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ABSTRACT
Context:  Hyperpigmentation, a common skin condition marked by excessive melanin production, 
currently has limited effective treatment options.
Objective: This study explores the effects of Tao-Hong-Si-Wu decoction (THSWD) on hyperpigmentation 
and to elucidate the underlying mechanisms.
Materials and methods:  We employed network pharmacology, Mendelian randomization, and 
molecular docking to identify THSWD’s hub targets and mechanisms against hyperpigmentation. The 
Cell Counting Kit-8 (CCK-8) assay determined suitable THSWD treatment concentrations for PIG1 cells. 
These cells were exposed to graded concentrations of THSWD-containing serum (2.5%, 5%, 10%, 15%, 
20%, 30%, 40%, and 50%) and treated with α-MSH (100 nM) to induce an in vitro hyperpigmentation 
model. Assessments included melanin content, tyrosinase activity, and Western blotting.
Results: ALB, IL6, and MAPK3 emerged as primary targets, while quercetin, apigenin, and luteolin were 
the core active ingredients. The CCK-8 assay indicated that concentrations between 2.5% and 20% 
were suitable for PIG1 cells, with a 50% cytotoxicity concentration (CC50) of 32.14%. THSWD treatment 
significantly reduced melanin content and tyrosinase activity in α-MSH-induced PIG1 cells, along with 
downregulating MC1R and MITF expression. THSWD increased ALB and p-MAPK3/MAPK3 levels and 
decreased IL6 expression in the model cells.
Discussion and conclusion:  THSWD mitigates hyperpigmentation by targeting ALB, IL6, and MAPK3. This 
study paves the way for clinical applications of THSWD as a novel treatment for hyperpigmentation and 
offers new targeted therapeutic strategies.

Introduction

Hyperpigmentation is a prevalent dermatologic condition, refer-
ring to the darkening of normal skin colour due to aberrantly 
high melanin or melanogenesis synthesis in skin melanocytes 
(Kumari et  al. 2018; Giménez García and Carrasco Molina 2019). 
There are multiple causes of hyperpigmentation, such as inflam-
mation, infection, pregnancy, hormonal factors, and aging (Xing 
et  al. 2022). Post-inflammatory hyperpigmentation, melasma, 
solar lentigines, ephelides, and café au lait macules are represen-
tative hyperpigmentation conditions (Plensdorf et  al. 2017). 
Hyperpigmentation can significantly affect self-esteem and qual-
ity of life, which has been one of the most universal reasons for 
patients of colour to seek dermatologic treatment (Wenner and 
Ramberg 2022). Hydroquinone-containing cream has been 
regarded as standard therapy for hyperpigmentation, and laser 
toning and chemical peels are alternative therapies (Yoo 2022). 
Unfortunately, these treatments have some deficiencies and 
adverse effects. It takes long time to show results, and patient 

compliance is poor (Nautiyal and Wairkar 2021). Therefore, 
more effective and safer therapeutic strategies for hyperpigmen-
tation are required.

Traditional Chinese medicine (TCM) has long been applied to 
treat various diseases. Traditional Chinese herbs with skin whit-
ening function, recorded in Ben-Cao-Gang-Mu, are widely used 
in China and have been shown to exert an anti-melanogenesis 
effect (Guo et  al. 2021). For example, Atractylodis Rhizoma Alba 
extract inhibits melanin production by decreasing the expression 
of melanogenic enzymes (Chang et  al. 2007). Furthermore, some 
TCM ingredients, such as salicylic acid (Liu et  al. 2021) and 
mulberrosides (Liu et  al. 2022), have exhibited their potential to 
mitigate hyperpigmentation disorders.

Tao-Hong Si-Wu decoction (THSWD) is a well-established 
TCM formula comprising Persicae Semen, Carthami Flos, 
Angelicae Sinensis Radix, Paeoniae Radix Alba, Chuanxiong 
Rhizoma, and Rehmanniae Radix Praeparata (Pan et  al. 2022; 
Tang et  al. 2022). Within this formula, Persicae Semen and 
Carthami Flos are recognized for their roles in facilitating blood 
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circulation and eliminating blood stasis. Angelicae Sinensis Radix, 
Paeoniae Radix Alba, Chuanxiong Rhizoma, and Rehmanniae 
Radix Praeparata are known to tonify qi and nourish blood 
according to the Chinese Pharmacopoeia (2020 edition). Recent 
pharmacological studies have highlighted the various activities of 
THSWD, including its anti-inflammatory (Wang et  al. 2021), 
antioxidant (Xia et  al. 2021), anti-tumour (Jiang et  al. 2021), and 
anti-aging properties (Li et  al. 2022). Given the emerging under-
standing of inflammation’s role in melanogenesis, TCM treat-
ments with strong anti-inflammatory effects, such as THSWD, 
are gaining attention as potential therapies for hyperpigmentation 
(Ding et  al. 2020; Zhao et  al. 2022; Luo et  al. 2023). Studies have 
demonstrated the efficacy of THSWD in suppressing inflamma-
tion in skin scar tissues (Zhou et  al. 2018; Zhang et  al. 2023). 
Additionally, a recent study has shown that Paeoniae Radix Alba, 
a component of THSWD, can reduce pigmentation in synergy 
with four other TCM drugs (Guo et  al. 2021). However, the spe-
cific effects of THSWD on hyperpigmentation have yet to be 
reported, indicating a significant area for future research.

Network pharmacology, an innovative approach, elucidates the 
molecular mechanisms of drugs treating various disorders 
through an interaction network that involves multiple genes, tar-
gets, and pathways (Li et  al. 2022; Yang et  al. 2022). This method 
has provided significant information and scientific reference for 
discovering TCM treatments (Zhu et  al. 2022). In addition, 
Mendelian randomization (MR), a robust approach that uses sin-
gle nucleotide polymorphisms (SNPs) as instrumental variables 
(IVs), has recently gained prominence. MR evaluates the causal 
relationships between exposure factors and outcomes (Khasawneh 
et  al. 2022). Another key tool, molecular docking, widely used in 
drug discovery, estimates the binding structures of small mole-
cule ligands to their appropriate target binding sites (Dong et  al. 
2018; Pinzi and Rastelli 2019).

This study uses network pharmacology to comprehensively 
explore the underlying mechanisms of THSWD against broadly 
defined hyperpigmentation rather than focusing on a specific 
form of this condition. MR analysis was conducted to identify 
the main therapeutic targets. Additionally, molecular docking 
and in vitro experiments were executed to verify the key targets 
and therapeutic effects of THSWD on hyperpigmentation. For 
the first time, this study uses integrated analyses to uncover the 
potential mechanisms through which THSWD treats hyperpig-
mentation, thus addressing a significant research gap in TCM 
drugs for this condition. The design and methodology of this 
study are illustrated in Figure 1.

