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The Qinghai‒Tibet Plateau, the “Roof of the World” in China, has high altitude, low pressure, thin 
air, little rain, long sunshine, and snow cover, causing 80–90% more Ultraviolet (UV) reflectance 
and greater skin UV exposure at high altitudes. Myricaria paniculata, a Tibetan plant growing at 
2000–4500 m, has anti-inflammatory, antioxidant, and immune-boosting effects and can protect 
skin cells from Ultraviolet B (UVB)damage. The protective effects of Myricaria paniculata compounds 
against UVB-induced HaCat cell damage were explored. Samples were divided into normal, model, 
and treatment groups (seven compounds). First, the cell viability and apoptosis rates of each group 
were measured, along with the levels of factors such as Reactive oxygen species (ROS) and Superoxide 
dismutase (SOD). Network pharmacology analysis and molecular docking were subsequently 
performed. This study revealed that the compound enhanced cell survival, inhibited apoptosis, reduced 
ROS and Malondialdehyde (MDA) levels, and increased SOD activity. It also lowered the levels of 
Interleukin-6 (IL-6), Tumor Necrosis Factor-α (TNF-α), and Aspartate protein hydrolase 3 containing 
cysteine (Caspase-3). An analysis of the intersection between the 218 targets of the seven compounds 
found in Myricaria paniculata and the 1002 targets associated with skin inflammation revealed 59 
common targets, with key targets including TNF and others. GO and KEGG analyses suggested the 
involvement of metabolic pathways. Seven core targets related to skin inflammation in Myricaria 
paniculata were identified by molecular docking. In addition, its compounds rhamnetin, rhamnocitrin, 
ferulic acid and kaempferol have good binding activity with TNF, PTGS2, EGFR and MMP9 targets. 
The Tibetan medicine Myricaria paniculata had a certain protective effect on UVB-induced HaCat cell 
damage.
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Abbreviations
UVB	� Ultraviolet ray B
HaCat	� Human Immortal Skin Keratinocytes
DMEM	� Dulbecco’s Modified Eagle’s Medium
P/S	� Penicillin/Streptomycin Soiution
PBS	� Phosphate buffer solution
FBS	� Fatal bovine serun
MDA	� Malondialdehyde
Capese-3	� Aspartate protein hydrolase 3 containing cysteine
ROS	� Reactive oxy gen species
SOD	� Superoxide Dismutase
OD	� Optical Aensity
CCK-8	� Cell Counting Kit-8
IL-6	� Interleukin-6
TNF-α	� Tumor Necrosis Factor-α
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UVB radiation can cause damages the skin significantly. ROS serve as critical mediators of the oxidative stress 
response and are capable of inducing degeneration of proteins and nucleic acids and lipid peroxidation, thereby 
causing oxidative damage to skin cells and potentially accelerating the aging process. MDA, a byproduct of 
lipid peroxidation, serves as an indicator of the extent of cellular damage due to free radical assault. SOD is 
a vital antioxidant enzyme within endogenous antioxidant systems and is responsible for decomposing free 
radicals generated by the body1. Excessive UVB exposure leads to the activation of ROS within the human 
body2,3. This oxidative stress response results in an accumulation of ROS free radicals that exceed the body’s 
capacity for detoxification4. Consequently, this imbalance can cause damage to cell membranes and excessive 
production of MDA due to lipid peroxidation, disrupting the equilibrium between the oxidative and antioxidant 
systems. This disruption triggers apoptosis and cellular function loss5. The resulting destruction of skin cell 
structure and biological activity contributes to photoaging, skin tumors, and other related diseases6–9. In 
vitro studies investigating skin damage caused by ultraviolet radiation have increasingly focused on HaCat 
cells, which play crucial regulatory roles in various biological processes10. Treatment with purified Astragalus 
membranaceus polysaccharide (AP) dramatically increases HaCaT cell viability and inhibits ROS generation11. 
Liciritin can protect HaCaT cells against photoaging through mechanisms such as increased antioxidant enzyme 
activity and the suppression of inflammatory cytokines12. Additionally, research has shown alterations in the 
expression of multiple genes during the natural aging process13.

Network pharmacology examines how medications, targets, and illnesses interact by combining pharmacology 
and systems biology14,15. This method has become increasingly popular for determining the intricate ways in 
which medications work, particularly in the field of polypharmacology, where a single compound can interact 
with several targets to produce pleiotropic effects16. Network pharmacology breaks the mode of traditional drug 
research and development focusing on a single target, constructs a biological network by integrating multi-
omics data, and studies the mechanism of drug action and the intervention effect on disease network from the 
system level, so as to provide new ideas and methods for drug research and development17. Currently, network 
pharmacology methods are increasingly used in traditional Chinese medicine research, which can link the 
complex chemical system of traditional Chinese medicine with the complex biological system of diseases and 
syndromes18. It can effectively explore the regulation mechanism of traditional Chinese medicine on disease 
network19.

