group and the Ba Zhen Tang group. The control group was
continuously cultured for 24 h in a DMEM medium containing control serum. Ba Zhen Tang group was continuously
cultured for 24 h in a DMEM medium containing 10% final serum concentration of Ba Zhen Tang. Then, HaCaT cells
were irradiated with UVB (20 mJ/cm2) to induce cell senescence, UVB irradiation lasted for 5 days, once a day.
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Senescence-Associated β-Galactosidase (SA-β-Gal) Staining
HaCaT cells were detected by SA-β-gal staining kit (C0602; Beyotime, Shanghai, China). 1 mL SA-β-gal staining
fixative was added to make it fully cover the surface of the sample, which was placed in a wet box for 15 min at room
temperature. Then, the sample was rinsed 3 times with PBS for 5 min each. The filter paper was used to absorb water,
and an appropriate amount of staining working solution was added to make the working solution completely cover the
edge of the sample. The slides were put in a wet box in a 37°C thermostat overnight. The collected images were observed
under a microscope (Olympus, Japan). Senescent cells were stained dark blue.

Western Blot
Western blot was used to examine the expression of p16INK4a proteins in HaCaT cells. After the cells were lysed and
centrifuged, the total protein was extracted. According to the measured protein molecular weight, 12% separating gel and
5% concentrated gel were configured separately. The sample was loaded at an amount of 50μg/porin. Electrophoresis was
performed, and then the sample was transferred onto the membrane. After being removed from the blocking solution, the
membrane was incubated with primary antibody against p16INK4a (1:1000; 10883-1-AP; Proteintech, USA). After
washing the membrane, the secondary antibody (1:1000; ab7090; Abcam, USA) was incubated at room temperature
for 1 h. The protein was developed by ECL kit and the grey value was quantified by ImageJ software (version 1.48).

Statistical Analysis
The data were analyzed by GraphPad 7.0. All quantitative data were displayed as the mean ±standard deviation. One-way
analysis of variance was used for multiple comparisons. P < 0.05 was considered statistically significant.

Results
Main Active Ingredients in Ba Zhen Tang
According to the TCSMP database, 150 main active components were retrieved. Among them, the BS has 13 ingredients,
RS has 22 ingredients, BZ has 7 ingredients, FL has 15 ingredients, DG has 2 ingredients, CX has 7 ingredients, SDH has
2 ingredients, and GC has 92 ingredients. There are 5 ingredients in common, and the main active ingredients of DG and
SDH are common ingredients, the results are shown in Additional file 1.

Target Genes of Ba Zhen Tang
After removing ineffective active ingredients,122 active ingredients can be queried for corresponding effective target
proteins. Then the 122 target proteins were standardized by UniProt database. Finally, 240 target genes of Ba Zhen Tang
were obtained (Additional file 2). Cytoscape 3.7.2 was used to make the Ba Zhen Tang-active ingredients-targets gene
map (Figure 2) The main active components of Ba Zhen Tang in the first 10 degrees are listed in Table 1.

Target Genes Related to Skin Photoaging
Using GeneMap and GeneCards database to screen “Skin photoaging” and “Homo sapiens”, we get 234 and 36 skin
photoaging-related genes, respectively. Taken the two together, remove 5 duplicate values. Finally, 265 genes related to
skin photoaging were received.

The Key Targets of Ba Zhen Tang for Anti-Skin Photoaging
Among the 240 targets of Ba Zhen Tang and 265 genes related to skin photoaging, 60 of them are overlapped, suggesting
that these 60 genes may be the key targets that mediate the anti-skin photoaging effects of Ba Zhen Tang, the 60 core
target genes, the proteins they code, and their degrees are listed in Table 2. The potential key targets were analyzed by
PPI analysis, and the results were saved as a file in TSV format and imported into Cytoscape to draw PPI network
(Figure 3A and B).
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GO Enrichment Analysis
The Metascape database was used for GO enrichment analysis, the number of biological process (BP), cellular
component (CC), and molecular function (MF) entries was 1153, 45 and 89, respectively. The top 20 of them were
screened and represented as bar graph (Figure 4A–C).

KEGG Pathway Enrichment Analysis and KEGG Mapper
One hundred and fifty-five signaling pathways were identified, and the top 20 entries were selected and represented by
a graphical bubble (Figure 5A). The targets of Ba Zhen Tang for anti-photoaging are mainly related to MAPK pathway,
TNF pathway, AGE-RAGE signaling pathway in diabetic complications (Figure 5B–D), the IL-17 signal pathway, PI3K-
AKT pathway and apoptosis also play an important role in it.