Materials and methods

Screening of active ingredients of THSWD and related 
targets

To identify the active ingredients of THSWD, we utilized three 
primary databases: Herbal Ingredients′ Targets (HIT; version 2.0, 
http://hit2.badd-cao.net) (Yan et  al. 2022), Traditional Chinese 
Medicine Systems Pharmacology (TCMSP, http://tcmspw.com/
tcmsp.php) (Ru et  al. 2014), and Traditional Chinese Medicine 
Integrated Database (TCMID; version 2.0, http://www.megabionet.
org/tcmid/) (Huang et  al. 2018). The retrieved active ingredients 
were then normalized using the PubChem database (https://
pubchem.ncbi.nlm.nih.gov/) (Kim et  al. 2021). To ensure accu-
racy, duplicates were removed from the dataset.

Accurate assessment of absorption, distribution, metabolism, 
and excretion (ADME) properties is crucial in the discovery of 
effective drugs (Kumar et  al. 2021). The quantitative estimate of 

drug-likeness (QED) method was applied to evaluate the ADME 
properties, setting the threshold at 0.2 (Bickerton et  al. 2012; 
Yang et  al. 2018). The targets for the active ingredients were 
identified using the HIT database, based on their PubChem IDs. 
Only targets corresponding to Homo sapiens species were 
selected. Active ingredients without target information were 
excluded. Standardization of target names was conducted using 
the UniProt database (https://www.uniprot.org/) (Lussi et al. 2023).

Screening of hyperpigmentation-related targets

Hyperpigmentation targets were retrieved from GeneCards (ver-
sion 3.0; https://www.genecards.org/) (Safran et  al. 2010) and 
DisGeNET (version 7.0, http://www.disgenet.org/) (Pinero et  al. 
2020) databases using the keyword ‘hyperpigmentation’. The spe-
cies was limited to Homo sapiens. The duplicate targets were 
eliminated, and the names were standardized using the UniProt 
database.

Acquisition of THSWD-hyperpigmentation overlapping 
targets

THSWD-associated and hyperpigmentation-associated targets 
were entered into VennDiagram (version 1.7.3, http://bioinfogp.
cnb.csic.es/tools/venny/index.html) (Chen and Boutros 2011) to 
generate overlapping target set that was used for subsequent 
analyses. The THSWD-active ingredient-target network was con-
structed by running Cytoscape (version 3.7.1; https://cytoscape.
org/download.html) (Legeay et  al. 2020).

Gene ontology (GO) and Kyoto encyclopedia of genes and 
genomes (KEGG) pathway enrichment analyses

GO and KEGG pathway enrichment analyses were performed 
using the clusterProfiler package (version 4.4.2, https://
bioconductor.org/packages/release/clusterProfiler.html) (Yu et  al. 
2012) with the species limited to Homo sapiens. GO analysis 
consisted of the biological process (BP), cellular component 
(CC), and molecular function (MF). The KEGG pathways were 
classified into six types: environmental information processing, 
human diseases, organismal systems, cellular processes, metabo-
lism, and others. The following hypergeometric distribution 
model was used to determine whether the target gene set is sig-
nificantly correlated with specific GO terms and pathways.
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where n represents the total number of genes, m denotes the 
number of genes annotated in either GO or KEGG terms, n 
refers to the number of target genes, and k indicates the number 
of target genes. p < 0.01 indicates a significant GO or KEGG term 
(Yang et  al. 2018).

Establishment of protein-protein interaction (PPI)

The PPI network was constructed by entering the THSWD 
hyperpigmentation overlapping targets into the Search Tool for 
the Retrieval of Interacting Genes/Proteins (STRING; https://
string-db.org/) (Szklarczyk et  al. 2021) and visualized using 
Cytoscape. The parameters of the applied PPI network were as 

http://hit2.badd-cao.net
http://tcmspw.com/tcmsp.php
http://tcmspw.com/tcmsp.php
http://www.megabionet.org/tcmid/
http://www.megabionet.org/tcmid/
https://pubchem.ncbi.nlm.nih.gov/
https://pubchem.ncbi.nlm.nih.gov/
https://www.uniprot.org/
https://www.genecards.org/
http://www.disgenet.org/
http://bioinfogp.cnb.csic.es/tools/venny/index.html
http://bioinfogp.cnb.csic.es/tools/venny/index.html
https://cytoscape.org/download.html
https://cytoscape.org/download.html
https://bioconductor.org/packages/release/clusterProfiler.html
https://bioconductor.org/packages/release/clusterProfiler.html
https://string-db.org/
https://string-db.org/


298 J. CHEN AND W. YE

follows: species, Homo sapiens; confidence score, more than 0.4; 
network type, full STRING network (default); size cut-off, no 
more than ten interactors (default). In addition, the top 20 hub 
targets were selected using the maximum neighborhood compo-
nent (MNC), maximal clique centrality (MCC), and edge perco-
lated component (EPC) algorithms of cytoHubba (version 0.1) 
(Chin et  al. 2014), respectively. The above three algorithms effec-
tively select hub genes from a PPI network (Chin et  al. 2014). 
Intersecting the results of the three algorithms can enhance hub 
genes’ reliability (Ma Z et  al. 2021). The hub target networks 
were visualized using Cytoscape. The overlapping hub targets 
based on MNC, MCC, and EPC methods were identified using 
VennDiagram and used for molecular docking.

Construction of a THSWD-active ingredient-hub target-
pathway network and screening of core active ingredients

The THSWD-active ingredient-hub target-pathway network was 
constructed using Cytoscape software. Common methods such as 
radiality, degree, closeness centrality, and betweenness centrality 

algorithms were employed to identify the hub nodes within this 
topological network (Chin et  al. 2014). The top five active com-
pounds were selected from the THSWD network using these 
four algorithms in Cytoscape. Subsequently, the UpSetR package 
(Conway et  al. 2017) in the R software was used to intersect the 
top five active compounds identified by each method. This inter-
section approach was adopted to enhance the robustness of our 
findings. Active compounds consistently identified in all four 
methods were considered the most significant compounds of 
THSWD in treating hyperpigmentation.