Myricaria paniculata P. Y. Zhang et Y. J. Zhang, the tender branches and leaves of various plants in the family 
Tamaricaceae and the genus Myricaria, is a commonly used medicinal material in Tibetan medicine20,21. It is 
primarily found in Qinghai, Xizang, Sichuan, Yunnan, Gansu, and other locations. The tender branches are 
flat and green, with astringent and slightly bitter tastes, which are the medicinal parts. They are mainly used 
for treating conditions such as “yellow water disease,” sore throat, epidemic diseases, and internal toxins22, and 
are known for their antifatigue and antioxidant properties, as well as their antibacterial, anti-inflammatory, 
analgesic, antirheumatic, and hepatoprotective effects23. M. paniculata extract has a significant protective effect 
on CCL4-induced liver injury in mice24. The chemical composition of the volatile oil from the Tibetan medicine 
M. paniculata was analyzed and identified, revealing various bioactive compounds. For example, linalool has 
strong antibacterial and antiviral effects; cedrol (referred to as Cedarwood alcohol) has sedative, antispasmodic, 
analgesic, and antiarthritic properties; and 3,5-di-tert-butyl-4-hydroxybenzaldehyde is used for the treatment 
of rheumatoid arthritis and osteoarthritis25. In other studies, it has been found that M. paniculata has excellent 
antioxidant capacity because it scavenges free radicals, inhibits free radical production, reduces lipid peroxidation, 
and stimulates antioxidant enzymes26. Certain phenolic compounds in M. paniculata have been identified as 
having strong antioxidant activity27, and their flavonoid compounds have also been shown to have strong in vitro 
antioxidant capacity21. Recent research has unveiled that the ethanol extract of Coriandrum sativum L. possesses 
antioxidant properties, which can effectively shield the skin from photoaging induced by UVB radiation28. 
Additionally, quercetin, a natural flavonoid renowned for its antioxidant capabilities, has been demonstrated to 
exert a pronounced protective influence on the skin, effectively combating oxidative damage triggered by UVB 
exposure29. However, there is insufficient evidence to prove the protective effect of M. paniculata compounds 
on UVB-induced damage in HaCaT cells. Therefore, this study employs network pharmacology and molecular 
docking to investigate the inhibitory effects of M. paniculata compounds on UVB-induced HaCaT cell damage.

Materials and methods
Materials, reagents, and instruments
This study obtained the chemical composition of M. paniculata compounds through literature review30. HaCat 
cells were obtained from Wuhan Procell Life Technology Co., Ltd., while the seven monomeric compounds 
were supplied by the comprehensive utilization and development research team of medicinal plant resources in 
Qinghai Province as part of the research group. Compounds are shown in Table 1.

DMEM high-sugar medium, penicillin-streptomycin solution (100×), 0.25% EDTA-trypsin solution (Procell 
Life Technology, Ltd); Cell Counting Kit-8 (Elabscience Corporation), FBS (Thermo Fisher Technologies); 
DMSO, PBS (Solarbio Technology Co., Ltd.); Fetal calf serum (Thermo Fisher Company); Annexin V-FITC / 
PI fluorescence double-dye cell apoptosis assay kit, CASP-3 enzyme-linked immunosorbent assay, TNF- α, IL-
6, and SOD colorimetric assay kit (Elabscience); MDA, ROS, and TP assay kit (Nanjing Jiancheng Institute of 
Bioengineering).

AC2-4S1 Bioclean Workbench (ESCO Group, Singapore); HF90CO2 incubator (Likang Biomedical 
Technology Holding Co., Ltd.); Infinite M200 PRO raster type multi-function microplate reader (Tecken, 
Switzerland); XP6 / 52 microelectron weighing term (Mettler-Toledo Group, Switzerland); IX71 inverted 
fluorescence microscope (Olympus, Japan); Infinite M200 PRO raster type multi-function microplate reader 
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(Tecken, Switzerland); Allegra X-30R high-speed frozen centrifuge (Beckman Kurt Co., Ltd.); 40 W UVB-313EL 
UV experimental tube; LH-125 UV irradimeter (Shenzhen Guanhongrui Technology Co., Ltd.).