Figure 2 Ba Zhen Tang-active ingredient-target genes map. The 240 target genes of Ba Zhen Tang were arranged in yellow rectangle in the center. The 122 active
components of Ba Zhen Tang were arranged in circle. Color classification of active ingredients: red belongs to 5 common ingredients, including DG and SDH, cyan belongs to
BS. Blue belongs to BZ, purplish belongs to CX, Orange belongs to FL, green belongs to GC, brown belongs to RS.
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Table 1 Top 10 Active Ingredients in the Network of Ba Zhen Tang-Active Ingredients-Targets Genes
Map

MOL ID Compound Degree OB% DL Medicine

MOL000422 Kaempferol 171 41.88 0.24 BS, GC, RS

MOL000098 Quercetin 145 46.43 0.28 GC

MOL000358 Beta-Sitosterol 105 36.91 0.75 BS, DG, RS
MOL000449 Stigmasterol 90 43.83 0.76 DG, RS, SDH

MOL003896 7-Methoxy-2-Methyl Isoflavone 38 42.56 0.2 GC

MOL004328 Naringenin 35 59.29 0.21 GC
MOL000392 Formononetin 34 69.67 0.21 GC

MOL002565 Medicarpin 30 49.22 0.34 GC
MOL000354 Isorhamnetin 30 49.6 0.31 GC

MOL000497 Licochalcone A 28 40.79 0.29 GC

Table 2 60 Key Targets of Ba Zhen Tang for Delaying Skin Photoaging

Gene
Names

Protein Names Degree

AKT1 RAC-alpha serine/threonine-protein kinase 53

TP53 Cellular tumor antigen p53 50
MAPK3 Mitogen-activated protein kinase 3 48

IL6 Interleukin-6 48

TNF Tumor necrosis factor 47
MAPK1 Mitogen-activated protein kinase 1 45

PTGS2 Prostaglandin G/H synthase 2 45

MYC Myc proto-oncogene protein 45
CASP3 Caspase-3 44

JUN Transcription factor AP-1 44

MAPK8 Mitogen-activated protein kinase 8 44
VEGFA Vascular endothelial growth factor A 42

MMP9 Matrix metalloproteinase-9 41

CAT Catalase 40
ESR1 Estrogen receptor 40

IL1B Interleukin-1 beta 39

EGF Pro-epidermal growth factor 39
EGFR Epidermal growth factor receptor 39

MAPK14 Mitogen-activated protein kinase 14 38

FOS Proto-oncogene c-Fos 38
MMP2 72 kDa type IV collagenase 37

PTEN Phosphatidylinositol 3,4,5-trisphosphate 3-phosphatase and

dual-specificity protein phosphatase

37

SIRT1 NAD-dependent protein deacetylase sirtuin-1 36

PPARG Peroxisome proliferator-activated receptor gamma 35

CASP8 Caspase-8 35
HIF1A Hypoxia-inducible factor 1-alpha 35

BCL2L1 Bcl-2-like protein 1 34

CASP9 Caspase-9 33
TGFB1 Transforming growth factor beta-1 proprotein 31

SOD1 Superoxide dismutase 29

CDKN1A Cyclin-dependent kinase inhibitor 1 29
NFKBIA NF-kappa-B inhibitor alpha 28

(Continued)
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Molecular Docking
In order to verify the accuracy of prediction target of Ba Zhen Tang active components, the top 10 components of Ba
Zhen Tang were docked with the top 10 core targets (Table 3). The binding score is less than −6kcal/mol, which indicates
that it is prone to interaction. Receptor protein PTGS2 combines best with all compounds. The other conformations such
as Kaempferol, β-sitosterol with CASP3, quercetin with TP53, naringenin with MAPK3, and quercetin, licorice chalcone
a, naringenin with MAPK1 also had great contact. We select three representative groups for composition analysis. The
conformations of receptor protein PTGS2 and the ligand kaempferol, receptor protein MAPK1 with the ligand quercetin,
and receptor protein MAPK3 and the ligand naringenin are shown in Figure 6.