MR analysis

Mendelian randomization is a causal inference method based on 
genetic variation. It uses genotypes as instrumental variables to 
reveal the causal relationship between a specific phenotype and a 
disease (Chen et  al. 2022). As genetic variants are randomly dis-
tributed at conception, MR estimates are not influenced by con-
founding factors between exposure and outcome, reverse causation, 
or measurement errors (Carter et  al. 2021). In this study, MR 

Figure 1.  Workflow of the network pharmacology-based study, designed to investigate the anti-hyperpigmentation mechanisms of THSWD. THSWD, Tao-Hong-Si-Wu 
decoction.
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analysis was conducted using the TwoSampleMR package (Lu 
et  al. 2021) in R software (version 4.2.2). SNP data were sourced 
from the Genome-Wide Association Study (GWAS) database 
(https://gwas.mrcieu.ac.uk/) (Lyon et  al. 2021). The inverse vari-
ance weighted (IVW) method was used to assess the causal rela-
tionship between key target genes and the risk of hyperpigmentation. 
Additionally, a sensitivity analysis was performed using the 
MR-Egger method (Burgess and Thompson 2017) to ensure the 
robustness of our findings. p < 0.05 indicates a significant causal 
link between a target gene and hyperpigmentation.

Molecular docking

Molecular docking was conducted to elucidate the interactions 
between specific hub target proteins and key active compounds. 
Crystal structures of these hub target proteins were obtained 
from the RCSB Protein Data Bank (PDB) (http://www.pdb.org/) 
(Goodsell et  al. 2020). Using PyMOL and AutoDock (version 
1.5.6), several preparatory steps were performed, including the 
removal of water molecules, isolation of the original ligand from 
the receptor, hydrogenation, repair of broken chains, and calcu-
lation of protein charge (Seeliger and de Groot 2010). The struc-
tures of the core active compounds were retrieved from ZINC 
(https://zinc.docking.org/) (Huang et  al. 2021) and saved in the 
MOL2 format. Subsequently, Open Babel GUI software was used 
to convert all structural files into PDBQT format. The molecular 
docking process was then carried out using AutoDock1.5.6, and 
the results were analysed using PyMOL. Generally, a binding 
energy < −5.0 kcal/mol indicates a sound docking affinity, while 
a binding energy < −7.0 kcal/mol suggests a strong docking affin-
ity (Feng et  al. 2021). Docking pairs that met both criteria of 
having a binding energy of < − 5.0 kcal/mol and forming hydro-
gen bonds were considered to exhibit effective docking and were 
selected for further analysis.

High-performance liquid chromatography (HPLC) analysis

THSWD was purchased from Beijing Tongrentang, China, and its 
composition included 15 g of Persicae Semen, 15 g of Carthami Flos, 
10 g of Angelicae Sinensis Radix, 10 g of Paeoniae Radix Alba, 10 g 
of Chuanxiong Rhizoma, and 10 g Rehmanniae Radix Praeparata. 
For analysis, 1.2169 g of THSWD powder was accurately weighed 
and then mixed with 50 mL of 90% ethanol (#10009218, Sinopharm, 
Beijing, China). This mixture underwent a 30-min ultrasound 
treatment and was subsequently cooled. The resulting supernatant 
was filtered through a 0.45-µm filter membrane for HPLC analysis. 
For the standard solution preparation, three control substances, 
quercetin (#B20527, Shanghai Yuanye Bio-Technology, China), api-
genin (#B20981, Shanghai Yuanye Bio-Technology), and luteolin 
(#B20888, Shanghai Yuanye Bio-Technology), were precisely 
weighed and dissolved in methanol. This process yielded three con-
centrations of standard working solution (135.4 μg/mL, 137.8 μg/
mL, and 138.5 μg/mL), which were also filtered through a 0.45-µm 
filter membrane. Quercetin (HPLC ≥ 98%; #B20527), apigenin 
(HPLC ≥ 98%; #B20981), and luteolin (HPLC ≥ 98%; #B20888) 
were supplied by Shanghai Yuanye, China.

HPLC analysis was performed on the 1260 Infinity II liquid 
chromatograph system (Angilent, Palo Alto, California, USA). A 
ChromCore C18-AC chromatographic column (5 μm, 4.6 mm × 
250 mm; S009-050018-04625S, NanoChrom, Suzhou, China) was 
applied. The mobile phase consisted of methanol (A, #400642691, 
Sinopharm, Beijing, China) and 0.1% phosphoric acid (B, 
#2111201, Xilong Scientific, Shenzhen, China). The gradient 

elution procedure is shown in Table 1. The flow rate was set at 
0.3 mL/min, the column temperature was 30 °C, and the detec-
tion wavelength was 270 nm, with an injection volume of 5 μL.

Experimental animals and preparation of serum THSWD

Twenty pathogen-free male Sprague-Dawley (SD) rats, 8 weeks 
and weighing approximately 200 ± 20 g, were procured from the 
Experimental Animal Center of Xiamen University, Xiamen, 
China. These rats were housed in cages under controlled environ-
mental conditions: a temperature maintained at 21-23 °C, a rela-
tive humidity of 44-55%, and a 12 h light/dark cycle. They had ad 
libitum access to food and water. Following a one-week acclima-
tization period, rats were randomly divided into two groups: a 
blank group (n = 10) and a THSWD-treated group (n = 10).

Rats in the THSWD-treated group received 6 mL/kg of 
THSWD solution orally by gavage every 12 h for three consecu-
tive days. In contrast, rats in the blank group were administered 
an equivalent volume of normal saline following the same sched-
ule. One hour after the last gavage treatment, blood samples 
were collected from the abdominal aorta. All rats were eutha-
nized using a 150 mg/kg dose of pentobarbital administered 
intraperitoneally. The blood samples collected were centrifuged at 
3000 rpm for 20 min at 4 °C to separate the serum. This serum 
was inactivated in a 56 °C water bath for 30 min and filtered 
through a 0.22-µm membrane to remove bacteria. Finally, the 
serum was stored at −80 °C for future analysis.

All animal experiments complied with the Guide for the Care 
and Use of Laboratory Animals and were approved by the Animal 
Ethics Committee of Xiamen University (XMULAC20230175-2).

Cell culture, cell counting kit-8 (CCK-8) assay, and 
treatments

A human normal melanocyte cell line, PIG1 cells (CVCL_S410), 
was purchased from Shanghai Tongwei Biotechnology Co., Ltd, 
China (#TW34898). PIG1 cells were cultured in Dulbecco’s modi-
fied Eagle medium (DMEM, #C11885500BT, Gibco, NY, USA) con-
taining 10% fetal bovine serum (FBS, #34080619, Ephraim, Xiamen, 
China) and 1% penicillin-streptomycin at 37 °C with 5% CO2.