Cells were cultured and thawed
HaCaT cells were seeded into 25 cm² culture flasks and cultivated at 37 °C in a cell incubator saturated with 
5% CO2, containing 10% FBS and 1% P/S. When cell fusion reaches 70–90%, discard the old culture medium 
and wash twice with room temperature PBS buffer. Add 2–3 mL of pre-warmed 0.25% EDTA-trypsin digestion 

Table 1.  Compounds name comparison table.
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solution at 37 °C and incubate for 8–10 min at 37 °C. When cells become round and detach, add 4–6 mL of 
DMEM complete medium to stop the enzymatic reaction. Transfer the mixture to a 10 mL centrifuge tube and 
centrifuge at 1000 r/min for 5 minutes. Discard the supernatant, add DMEM complete medium, mix well, and 
count the cells. Adjust the concentration to 2 × 105 cells/mL. Place the cell suspension in several culture flasks 
and incubate at 37 °C with 5% CO2 until reaching 80–90% confluence. The log-phase cells were then harvested 
for further research.

Effects of M. paniculata monomeric compounds on cell viability
After the HaCat cells were expanded and allowed to acclimate to 80–90% confluence, they were digested, resulting 
in 2 × 105 cells per milliliter. After that, the cells were injected for 24 h at 100 µL per well in 96-well plates. The 
seven chemical concentration gradients were established at 3, 5 and 10 µmol/L. Furthermore, after CCK-8 was 
added and the cells were cultured for two hours, the cells in each chemical group were treated for 4 h, 6 h, or 8 h. 
The microplate reader was then warmed for 15 min, and the OD value of each well was determined at 450 nm.

UVB irradiation and cell viability assay
The distance between the cell culture plate and the UVB ultraviolet lamp is 7 cm, and the irradiation intensity 
measured by the ultraviolet irradiation meter is 4.0mW · cm−2. The cells were irradiated with UVB at 5, 10, 15 
and 20 min, and the upper PBS was removed. The cells were subsequently washed with PBS 1 ~ 2 times. Then, 
DMEM was added, and the samples were incubated at 37 °C in a 5% CO2 incubator overnight. The next day, the 
OD450 absorbance was measured after the addition of CCK-8 solution and incubation for 2 h. The data obtained 
were collated by Execl and plotted by OriginPro 9.1.

The effect of each group on cell survival was determined by the CCK-8 assay
The cells were randomly divided into normal, model, and compound groups, and each group had six wells. The 
model group was subjected to 2.4 J/cm2 UVB irradiation. The compound group, which was exposed to 2.4 J/cm2 
UVB, was also cultured in an incubator in medium containing each compound. After treatment, CCK-8 was 
added to measure the absorbance, and the images were observed and analyzed under a fluorescence inverted 
microscope. Fluorescence intensity was measured using the AmScope software that came with the microscope.

Apoptosis of HaCat cells in each group was determined by flow cytometry
Cells were seeded in 24-well plates, and the grouping, drug administration, and UVB irradiation methods were 
the same as those described in the previous experiment. Afterward, the culture medium was discarded, and the 
cells were washed twice with PBS. Subsequently, 500 µL of 1× Annexin V Binding Buffer, 5 µL of FITC-labeled 
Annexin V, and 5 µL of nuclear staining solution were added sequentially, and the cells were incubated at room 
temperature for 15 min31.

Measurement of the levels of the ROS, SOD, MDA, IL-6, TNF-α, and Caspase-3 proteins in 
HaCat cells in each group
The cells were seeded in 6-well culture plates and sequentially grouped, subjected to UVB irradiation, and the 
cell ROS, SOD, and MDA levels were measured according to the instructions of the ROS, SOD, and MDA 
kits. The DCFH-DA fluorescence intensity was measured at an excitation wavelength of 500 nm and emission 
wavelength of 525 nm, and the intracellular ROS levels in each group were expressed as fluorometric values. The 
values of IL-6, TNF-α, and Caspase-3 were then determined according to the instructions of the IL-6, TNF-α, 
and Caspase-3 kits. The obtained data was organized using Excel, statistically analyzed using SPSS 25.0, and 
plotted using OriginPro 9.1. The inter group analysis was compared using one-way analysis of variance.