Ba Zhen Tang Treatment Reduces Cell Senescence and p16INK4a Expression in
UV-Irradiated HaCaT Cells
HaCaT cells were pretreated with Ba Zhen Tang serum for 24 h and irradiated by UVB (20 mJ/cm2). Control cells were
cultured in the same condition with control serum pretreatment. After 5 days, SA-β-gal staining was utilized for detecting
cell senescence. We found that SA-β-gal-positive rate was 30.9 ± 1.21% in the control group, and 16.1 ±1.45% in the Ba
Zhen Tang group. SA-β-gal staining was distinctly decreased in Ba Zhen Tang serum treated HaCaT cells compared to
control cells (Figure 7A and B).

Table 2 (Continued).

Gene
Names

Protein Names Degree

MMP3 Stromelysin-1 27

MMP1 Interstitial collagenase 27
NOS2 Nitric oxide synthase 26

MAPK10 Mitogen-activated protein kinase 10 25

NFE2L2 Nuclear factor erythroid 2-related factor 2 24
ESR2 Estrogen receptor beta 20

CCNA2 Cyclin-A2 19

PPARA Peroxisome proliferator-activated receptor alpha 18
GSR Glutathione reductase 18

COL1A1 Collagen alpha-1(I) chain 18

BAX Apoptosis regulator 17
FASN Fatty acid synthase 16

IL1A Interleukin-1 alpha 16

ALOX5 Polyunsaturated fatty acid 5-lipoxygenase 15
RXRA Retinoic acid receptor RXR-alpha 14

CTSD Cathepsin D 13

CHUK Inhibitor of nuclear factor kappa-B kinase subunit alpha 13
ODC1 Ornithine decarboxylase 12

BAD Bcl2-associated agonist of cell death 12

HSF1 Heat shock factor protein 1 11
COL3A1 Collagen alpha-1(III) chain 9

PIK3CG Phosphatidylinositol 4,5-bisphosphate 3-kinase catalytic

subunit gamma isoform

7

RXRB Retinoic acid receptor RXR-beta 7

CYP1B1 Cytochrome P450 1B1 7

ACACA Acetyl-CoA carboxylase 1 5
XDH Xanthine dehydrogenase/oxidase 5

PPARD Peroxisome proliferator-activated receptor delta 5

SULT1E1 Sulfotransferase 1E1 2
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Figure 3 PPI network of Ba Zhen Tang against photoaging. (A) The core target PPI network constructed by STRING database. (B) The topology analysis of 60 core target
protein networks by Cytoscape and arranged in a ring according to the degree value.
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Western blot was performed to detect the expression of cell senescence marker p16INK4a. We found that Ba Zhen Tang
serum treatment distinctly decreased the expression of p16INK4a in UV-irradiated HaCaT cells compared with control
cells (Figure 7C, Table 4).

Discussion
In addition to the endogenous aging of the skin, since the skin is the outermost layer of the body, it is easier to suffer from
UV, thus induces oxidative stress and photoaging.7 Ba Zhen Tang has the functions of invigorating Qi, nourishing Blood,

Figure 4 Continued.
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beautifying skin, it was used to treat Chloasma in Chinese dermatology.25 In addition, Ba Zhen Tang has been proved to
regulate the process of oxidative stress, inflammation and apoptosis, therefore, its effect in delaying photoaging and
promoting facial rejuvenation is expected, but its mechanism of delaying skin photoaging is not clear. We elucidate the
mechanism of Ba Zhen Tang in delaying skin photoaging based on network pharmacology, molecular docking and vitro
experiment.

Through collecting the effective components of Ba Zhen Tang, we found that there are many anti-photoaging
components, including kaempferol, quercetin, beta-sitosterol and stigmasterol, etc.

Kaempferol is a natural flavonoid, widely distributed in many edible plants, fruits and traditional medicines. It has
been shown to have antioxidant, anti-inflammatory, anti-cancer and anti-bacterial effects.26,27 Kaempferol could protect
human cells from oxidative damage and apoptosis induced by hydrogen peroxide through the signal pathways of BAX/
Bcl-2 and Caspase-3.28 Kaempferol is the precursor of the COQ ring, and Coq is an important component of the
mitochondrial electron transport chain, a significant antioxidant present in all cell membranes and associated with many
aging diseases.29 Therefore, the addition of Kaempferol may be a potential treatment for photoaging.