CCK-8 assay was used to investigate and determine the 
appropriate concentrations of THSWD treatment for subsequent 
assays. Briefly, PIG1 cells were seeded in 96-well plates at a den-
sity of 2,000 cells per well. The cells were then exposed to gra-
dient concentrations of THSWD (2.5%, 5%, 10%, 15%, 20%, 
30%, 40%, and 50%). Following a 24-h incubation at 37 °C with 
5% CO2, cells were treated with 10 µL of CCK-8 solution 
(#C0037, Beyotime, Shanghai, China) for 2 h. Subsequently, cell 
viability was evaluated using a microplate reader (DR-3518G, 
Hiwell Diatek, Wuxi, China). Furthermore, the 50% cytotoxicity 
concentration (CC50), representing the drug concentration that 
reduced cell viability by 50%, was determined using GraphPad 
Prism 7.0 (GraphPad, San Diego, CA, USA).

Table 1. T he Gradient elution procedure for HPLC.

Time (min)
Mobile phase A  

(methanol)
Mobile phase B

(0.1% phosphoric acid)

0 3 97
5 3 97
35 33 67
40 37 63
45 46 54
65 90 10

https://gwas.mrcieu.ac.uk/
http://www.pdb.org/
https://zinc.docking.org/


300 J. CHEN AND W. YE

As previously described (Liu et  al. 2022), PIG1 cells were 
treated with α-MSH (100 nM; #CLP0120, Solarbio, Beijing, 
China) for 24 h to induce an in vitro model of hyperpigmenta-
tion. The model cells were then subjected to THSWD serum 
treatments at the selected appropriate concentrations for 48 h. 
The applied THSWD concentrations conformed to the previous 
study (Shi et  al. 2023). Cells treated with the rat serum from the 
blank group served as control cells.

Melanin content assessment

The melanin content of PIG1 cells was assessed following the 
previously established protocol (Zhou and Sakamoto 2020). 
Briefly, PIG1 cells were seeded in a 6-well plate and harvested by 
trypsinization (trypsin, #T1300, Solarbio, Beijing, China). The 
supernatant was discarded after centrifugation at 1000 × g for 
5 min. The cells were then lysed by adding 400 μL of NaOH solu-
tion (1 mol/L, #S5881, Sigma-Aldrich, MO, USA; containing 10% 
dimethyl sulfoxide) and heated in a metal bath at 70 °C for 1 h. 
Finally, the optical density (OD) was assessed at 490 nm on a 
microplate reader (DR-3518G, Hiwell Diatek, Wuxui, China).

Tyrosinase activity assessment

Tyrosinase activity was determined by assessing the levodopa 
(L-DOPA) oxidation rate. Briefly, PIG1 cells were seeded in a 
6-well plate and collected by trypsinization. After centrifugation 
at 1000 × g for 5 min, the supernatant was removed for later use. 
Cells were lysed using 1% Triton X-100 solution (200 μL, #T8200, 
Solarbio) and stored at −80 °C for 30 min. The mixture was 
thawed at 37 °C and centrifuged at 3,000 × g for 30 min. 
Subsequently, 50 μL supernatant was seeded in a 96-well plate, 
and each well was added with 10 μL L-DOPA (#ID0360, Solarbio), 
followed by a 20 min incubation at 37 °C.

Western blotting

The total protein was separated from PIG1 cells using radioimmuno- 
precipitation assay (RIPA) lysis buffer (#P0013B, Beyotime, 
Shanghai, China) with phenylmethylsulfonyl fluoride (PMSF) 
protease inhibitor (#ST506, Beyotime), and the protein concen-
tration was quantified using a bicinchoninic acid (BCA) kit 
(#P0010S, Beyotime). Proteins (25 µg/lane) were separated by 
10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE; #P0015A, Beyotime) and transferred to polyvi-
nylidene difluoride membranes (PVDF; #FFP24, Beyotime). The 
membranes were sealed with 5% nonfat milk (#P0216-300 g, 
Beyotime) for 1 h. The membranes were incubated overnight 
with primary antibodies at 4 °C and with goat anti-rabbit IgG 
H&L (HRP) secondary antibody (1: 2,000; #ab205718, Abcam, 
Cambridge, UK) for 1 h. Finally, an enhanced chemiluminescence 

(ECL) kit (#P1000, Pierce, Rockford, IL, USA) was used to visu-
alize the membranes. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) served as a protein loading control. The primary and 
secondary antibodies used in Western blotting are presented in 
Table 2.

Statistical analysis

Statistical data analysis was conducted using GraphPad Prism 
version 7.0 (GraphPad Software). All data are presented as 
mean  ±  standard deviation. Tukey’s post hoc test was used fol-
lowing a one-way analysis of variance (ANOVA) to determine 
the differences between the groups. p < 0.05 was considered sta-
tistically significant.

Results

Acquisition of THSWD-hyperpigmentation overlapping 
targets

After normalization using the PubChem database, 625 active 
ingredients of THSWD were identified in the HIT, TCMSP, and 
TCMID databases. Of these, 581 active ingredients met the 
screening criterion of having a QED score greater than 0.2 (Table 
S1). Subsequently, 733 targets associated with 153 active ingredi-
ents were collated, following the exclusion of ingredients lacking 
target information. Additionally, 3,111 hyperpigmentation-related 
targets were obtained from the GeneCards and DisGeNET data-
bases. Ultimately, 323 overlap targets between THSWD and 
hyperpigmentation were identified using VennDiagram software, 
as illustrated in Figure 2(A). The network mapping THSWD-active 
ingredients to their corresponding targets is shown in Figure 2(B).

GO and KEGG pathway enrichment analyses

To elucidate the biological functions and pathways associated 
with the 323 potential targets, GO and KEGG pathway enrich-
ment analyses were performed. GO analysis revealed that these 
targets were involved in 2,522 BP terms, 156 CC terms, and 52 
MF terms (p < 0.01, Table S2). Subsequently, the top five enriched 
GO terms were selected from each of the BP, CC, and MF cat-
egories. These targets were predominantly associated with bio-
logical processes such as ‘response to peptide’ (GO: 1901652; 
count = 73) and ‘response to lipopolysaccharide’ (GO: 0032496; 
count = 61), cellular components such as ‘vesicle lumen’ (GO: 
0031983; count = 36) and ‘cytoplasmic vesicle lumen’ (GO: 
0060205; count = 35), and molecular functions including ‘recep-
tor ligand activity’ (GO: 0048018; count = 57) and ‘signalling 
receptor activator activity’ (GO: 0030546; count = 57), among 
others. These findings are presented in Figure 3 and Table 3.