Screening of compound targets, skin inflammatory disease targets and compound–skin 
inflammatory target databases
The compound SMILES structures were first searched in the PubChem database ​(​​​h​t​t​p​s​:​/​/​p​u​b​c​h​e​m​.​n​c​b​i​.​n​l​m​.​n​i​h​
.​g​o​v​/​​​​​) and input to obtain the compound target sites in the Swiss Target Prediction Database ​(​​​h​t​t​p​:​/​/​w​w​w​.​s​w​i​s​s​t​
a​r​g​e​t​p​r​e​d​i​c​t​i​o​n​.​c​h​/​​​​​)​. From the Gene Cards Database (https://www.genecards.org/) and the DisGeNET Database 
(https://www.disgenet.org/), “Dermatitis” was used to screen for the retained targets of a relevance score of 1 
and a score of 0.1, after which the target database of skin inflammatory disease was established30. Entering these 
targets in VENNY yields (​h​t​t​p​s​:​​/​/​b​i​o​i​​n​f​o​g​p​.​​c​n​b​.​c​s​​i​c​.​e​s​​/​t​o​o​l​s​​/​v​e​n​n​y​​/​i​n​d​e​x​​.​h​t​m​l) common targets and a Venn 
diagram.

Construction of a network of skin inflammatory disease targets and potential targets
Intersecting targets were entered into the String database (​h​t​t​p​s​:​​​/​​/​c​​n​.​s​t​r​i​n​​g​-​​d​b​.​o​​​r​g​/​​c​g​​i​/​i​n​​p​​u​t​?​s​e​s​​s​i​​o​n​I​​d​=​b​P​f​C​​L​C​
J​x​​k​​u​9​q​&​​i​n​​p​u​t​​_​p​​a​g​​e​_​s​h​o​w​_​​s​e​a​r​c​h​=​o​n) to obtain the PPI network map. The relevant information is subsequently 
input into the Cytoscape software to further evaluate the key targets and organize the network map.

GO function, KEGG enrichment analysis, and construction of the drug‒disease‒component‒
target‒pathway network
Intersection targets were fed into the DAVID Database (https://david.ncifcrf.gov/) for enrichment analysis and 
visual analysis in microbioletters (https://www.bioinformatics.com.cn/). Set “EASE < 0.05, Count ≥ 4, FDR < 0.01, 
P < 0.05”. The Excel property files were constructed on the basis of the above analysis results, and drug‒disease‒
component‒target‒pathway maps were constructed via Cytoscape software32.
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Molecular Docking
The structural information of the receptors and ligands was downloaded from the PDB database ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​r​
c​s​b​.​o​r​g​/​​​​​) and the TCMSP database (https://old.tcmsp-e.com/tcmsp.php). The receptor proteins were dehydrated 
and dephosphorylated via PyMOL software, followed by molecular docking via AutoDockTools and AutoDock 
Vina software, after which the results were visualized via PyMOL software33.

Results
Effects of different concentrations and durations of treatment on HaCat cell viability
According to the experimental results, at 4 h (Fig. 1. A), 6 h (Fig. 1. B) and 8 h (Fig. 1. C), compounds 4, 7 and 
6 had the strongest effects on improving cell viability at 3 µmol/L, respectively. Therefore, 3 µmol/L was used 
as the experimental concentration. The cell viability of the compounds after treatment for different durations 
at 3 µmol/L is shown in (Fig. 1. D), indicating that the cell viability reached more than 100% at 6 h, so the most 
appropriate treatment time was 6 h.

Viability of HaCat cells after gradient UVB irradiation
Survival results of cells after gradient UVB irradiation are shown in (Fig. 1. E). The longer the irradiation time 
was, the lower the cell viability. At 10 min, the experimental results reached a significant level (P < 0.05), and the 
cell survival rate was 83%, so 10 min was suitable for subsequent experiments with a dose of 24 J/cm2.

The viability of each group was determined via the CCK-8 assay
The results of this experiment showed a significant decrease in cell survival in the model group. The survival 
rate of each compound after treatment was between 61.34% and 69.52%, which was greater than that of the 
irradiation group, indicating that all the compound treatments improved cell viability.

Apoptosis in each group was visualized via Annexin V-FITC/PI fluorescence double staining
The staining results are shown in Fig.  2, where the model group was more abundant and stronger than the 
normal group was, and the two bright spots in each compound-treated group were smaller than those in the 
model group. Moreover, the early and late apoptotic indices of the model group were significantly greater than 
those of the normal group (P < 0.01). Compared with those of the model group, the early and late apoptotic 
indices of the compound treatment group were lower. The addition of available compounds reduced HaCat cell 
apoptosis caused by UVB.