Quercetin is a flavonol compound that is widely found in nature and has a variety of biological activities. It is a drug
that selectively removes senescent cells.30 Quercetin can increase the activity of AMP-activated protein kinase (AMPK)
and reduce the secretion of pro-inflammatory factors, such as IL-8, IFN-β, etc., to achieve the purpose of eliminating
aging fibroblasts.31 Inflammation and oxidative stress amplify each other and accelerate the aging of skin tissue.
Quercetin has been known to inhibit TNF-α, IL-1β, IL-6 and a large number of NO and ROS secreted by macrophages
during aging. The main mechanism is the formation of semi-quinone free radicals between phenolic hydroxyl and
radical, and terminates the free radical chain reaction, thus achieving the effect of delaying aging.32

It has been reported that beta-sitosterol plays a protective role in the chemical-induced injury of tissues, organs and
apoptosis.33,34 It enters the cell membrane via a ESR1 mediated PI3K/GSK3 beta signal transduction pathway to enhance
the resistance to oxidative stress and lipid peroxidation to slow the aging process.35

Figure 4 GO enrichment analysis of putative therapeutic targets. (A) Biological process. (B) Cellular component. (C) Molecular function.
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Figure 5 Continued.
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Figure 5 KEGG pathway enrichment analysis. (A) The ordinate represents the names of the pathways; the abscissa represents the ratio of the number of enriched genes in
each pathway to the core genes; the color of the dot corresponds to the P value; the size of the dots reflects the number of genes. (B) MAPK signaling pathway, enriched
with 19 core target genes. (C) TNF signaling pathway, enriched with 18 core target genes. (D) AGE-RAGE signaling pathway in diabetic complications, enriched with 18 core
target genes.
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We found that AKT1, TP53, MAPK3, IL6, TNF, MAPK1, PTGS2, Myc, Casp3 and Jun occupied the central position
in the core targets, and they may be the main regulators of Ba Zhen Tang in the treatment of photoaging. The results of
molecular docking also proved that they had good binding activity with the main active components of Ba Zhen Tang.

Prostaglandin G/H synthase 2 (PTGS2) is a rate-limiting enzyme in prostaglandin synthesis. PGE2 is the predominant
PTGS2-derived prostaglandin present in the oocyte microenvironment during the periconceptional period.
Periconceptional PGE2 signaling durably impacts oocytes, conferring increased resistance to spontaneous apoptosis in
blastocysts.36 The AKT/protein kinase B signaling channel can regulate cell proliferation and growth, and participate in
the cellular process of cell apoptosis. An in vitro study found that when young human serum was used to treat an aging
muscle cell model, Akt phosphorylation may increase compared to the older one.37 TP53 is a stress-inducible transcrip-
tion factor for genes involved in metabolism, autophagy, senescence, apoptosis, cell cycle arrest, and DNA repair.38

Inflammation in the absence of infection is a hallmark of aging,39 After treating mice with Ba Zhen Tang, inflammatory
cytokines such as IL6 and TNF reduced.8 Myc is a key transcription factor involved in cell cycle and cell senescence.40

Caspase-3 has been implicated in aging. It can trigger widespread damage and degeneration, playing a key role in
causing cell death.41 And c-Jun can be used as an indicator for early diagnosis of photoaging skin.42

GO enrichment analysis comprises three independent ontologies: Biological process, Molecular function and Cellular
component. Biological process refers to a biological objective to which the gene or gene product contributes. Molecular
function is defined as the biochemical activity. Cellular component refers to the place in the cell where a gene product is

Table 3 Molecular Docking

Components Proteins Docking Score
(-kcal/mol)

Kaempferol AKT1 6.7

TNF 6.5

PTGS2 9.3
CASP3 7.2

JUN 5.8

Quercetin AKT1 6.8
TP53 7.9

IL6 7.1
TNF 7.0

MAPK1 9.3

PTGS2 9.4
MYC 6.1

CASP3 7.7

JUN 6.0
Beta-Sitosterol PTGS2 9.5

CASP3 7.3

JUN 6.5
Stigmasterol PTGS2 8.1

7-Methoxy-2-Methyl Isoflavone PTGS2 8.9

Naringenin AKT1 7.0
MAPK3 9.1

MAPK1 8.7

PTGS2 9.5
CASP3 7.2

Formononetin PTGS2 8.9

JUN 5.6
Medicarpin PTGS2 8.0

Isorhamnetin PTGS2 8.5

Licochalcone A MAPK1 8.2
PTGS2 8.3
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Figure 6 Molecular docking diagram. (A) Kaempferol and PTGS2 form hydrogen bonds at TYR-130, ARG-44, GLY-135, and CYS-36. (B) Quercetin and MAPK1 form
hydrogen bonds at MET-106, ASP-104, ASP-109, ASP-165, LYS-52, and LYS-112. (C) Naringenin and MAPK3 form hydrogen bonds at LYS-71, ASN-171, and SER-170.
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active. The relationships between a gene product (or gene-product group) to biological process, molecular function and
cellular component are one-to-many, reflecting the biological reality that a particular protein may function in several
processes, contain domains that carry out diverse molecular functions, and participate in multiple alternative interactions
with other proteins, organelles or locations in the cell.43 GO enrichment analysis showed that Ba Zhen Tang was involved