The KEGG pathway analysis identified 167 enriched path-
ways, which were categorized into various groups: 25 pathways 

Table 2.  Primary and secondary antibodies used in Western blotting.

Name Species UniProt ID Dilution RRID number Catalogue number Supplier

ALB Antibody Rabbit P02768 1:1000 AB_2838359 DF6396 Affinity
IL6 Antibody Rabbit P05231 1:1000 AB_2838055 DF6087 Affinity
MAPK3 Antibody Rabbit P27361/P28482 1:1000 AB_2833336 AF0155 Affinity
p-MAPK3 Antibody Rabbit P27361/P28482 1:1000 AB_2834432 AF1015 Affinity
MITF Antibody Rabbit O75030 1:1000 AB_2834960 AF6027 Affinity
MC1R Antibody Rabbit Q01726 1:1000 AB_2837351 DF4992 Affinity
GAPDH Antibody Rabbit P04406 1:1000 AB_561053 2118 CST
Goat Anti-Rabbit IgG H&L (HRP) Goat N/A 1:2000 AB_2819160 ab205718 Abcam

https://doi.org/10.1080/13880209.2024.2330609
https://doi.org/10.1080/13880209.2024.2330609
https://doi.org/10.1080/13880209.2024.2330609
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were related to environmental information processing (Figure 
4(A)), 65 pathways to human diseases (Figure 4(B)), 49 pathways 
to organismal systems (Figure 4(C)), 12 pathways to cellular pro-
cesses (Figure 5(A)), four pathways to metabolism (Figure 5(B)), 
and 12 pathways to other categories (Figure 5(C)), all with a 

p-value < 0.01. The analysis highlighted that the potential targets 
were predominantly involved in key pathways, particularly the 
PI3K-Akt signaling pathway (hsa04151; count = 68) and the 
MAPK signalling pathway (hsa04010; count = 47). Details of all 
enriched pathways are presented in Table S3.

Figure 2.  Venn diagram of the THSWD-hyperpigmentation overlapping targets (A) and the THSWD-active ingredient-target network, constructed by cytoscape (B). 
THSWD, Tao-Hong-Si-Wu decoction.

https://doi.org/10.1080/13880209.2024.2330609
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PPI network analysis of overlapping targets and THSWD-
active ingredient-hub target-pathway network construction

To establish a PPI network, the 323 overlapping targets were placed 
into the STRING database. The resulting PPI network consisted of 

330 nodes, representing proteins with a degree of one or higher, and 
10,371 edges, signifying interactions with a score greater than 0.4 
(Figure 6(A)). Subsequently, the MNC (Figure 6(B)), MCC (Figure 
6(C)), and EPC (Figure 6(D)) methods of cytoHubba were used to 
identify the top 20 targets within the PPI network. This analysis led 
to the identification of 11 overlapping targets, which were considered 
as the hub targets (Figure 7(A)). The key targets included albumin 
(ALB), interleukin 6 (IL6), vascular endothelial growth factor A 
(VEGF-A), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
signal transducer and activator of transcription 3 (STAT3), AKT ser-
ine/threonine kinase 1 (AKT1), insulin (INS), tumour necrosis factor 
(TNF), interleukin 1 beta (IL1B), epidermal growth factor (EGF), 
and mitogen-activated protein kinase 3 (MAPK3), as detailed in 
Table 4.

The THSWD-active ingredient-hub target-pathway network 
analysis revealed that THSWD primarily influences these hub 
targets through pathways such as the Ras and Rap1 signalling 
pathways (Figure 7(B)). Additionally, the top five active ingredi-
ents within this network were identified using the radiality, 
degree, closeness centrality, and betweenness centrality methods 
in Cytoscape. This process resulted in the identification of three 
overlapping active ingredients: quercetin, apigenin, and luteolin 
(Figure 7(C)). Consequently, quercetin, apigenin, and luteolin 
were recognized as key active ingredients in THSWD to combat 
hyperpigmentation and selected for further analysis.

Figure 3. H istogram of 15 vitally enriched GO terms, including the top 5 BPs, CCs, and MFs. GO analysis was conducted using clusterProfifiler. P value < 0.01. GO: 
gene ontology; BP: biological process; CC: cellular component; MF: molecular function.

Table 3. T op 5 enriched BP, CC, and MF terms in GO enrichment analysis.

ONTOLOGY ID Description p value Count

BP GO:1901652 response to peptide 2.02E-47 73
BP GO:0032496 response to lipopolysaccharide 5.25E-45 61
BP GO:0002237 response to molecule of bacterial 

origin
2.36E-43 61

BP GO:0009410 response to xenobiotic stimulus 1.38E-41 63
BP GO:0009991 response to extracellular stimulus 1.62E-38 64
CC GO:0031983 vesicle lumen 1.61E-19 36
CC GO:0060205 cytoplasmic vesicle lumen 1.08E-18 35
CC GO:0045121 membrane raft 9.40E-18 34
CC GO:0098857 membrane microdomain 1.03E-17 34
CC GO:0034774 secretory granule lumen 4.95E-17 33
MF GO:0048018 receptor ligand activity 1.44E-30 57
MF GO:0030546 signaling receptor activator activity 3.07E-30 57
MF GO:0140297 DNA-binding transcription factor 

binding
1.13E-20 45

MF GO:0061629 RNA polymerase II-specific DNA- 
binding transcription factor 
binding

1.57E-19 38

MF GO:0005125 cytokine activity 1.81E-19 32
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MR analysis

Through Mendelian randomization analysis, we identified three 
targets, ALB, IL6, and MAPK3, that showed a significant associ-
ation with the risk of hyperpigmentation (Figure 8(A,B)). Applying 

the IVW method, ALB (95% confidence interval [CI]: 0.573–
1.047) with an odds ratio (OR) of 0.774, IL6 (95% CI: 0.507–
0.907) with an OR of 0.678, and MAPK3 (95% CI: 1.041–1.269) 
with an OR of 1.149 were all significantly associated with hyper-
pigmentation risk (Figure 8(C)). The funnel plots demonstrated a 

Figure 4.  Bubble diagrams of the enriched KEGG pathways, including 25 terms belonging to environmental information processing (a), 65 to human diseases (B), 
and 49 to organismal systems (C). KEGG analysis was conducted using clusterProfifiler. P value < 0.01. KEGG: Kyoto encyclopedia of genes and genomes.
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roughly symmetrical distribution, indicating consistency in the 
causal effects (Figure 8(C)). Consequently, ALB, IL6, and MAPK3 
were established as the primary anti-hyperpigmentation targets of 
THSWD for subsequent analyses.