Changes in ROS, SOD, and MDA contents and IL-6, TNF-α, and Caspase-3 contents in HaCat 
cells after UVB irradiation
The ROS measurement results are shown in Fig. 3, which reveals that the gray value of the model group has 
improved, whereas the gray value of each treatment group has significantly decreased compared with that of 
the model group. SOD viability decreased after UVB treatment and was significantly different from that of the 
normal group (p < 0.01); the intracellular SOD viability in the compound group increased compared with that 
in the model group, with SOD activity ranging between 11.84 and 26.07 U/mg prot (Fig. 4, A). Among them, 
the activity of SOD in the cells treated with compound 6 and compound 1 was the most significant, which was 
129.29% and 109.94% higher than that in the model group. Compound 3 had the weakest increase in intracellular 
SOD activity (11.84 U / mgprot), which was only 4.13% higher than that of the model group (Table 2). The 
cellular MDA content increased after UVB irradiation, and compared with that in the normal group, the MAD 
content in the model group was significantly greater (P < 0.01), whereas the MDA content in the compound 
group was lower than that in the model group (Fig. 4, B). Among them, compound 6 and compound 1 treatment 
groups inhibited the increase of MDA content most significantly, with MDA content of 29.40 and 30.22 nmol / 
mgprot, which decreased by 25.55% and 23.48%, respectively (Table 3). This study revealed that M. paniculata 
compounds can reduce the contents of ROS and MDA and increase the content of SOD.

In addition, the contents of IL-6 (Fig.  4, C), TNF-α (Fig.  4, D) and Caspase-3 (Fig.  4, E) in the UVB 
compound group were significantly greater than those in the normal group, whereas the contents of IL-6, TNF-α 
and Caspase-3 in the compound group were significantly greater than those in the model group. These findings 
indicate that M. paniculata compounds can regulate and improve the inflammatory response induced by UVB.

Screening of compound targets and skin inflammation targets and acquisition of intersecting 
targets
The database search yielded 218 targets of M. paniculata and 1,002 targets related to skin inflammation. The 
intersection of the two genes was determined via the Venny online platform, and a total of 59 genes associated 
with the treatment of skin inflammation in M. paniculata were obtained and plotted on a Venn diagram (Fig. 5, 
A).

PPI network construction of M. paniculata compound-skin inflammation intersection targets
The PPI network was imported into the STRING database (Fig. 5, B). The key targets were further determined 
according to the degree value in the Cytoscape software (Fig. 5, C). The central targets are TNF (degree: 43.0), 
PTGS2 (degree: 31.0), EGFR (degree: 31.0), MMP9 (degree: 29.0), TLR4 (degree: 29.0), STAT3 (degree: 29.0), 
IL2 (degree: 28.0), MPO (degree: 21.0), and MMP2 (degree: 19.0).
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Fig. 1.  Determination of cell viability values for each group (A) Cell viability at different concentrations for 
each compound after 4 h of treatment. (B) Cell viability at different concentrations for each compound after 
6 h of treatment. (C) Cell viability at different concentrations for each compound after 8 h of treatment. (D) 
Cell viability for each compound at 3 µmol/L. (E) Viability for cells after irradiation with 5, 10, 15, or 20 min 
of UVB. *p Represents a significant difference from the controls (p < 0.05), and **p indicates an extremely 
significant difference between the controls (p < 0.01).
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GO enrichment and KEGG pathway analysis and drug‒disease‒component‒target‒pathway 
network construction
The results of the GO enrichment analysis revealed that BP included 236 biological processes associated with 
cell aging, drug reactions, and extracellular matrix decomposition; CC included 36 processes associated with the 
cytoplasmic membrane, extracellular matrix, extracellular gap, etc.; and MF included 51 processes associated 
with zinc ion binding, endopeptidase activity, serine-type internal peptidase activity, etc. The top 15 pathways 
associated with logP were selected, and the groups associated with the results of the GO functional enrichment 
analysis were drawn, as detailed in Fig. 6. For KEGG pathway enrichment analysis, 103 pathways were selected. 
The targets of M. paniculata in skin inflammation were enriched mainly in metabolic pathways, cancer-related 
pathways, COVID-19-related pathways, and other signaling pathways. The top 20 pathways of the count sequence 
were selected for visualization, as detailed in Fig. 7. Drugs, components, diseases, and related targets and related 
pathways were introduced into CytoScape software to obtain drug-disease-component-target-pathways, as 
detailed in Fig. 8. Among them, triangles represent diseases, circles represent compounds, hexagons represent 
pathways, blue quadrangles represent drugs, and green squares represent target sites. One component in the 
figure corresponds to multiple targets, and one target corresponds to multiple collaterals, indicating that the 
compounds act through multiple pathways and multiple targets.