Figure 7 Ba Zhen Tang treatment inhibits cell senescence and p16INK4a expression. (A and B) The senescence of Hacat cells treated with Ba Zhen Tang serum was
significantly lower than the control group. Scale bar: 200 μm. (C) Compared with the control group, the expression of p16INK4a was significantly decreased in the Ba Zhen
Tang group. ***p < 0.001.
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in many biological processes, such as response to reactive oxygen species and oxidative stress, vascular system
development and apoptosis, which were closely related to photoaging, the results are consistent with early studies. Ba
Zhen Tang acts on cellular components such as vesicular cavity, transcription factor complex and nuclear membrane,
with the participation of transcription factors, enzymes, receptors and lipids.

KEGG pathway enrichment analysis mainly involved MAPK signaling pathway, Tumor necrosis factors signaling pathway
and AGE-RAGE signaling pathway in diabetic complications. Ba Zhen Tang also has effects on PI3K-AKT signaling pathway,
apoptosis and IL-17 signaling pathway, etc., indicating that Ba Zhen Tang can act on skin photoaging through various ways.

One of the most significant metabolic pathways involved in aging is the mitogen-activated protein kinases (MAPK)
signaling pathway.44 MAPK signaling pathway exists in most cells and plays a major role in cell proliferation,
differentiation, transformation and apoptosis.45 In mammals, the MAPK signaling pathway is divided into four different
groups. The c-Jun N-terminal kinase (JNK) pathway, one of the four groups, has been proven to regulate cell
proliferation, differentiation, apoptosis and inflammation.46 Tumor necrosis factor α (TNF-α) is an inflammatory
mediator overexpressed in the skin as a response to ultraviolet radiation.47 TNFα is known to stimulate JNK, p38
MAPK and NF-κB signal transduction pathways, resulting in IL-6 release.48 Advanced glycation end products (AGEs)
are predominantly synthesized during chronic hyperglycemic conditions or aging. Apoptosis, oxidative stress, autophagy,
and necroptosis that are considerably infuenced by the AGE-RAGE signaling.49 P38 MAPK pathway is associated with
TNF signaling pathway, AGE-RAGE signal pathway in diabetic complications, PI3K-AKT signal pathway and apopto-
sis, it is suggested that these pathways are essential for delaying photoaging.

Senescence-associated β-galactosidase (SA-β-Gal) is a widely used marker of senescent cells in vitro and in vivo.50

The cell-cycle regulating gene, p16INK4A, encoding an inhibitor of cyclin-dependent kinases 4 and 6, is considered to
play an important role in cellular aging and in premature senescence.51 Our study strongly suggests that SA-β-Gal and
p16INK4a were decreased in the Ba Zhen Tang serum group compared with the control group. It shows that the serum of
mice treated with Ba Zhen Tang can significantly reduce the aging degree of skin tissue in vitro.

Conclusion
The target of Ba Zhen Tang in treating photoaging, gene function analysis and molecular docking predicted by this study
are consistent with the existing research reports, it shows the accuracy of target prediction in network pharmacology and
molecular docking, and demonstrates the characteristics of multi-component, multi-target and multi-pathway of tradi-
tional Chinese medicine preparation. In addition, the location of the target sites and the mapping of the pathways suggest
the importance of the MAPK pathway, TNF pathway and AGE-RAGE signal pathway in diabetic complications, it
provides a direction for further research on the mechanism of delaying photoaging by Ba Zhen Tang. In the future, more
data of Ba Zhen Tang anti-photoaging can be studied, including the vitro experiments to verify the regulation of Ba Zhen
Tang on MAPK signaling pathways, TNF signaling pathways and AGE-RAGE signaling pathway in diabetic complica-
tions. In addition, through the drug development experiments of Ba Zhen Tang and its active ingredients, more evidence
will be provided for the development of drugs to delay photoaging.
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