Molecular docking verification

To verify the reliability of the identified potential targets for THSWD 
in treating hyperpigmentation, molecular docking was performed 
between the core active ingredients and the hub targets. The three 

Figure 5.  Bubble diagrams of the enriched KEGG pathways, including 12 terms belonging to cellular processes (a), 4 to metabolism (B), and 12 to others (C). KEGG 
analysis was conducted using clusterProfifiler. P value < 0.01. KEGG: Kyoto encyclopedia of genes and genomes.
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primary active ingredients, quercetin, apigenin, and luteolin, were 
docked with the three key targets: ALB, IL6, and MAPK3. The 
results showed that quercetin exhibited a strong binding affinity with 
ALB (binding energy = −7.8 kcal/mol), IL6 (binding energy = −7.1 kcal/

mol), and MAPK3 (binding energy = −9.2 kcal/mol) (Figure 9(A–C) 
and Table 5). Apigenin showed favourable binding interactions with  
IL6 (binding energy = −6.8 kcal/mol) and MAPK3 (binding energy =  
−9.2 kcal/mol) (Figure 9(D–E) and Table 5). Luteolin showed a 

Figure 6.  PPI network analysis of THSWD-hyperpigmentation overlapping targets. (A) PPI network, built by STRING database and visualized by cytoscape. (B-D) 
Selection of the top 20 hub targets from the PPI network using MNC, MCC, and EPC methods of cytoHubba. PPI: protein-protein interaction; THSWD: Tao-Hong-Si-Wu 
decoction; STRING: Search Tool for the Retrieval of Interacting genes/proteins; MNC: maximum neighborhood component; MCC: maximal clique centrality; EPC: edge 
percolated component.
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significant binding affinity with ALB (binding energy = −9.5 kcal/
mol), IL6 (binding energy = −7.2 kcal/mol), and MAPK3 (binding 
energy = −9.3 kcal/mol) (Figure 9(F–H) and Table 5).

HPLC analysis and in vitro verification

HPLC analysis identified three active ingredients in THSWD: 
quercetin, apigenin, and luteolin (Figure 10(A)). Chromatographic 
peaks corresponding to these ingredients were observed at 

different retention times. Specifically, quercetin was detected at 
53.379 min, luteolin at 54.570 min, and apigenin at 56.893 min 
(Figure 10(A)).

A CCK-8 assay was performed to establish the appropriate 
THSWD treatment concentrations for PIG1 cells. The results 
indicated that concentrations of 2.5%, 5%, 10%, 15%, and 20% 
were suitable, with a half-maximal cytotoxic concentration (CC50) 
of 32.14% (Figure 10(B,C)). Consequently, these five concentra-
tions of THSWD were selected for use in subsequent assays.

Figure 7.  Screening the core targets and active ingredients. Venn diagram of overlapping hub targets based on MNC, MCC, and EPC methods (A), THSWD-active 
ingredient-hub target-pathway network, constructed by cytoscape (B), and overlapping core active ingredients screened by radiality, degree, closeness centrality, and 
betweenness centrality methods using UpSetR package (C). MNC: maximum neighborhood component; MCC: maximal clique centrality; EPC: edge percolated com-
ponent; THSWD: Tao-Hong-Si-Wu decoction.
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To further investigate the anti-hyperpigmentation effect of 
THSWD, an in vitro model was established by treating PIG1 
cells with α-MSH, as per the methodology outlined in a previous 
study (Liu et  al. 2022). Tyrosinase, a key enzyme in melanin syn-
thesis, serves as a direct indicator of melanin production efficacy 
(Zhou and Sakamoto 2020). Our data revealed that both the 
melanin content and the tyrosinase activity increased signifi-
cantly in α-MSH-induced PIG1 cells compared to control cells 
(p < 0.01). This upregulation was markedly reversed after THSWD 
treatment (p < 0.05; Figure 10(D,E)).

Additionally, we examined the expression of two 
hyperpigmentation-related proteins, MC1R and MITF, in PIG1 
cells. MC1R, located on the surface of melanocytes, activates 
a signalling cascade involving MITF, leading to the transcrip-
tion of melanin synthesis genes (Li et  al. 2022). In our study, 
the protein expression levels of MC1R and MITF were signifi-
cantly elevated in α-MSH-induced PIG1 cells compared to 
control cells (p < 0.01), but these increases were mitigated by 
THSWD treatment (p < 0.05; Figure 10(F)).

Furthermore, we assessed the expression levels of three key 
targets, ALB, IL6, and MAPK3, in PIG1 cells to understand the 
specific regulatory effects of THSWD on hyperpigmentation. We 
observed that protein expression levels of ALB and p-MAPK3/
MAPK3 were significantly reduced, while IL6 levels were mark-
edly increased in α-MSH-induced PIG1 cells compared to control 
cells (p < 0.01; Figure 10(G)). However, THSWD treatment 
reversed the α-MSH-induced changes in protein expression levels 
of ALB, IL6, and the p-MAPK3/MAPK3 ratio in PIG1 cells 
(p < 0.05; Figure 10(G)).

Discussion

Hyperpigmentation is a common disorder and a source of cos-
metic concern, potentially causing psychological distress, reduced 
productivity, and decreased quality of life (Boo 2019; Wenner 
and Ramberg 2022). The pathological mechanisms underlying 
hyperpigmentation are complex, with inflammation (Fu et  al. 
2020) and oxidative stress (Xing et  al. 2022) identified as key 
factors influencing melanogenesis and contributing to its patho-
genesis. THSWD is a classic TCM formula renowned for pro-
moting blood circulation and nourishing blood. It exhibits 
various pharmacological activities, notably anti-inflammatory and 
antioxidant properties (Shao et  al. 2022). Recently, Paeoniae 
Radix Alba, a component of THSWD, has been recognized as a 
significant TCM agent against pigmentation (Guo et  al. 2021). 
However, the specific effects of THSWD on hyperpigmentation 
and its underlying mechanisms remain largely unexplored. This 
study aims to elucidate the anti-hyperpigmentation mechanisms 
of THSWD through network pharmacology analysis.

In this study, we identified 581 active ingredients of THSWD 
following ADME screening. Subsequently, 733 targets related to 
THSWD and 3,111 targets associated with hyperpigmentation 
were obtained. From these, 323 overlapping targets between 
THSWD and hyperpigmentation were selected for further analysis.