Molecular Docking
Four core targets, TNF, PTGS2, EGFR, and MMP9, were selected and verified by molecular docking with four 
M. paniculata compounds, Rhamnazin, rhamnocitrin, ferulic acid, and kaempferol, and the binding energies 
are detailed in Table 4. It is generally believed that a binding energy of less than − 4.25 kcal/mol suggests that 
the ligand has some binding activity with the receptor, less than − 5.0 kcal/mol, and strong binding activity of 
less than − 7.0 kcal/mol34. The molecular docking results revealed that the active components of the above weng 
cloth and the core target had better binding ability, so the predicted results were considered true and reliable, and 
the results with less docking energy were selected for display. The results are shown in Fig. 9.

Fig. 2.  Results of Annexin-FITC staining of cells in each group A: normal group; B: model group; C: 
compound 1 treatment group; D: compound 2 treatment group; E: compound 3 treatment group; F: 
compound 4 treatment group; G: compound 5 treatment group; H: compound 6 treatment group; I: 
compound 7 treatment group.
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Discussion
In this study, the relationship between the dosage of M. paniculata compounds and cell viability exhibited an 
“inverted U-shaped” curve, rather than a simple linear correlation. This observation indicates that an excessive 
dosage of the compounds does not further enhance cell viability, which may be associated with cytotoxicity at 
higher concentrations. This suggests that the effect of these compounds on HaCaT cells may not be direct or 
active. Additionally, cell survival rates were found to be positively correlated with the irradiation dose. Therefore, 
subsequent experiments determined the optimal compound concentration (3 µmol/L), exposure time (6  h), 
and irradiation dose (24 J/cm²). Among the compounds, compound 1 had a significant impact on cell viability. 
Compounds 3, 4, and 6 may primarily inhibit early cell apoptosis, while compounds 2, 3, 4, and 5 may delay cell 
apoptosis. Compounds 3 and 4 may have minimal irritancy to the cells and exhibit stronger inhibitory effects on 
cell apoptosis compared to other groups. Notably, the incidence of late apoptosis was positively correlated with the 
concentration, whereas early apoptosis was negatively correlated. In terms of cell protection, these compounds 
can enhance intracellular SOD activity, reduce MDA and ROS concentrations, and decrease inflammatory 
factors such as IL-6 and TNF-α, as well as caspase-3 protein content, thereby resisting UVB-induced damage. 
Compounds that do not enhance intracellular SOD activity may primarily act on the inflammatory signaling 
pathways of the cells, rather than the SOD-related antioxidant signaling pathways.

Through network pharmacology methods combined with molecular docking techniques, a network analysis 
was conducted on the mechanisms of action of seven compounds in inhibiting skin inflammation. Key targets 
were docked with these compounds. The results showed that the seven core targets related to skin inflammation 
in M. paniculata include TNF, PTGS2, EGFR, MMP9, TLR4, STAT3, IL2, MPO, and MMP2. TNF-α co-cultured 
with endothelial cells can increase the expression of major histocompatibility complex class I antigens (MHC 
class I antigens) and intercellular adhesion molecule-1 (ICAM-1), promote the secretion of interleukin-1 (IL-
1), granulocyte-macrophage colony-stimulating factor (GM-CSF), and interleukin-8 (IL-8), and enhance the 
adhesion of neutrophils to endothelial cells, thereby stimulating local inflammatory responses. Currently, TNF-α 
has been identified as a major regulator of inflammatory responses. M. paniculata may exert antagonistic effects 
by blocking the interaction between TNF-α and its receptors, or in some cases, acting as an agonist to stimulate 
reverse signal transduction, leading to apoptosis of immune cells that produce TNF-α35. However, apoptosis 
is a complex process regulated by multiple factors and is not dependent on a single factor. PTGS2 is the main 
rate-limiting enzyme for prostaglandin synthesis, which can be induced by various inflammatory mediators 
and cytokines, and is involved in tissue inflammation as well as cell differentiation and proliferation processes36. 
EGFR has certain regulatory mechanisms for inflammation, mainly through the TLR family signal pathway to 

Fig. 3.  Results of Annexin-FITC staining of cells in each group A: normal group; B: model group; C: 
Compound 1 treatment group; D: Compound 2 treatment group; E: Compound 3 treatment group; F: 
Compound 4 treatment group; G: Compound 5 treatment group; H: Compound 6 treatment group; I: 
Compound 7 treatment group.

 

Scientific Reports |        (2025) 15:10909 8| https://doi.org/10.1038/s41598-025-93633-x

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 4.  Changes in measured values of HaCat cells after UVB irradiation with different compounds. (A) 
Changes in SOD activity in HaCat cells after UVB irradiation with various compounds. (B) Changes in the 
MDA content of HaCat cells after UVB irradiation with various compounds. (C) Effects of compounds on the 
content of IL-6 in HaCaT cells after UVB irradiation. (D) Effects of compounds on the content of TNF-α in 
HaCat cells after UVB irradiation. (E) Effects of compounds on the content of Caspase-3 in HaCat cells after 
UVB irradiation. *p Indicates a significant difference between the treatment and normal groups at p < 0.05, 
**p indicates a significant difference between the treatment and normal groups at p < 0.01, and ##p indicates 
a significant difference at p < 0.01 for the model and normal groups. The difference between each well was 
calculated as (survival rate of each well in each group/mean survival rate of the model group) −1.
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induce the expression of tumor necrosis factor-α converting enzyme (TACE) or TACE-like metalloproteinases, 
thereby promoting the cleavage and release of transforming growth factor-β (TGF-β). TGF-α, as a ligand that 
binds to EGFR, activates downstream mitogen-activated protein kinase (MAPK) and phosphatidylinositol-3 
kinase (PI3-K) signaling pathways after EGFR dimerization and phosphorylation, ultimately playing a role 
in regulating cytokine transcription. If M. paniculata blocks the EGFR pathway, it can reduce the expression 
and release of inflammatory factors, thereby alleviating skin inflammatory responses and providing a certain 
protective effect.

GO and KEGG analyses are instrumental in understanding the functions and pathways of core targets37–39. 
GO pathways cover cellular senescence, drug response, and extracellular matrix degradation. Cellular senescence 
is closely linked to inflammation, as aging affects the immune system’s ability to clear senescent cells, leading 
to increased inflammation. Molecular functions involve the cytoplasmic membrane, extracellular matrix, 
and interstitial spaces. The extracellular matrix serves as a “landing zone” for inflammatory cells, and cellular 
components include zinc ion binding and peptidase activity. Zinc is involved in the activity of health-related 
enzymes and can provide protection against ultraviolet rays and inflammation. Enhanced peptidase activity can 
accelerate the degradation of tachykinins to inhibit neurogenic inflammation.

KEGG pathway analysis indicates that targets involved in the treatment of skin inflammation are primarily 
enriched in metabolic pathways, cancer-related pathways, COVID-19-related pathways, lipids and atherosclerosis, 
PI3K-AKT signaling, Chagas disease, and HIF-1 signaling pathways. M. paniculata compounds may regulate 
processes such as carbohydrate metabolism, lipid metabolism, and amino acid metabolism, thereby reducing 
inflammatory responses. These compounds may also act on cancer-related pathways by regulating apoptosis. 
The regulation of COVID-19-related pathways by M. paniculata compounds may be associated with immune 
regulation and inflammation inhibition. The regulation of lipid and atherosclerosis pathways can affect the lipid 
composition and metabolic processes of skin cells. M. paniculata compounds may regulate the uptake, transport, 
and metabolism of cholesterol, maintaining the normal lipid structure of cell membranes and reducing oxidative 
stress and inflammatory responses. Activation of the PI3K-AKT signaling pathway can promote cell survival, 
inhibit apoptosis, and enhance the cell’s tolerance to inflammatory damage, making it a key regulatory pathway 
for cell survival and metabolism. M. paniculata compounds may activate this pathway to reduce the synthesis 

Group UVB levels J/cm2
MDA content
nmol/mgprot Difference of survival rate between each group and model group(%)

normal group 0 28.62 ± 0.011 27.54 ± 0.023

model set 24 39.49 ± 0.011## -

compound1 24 30.22 ± 0.016** 23.49 ± 0.01

compound2 24 32.39 ± 0.005** 17.98 ± 0.01

compound3 24 38.64 ± 0.010** 2.15 ± 0.021

compound4 24 37.50 ± 0.017** 5.04 ± 0.035

compound5 24 31.23 ± 0.010** 20.92 ± 0.021

compound6 24 29.40 ± 0.012** 25.55 ± 0.025

compound7 24 34.58 ± 0.016** 12.43 ± 0.033

Table 3.  Changes in the MDA content of HaCat cells after UVB irradiation with various compounds. **p 
represents a significant difference between the treatment and normal groups at the p < 0.01 level, and ##p 
indicates a significant difference at the p < 0.01 level in the model vs. normal groups. The difference was 1- 
(survival per well in each group/average survival of the model group).