The pathophysiology of hyperpigmentation is primarily char-
acterized by abnormal melanin overproduction (Kumari et  al. 
2018). The process of melanin production begins when keratino-
cytes release α-MSH, which binds to the MC1R receptor, leading 
to activation of adenylate cyclase and subsequent cAMP synthesis 
(Yun et  al. 2015). This cascade triggers CREB phosphorylation 
and activates the MITF promoter (Yun et  al. 2015). Increased 
MITF expression enhances the expression of tyrosinase, the key 
rate-limiting enzyme in melanin synthesis, thus facilitating mela-
nin production in melanocytes (Sun et  al. 2017; Zhou and 
Sakamoto 2020). Given this mechanism, targeting tyrosinase 
activity to reduce melanogenesis is considered a safe and effec-
tive strategy to treat hyperpigmentation (Mann et  al. 2018).

GO analysis of the 323 candidate targets revealed a significant 
concentration in BPs such as the response to peptide and the 
response to lipopolysaccharide. Peptides are known to play a 
crucial role in melanogenesis (Honisch et  al. 2022). For example, 
glutathione, a notable antioxidant, can inhibit melanin synthesis 
by directly reducing tyrosinase activity, thus offering potential in 
hyperpigmentation treatment (Lu and Tonissen et  al. 2021). 
Furthermore, lipopolysaccharide has been shown to stimulate 
melanin and inflammatory factor production in cells (Ding et  al. 
2020). THSWD has been reported to effectively mitigate inflam-
mation, helping restore damaged skin tissues (Zhou et  al. 2018; 
Zhang et  al. 2023). Additionally, the candidate targets were 
enriched in CCs, such as the vesicle lumen, and MFs, such as 
receptor ligand activity. In the endomembrane system, over 30% 
of protein location in eukaryotic cells occurs within membrane- 
enclosed organelles, and vesicles play a crucial role in the traf-
ficking of membrane proteins (Menasche et  al. 2019). In melano-
genesis, Rab32 and Rab38, key modulators of vesicular trafficking, 
are involved in melanin production (Ambrosio and Di Pietro 
2017). Furthermore, receptor-ligand interactions are significantly 
involved in melanogenesis. For example, the upregulation of 
LXR-α of beauvericin, a nuclear receptor, suggests its potential as 
a hyperpigmentation inhibitor (Lee et  al. 2018). These findings 
suggest that THSWD may exert its therapeutic effects on hyper-
pigmentation primarily by regulating various biological activities, 
including response to peptides and lipopolysaccharides, vesicle 
trafficking, and receptor-ligand interactions.

The KEGG pathway analysis revealed that candidate targets 
are significantly associated with pathways such as PI3K-Akt and 
MAPK signalling. Growing evidence suggests that these path-
ways play a critical role in the onset and progression of hyper-
pigmentation disorders (Nishina et  al. 2018; Chaiprasongsuk and 
Panich 2022). For example, it has been shown that the PI3K-Akt 
axis influences GSK3β phosphorylation at Ser9, which in turn 
inhibits the activity of MITF, a key regulator of tyrosinase gene 
expression, ultimately resulting in reduced melanogenesis in 
melanoma cells (Zhou and Sakamoto 2019). MAPKs, including 
JNK, ERK, and p38 MAPK, are essential signaling molecules in 
melanogenesis regulation (Sun et  al. 2020). A recent study 
showed that activation of the p38 MAPK signalling pathway 
could stimulate melanin production in human epidermal mela-
nocytes (Xu et  al. 2018). NED-180, a synthetic Piper amide 
derivative, was found to suppress MITF phosphorylation by acti-
vating the PI3K/Akt and ERK pathways, thus reducing hyperpig-
mentation in guinea pigs (Hwang et  al. 2016). These insights 

Table 4. T he top 11 hub targets from the PPI network.

Target MNC score MCC score EPC score

ALB 235 1.03E + 46 16.105
IL6 220 1.03E + 46 15.679
VEGFA 194 1.03E + 46 14.121
GAPDH 233 1.03E + 46 15.081
STAT3 186 1.03E + 46 13.346
AKT1 231 1.03E + 46 15.172
INS 215 1.03E + 46 14.554
TNF 222 1.03E + 46 15.361
IL1B 187 1.03E + 46 14.226
EGF 166 1.03E + 46 13.033
MAPK3 176 1.03E + 46 13.528
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suggest that THSWD may effectively counteract hyperpigmenta-
tion primarily by modulating the PI3K-Akt and MAPK signal-
ling pathways, which are crucial in melanogenesis. This 
hypothesis underscores the need for more research to elucidate 
the specific roles of these pathways in the anti-hyperpigmentation 
mechanisms of THSWD.

PPI network analysis identified ALB, IL6, VEGFA, GAPDH, 
STAT3, AKT1, INS, TNF, IL1B, EGF, and MAPK3 as the  
core targets of THSWD in counteracting hyperpigmentation. 
Subsequently, we constructed a THSWD-active ingredient-hub 
target-pathway network, through which quercetin, apigenin, and 
luteolin were determined as the primary active ingredients. This 

Figure 8. M endelian Randomization analysis. Scatter plots demonstrating the causal effects of ALB, IL6, and MAPK3 on the risk of hyperpigmentation (a), Forest plots 
demonstrating the causal effects of ALB, IL6, and MAPK3 each SNP on the risk of hyperpigmentation (B), and funnel plots demonstrating the overall heterogeneity 
of MR estimates for the effects of ALB, IL6, and MAPK3 on hyperpigmentation (C). ALB: albumin; MAPK3: mitogen-activated protein kinase 3; SNP: single nucleotide 
polymorphism; MR: Mendelian randomization.
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identification was achieved by integrating methods such as radi-
ality, degree, closeness centrality, and betweenness centrality. 
Furthermore, HPLC analysis confirmed quercetin, apigenin, and 
luteolin as active ingredients. In particular, the Mendelian ran-
domization analysis revealed a significant association between 
the three hub targets, ALB, IL6, and MAPK3, and the risk of 
hyperpigmentation. Consequently, these primary active ingredi-
ents, quercetin, apigenin, and luteolin, together with the key tar-
gets, ALB, IL6, and MAPK3, were selected for further investigation 
and validation.

Figure 9. M olecular docking modes. Quercetin-ALB (a), quercetin-IL6 (B), quercetin- MAPK3 (C), apigenin-IL6 (D), apigenin-MAPK3 (E), luteolin-ALB (F), luteolin -IL6 
(G), and luteolin-MAPK3 (H). Binding energy < -5 kcal/mol. ALB: albumin; MAPK3: mitogen-activated protein kinase 3.