 

Group UVB levels J/cm2
SOD vitality
U/mgprot Difference of survival rate between each group and model group(%)

normal group 0 26.15 ± 0.018 129.99 ± 0.132

model set 24 11.37 ± 0.003## -

compound1 24 23.87 ± 0.036** 109.94 ± 1.189

compound2 24 16.65 ± 0.101** 46.49 ± 0.796

compound3 24 11.84 ± 0.102 4.13 ± 0.803

compound4 24 13.52 ± 0.083** 18.91 ± 0.957

compound6 24 26.07 ± 0.111** 129.29 ± 0.799

compound7 24 13.50 ± 0.073** 18.73 ± 0.958

Table 2.  Changes in SOD activity after UVB irradiation with various compounds. *p Indicates a significant 
difference between the treatment and normal groups at p < 0.05, **p indicates a significant difference between 
the treatment and normal groups at p < 0.01, and ##p indicates a significant difference at p < 0.01 for the model 
and normal groups. The difference between each well was calculated as (survival rate of each well in each 
group/mean survival rate of the model group) −1.
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of inflammatory factors such as TNF-α and IL-6, thereby alleviating skin inflammatory responses. The Chagas 
disease pathway may involve immune regulation and stress response mechanisms within cells. The hypoxia-
inducible factor-1 (HIF-1) signaling pathway: M. paniculata compounds may also reduce the infiltration of 
inflammatory cells and the release of inflammatory mediators through the HIF-1 signaling pathway, thereby 
reducing the degree of skin inflammation and playing an important role in the treatment of skin inflammation.

These findings indicate that M. paniculata compounds influence skin inflammation through multiple 
pathways. Molecular docking results show that M. paniculata compounds, such as rhamnazin, rhamnocitrin, 
ferulic acid, and quercetin, have good binding activity with targets such as TNF, PTGS2, EGFR, and MMP9, 

Fig. 5.  Analysis of Target Comparisons, PPI Network in STRING Database and Constructed PPI 
Infrastructure with Cytoscape (A) Venn diagram of the target comparisons. (B) The PPI network in the 
STRING database. (C) PPI einfrastructure. The PPI network was constructed via Cytoscape. Deeper colors and 
larger circles indicate more critical proteins.
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further confirming the therapeutic potential of M. paniculata as a drug. M. paniculata compounds have multiple 
potential pharmacological effects in clinical applications, but their translation and application face challenges, 
including the diversity of chemical components, the complexity of pharmacological effects, and the insufficiency 
of clinical validation.

Conclusions
In this study, we found that the seven compounds of M. paniculata are related to cell viability, with compound 
1 having a significant impact on cell viability. Additionally, the compounds of M. paniculata can enhance 
intracellular SOD activity, reduce MDA and ROS concentrations, and decrease inflammatory factors such as IL-6 
and TNF-α, as well as caspase-3 protein content, thereby resisting UVB-induced damage. The mechanisms of 
action were revealed through network pharmacology and molecular docking techniques, identifying seven core 
targets. Some of these compounds showed good binding activity with the targets. In summary, the compounds 
of M. paniculata have a certain protective effect against UVB-induced damage in HaCaT cells. Future research 
can use fibroblasts to evaluate the protective effects of compounds. In addition, local formulations for preclinical 
and clinical trials can also be developed.

Fig. 6.  GO enrichment analysis.
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Fig. 7.  KEGG analysis.
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compounds TNF PTGS2 EGFR MMP9

Rhamnazin −8.8 kcal/mol −6.9 kcal/mol −8.8 kcal/mol −8.0 kcal/mol

Rhamnocitrin −6.7 kcal/mol −6.3 kcal/mol −9.4 kcal/mol −5.8 kcal/mol

Ferulic acid −6.0 kcal/mol −5.5 kcal/mol −6.6 kcal/mol −4.5 kcal/mol

Kaempferol −8.6 kcal/mol −7.3 kcal/mol −8.4 kcal/mol −7.5 kcal/mol

Table 4.  Compounds with binding affinity to key targets.

 

Fig. 8.  Drug‒disease‒component‒target‒pathway map. Triangles represent diseases, circles represent 
compounds, hexagons represent pathways, blue quadrangles represent drugs, and green squares represent 
target sites.
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Data availability
This article provides some of the data from this study. The corresponding author may provide the dataset used in 
the current study upon reasonable request. The available information includes PubMed, Google Scholar, Baidu 
Scholar, Web of Science, SciFinder, Springer, ScienceDirect, CNKI, as well as searching for classic books on 
Chinese herbal medicine.
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Fig. 9.  Molecular docking results.
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