Table 5. R esults of molecular docking.

Target Pubchem_ID Compound
Binding energy 

(kcal/mol)

ALB CID:5280343 Quercetin −7.8
ALB CID:5280445 Luteolin −9.5
IL6 CID:5280343 Quercetin −7.1
IL6 CID:5280443 Apigenin −6.8
IL6 CID:5280445 Luteolin −7.2
MAPK3 CID:5280343 Quercetin −9.2
MAPK3 CID:5280443 Apigenin −9.2
MAPK3 CID:5280445 Luteolin −9.3
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Molecular docking studies revealed that quercetin, apigenin, 
and luteolin possess favorable binding affinities with ALB, IL6, 
and/or MAPK3. As the most abundant plasma protein, ALB 
plays a vital role in regulating blood plasma colloid osmotic 
pressure and functions as a carrier for various substances, 
including fatty acids, hormones, and drugs (Shi et  al. 2022). IL6, 
a well-known pro-inflammatory cytokine, has been observed to 
upregulate in keratinocytes during ultraviolet radiation-induced 
hyperpigmentation. The involvement of MAPK3 in melanin reg-
ulation in hyperpigmentation is plausible, especially considering 
that targeting the MAPK signaling pathway can inhibit melano-
genesis (Chae et  al. 2017)

Quercetin, luteolin, and apigenin are members of the flavo-
noid family, commonly found in plants, and are known for 
their antioxidant and anti-inflammatory properties (Imran 
et  al. 2019; Wu et  al. 2021; Di Petrillo et  al. 2022). Luteolin 
has been shown to inhibit pro-inflammatory factors such as 
IL-6, TNF-α, and IL1B, thereby reducing skin inflammation 
(Gendrisch et  al. 2021). ALB has been identified as a core tar-
get of luteolin in combating inflammation, and the PI3K-Akt 

and Ras signaling pathways are critical in this context (Huang 
et  al. 2020). Previous research has demonstrated that quercetin 
and luteolin can downregulate IL-6 and other pro-inflammatory 
mediators in macrophages and inhibit melanogenesis in mela-
nocytes (Ma et  al. 2021). Moreover, these flavonoids are known 
to influence tyrosinase activity, impacting auto-oxidation, 
enzymatic oxidation, and melanogenesis (Lu et  al. 2021). 
Recent research has shown that quercetin 3-O-galactoside, a 
derivative of quercetin, can suppress melanogenesis by modu-
lating PKA/MITF signaling and ERK activation, indicating its 
potential as a cosmetic ingredient against hyperpigmentation 
(Karadeniz et  al. 2023).

Intriguingly, in vitro experiments demonstrated the anti- 
hyperpigmentation effects of THSWD. Following THSWD treat-
ment, both melanin content and tyrosinase activity showed a 
marked reduction in the hyperpigmentation cell model. 
Additionally, the expression levels of MC1R and MITF, key reg-
ulators of melanin synthesis (Li et  al. 2022), were significantly 
downregulated after THSWD treatment. Regarding the impact 
on primary targets, THSWD treatment led to increased protein 

Figure 10. H PLC analysis and in vitro verification. Quality control and identification of key active ingredients of THSWD through HPLC analysis (a), determination of 
suitable treatment concentrations of THSWD (B), quantification of the CC50 of THSWD for PIG1 cells (C), assessment of melanin contents (D), assessment of tyrosinase 
activity (E), assessment of the expression of hyperpigmentation-related proteins, MC1R and MITF (F), and assessment of the expression of key targets, ALB, IL6, and 
MAPK3 (G). F-G: Protein expression levels were detected by Western blotting. Initially, the CCK-8 assay was used to investigate and determine the appropriate con-
centrations of THSWD treatment for subsequent assays. PIG1 cells were exposed to prepared serum THSWD (from SD rats) at gradient concentrations (2.5%, 5%, 10%, 
15%, 20%, 30%, 40%, and 50%) for 24 h. PIG1 cells were treated with 100 nM α-MSH for 24 h to induce an in vitro model of hyperpigmentation. The model cells 
were treated with the appropriate concentrations of serum THSWD (2.5%, 5%, 10%, 15%, and 20%) determined for 48 h. All data are shown as mean ± standard 
deviation. *p < 0.05 and **p < 0.01. HPLC: high performance liquid chromatograph; CCK-8: cell counting kit-8; THSWD: Tao-Hong-Si-Wu decoction; CC50: 50% cytotox-
icity concentration; ALB: albumin; MAPK3: mitogen-activated protein kinase 3.
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expression levels of ALB and p-MAPK3/MAPK3, while decreas-
ing protein expression levels of IL6. Previous research has indi-
cated that ALB can protect tissues from inflammatory damage 
(Duran-Güell et  al. 2021), and MAPK3 has been implicated in 
melanin synthesis (Yan et  al. 2023). Moreover, IL6 overexpression 
has been associated with skin hyperpigmentation after intrave-
nous polymyxin B treatment (Mattos et  al. 2017). Collectively, 
these results suggest that the therapeutic efficacy of THSWD 
against hyperpigmentation may be attributed to its regulatory 
effects on ALB, IL6, and MAPK3.

This study has several limitations. First, our findings are 
highly dependent on existing public databases, which may not be 
regularly updated with the latest information. Second, the 
anti-hyperpigmentation effect of THSWD was validated only at 
the in vitro level, lacking in vivo verification. Third, the thera-
peutic potential of THSWD in treating hyperpigmentation has 
not yet been clinically evaluated. To address these gaps, future 
efforts will focus on conducting in vivo studies to further sub-
stantiate the impact of THSWD on the ALB, IL6, and MAPK3 
hub targets. Such studies will contribute to a stronger foundation 
for the development of targeted therapeutic interventions. 
Additionally, it is crucial to extend this research into clinical set-
tings to assess the safety and efficacy of THSWD in diverse 
patient populations. This includes considering variables such as 
dosage, methods of administration, and long-term effects. 
Moreover, exploring the potential synergistic effects of the core 
compounds identified in THSWD, quercetin, apigenin, and lute-
olin, could lead to the optimization of the formula. By pursuing 
these research avenues, we aim to expand the scope of the cur-
rent study, laying the groundwork for subsequent investigations 
and the clinical application of THSWD in the treatment of 
hyperpigmentation.

Conclusions

The present study used a combination of network pharmacology, 
molecular docking, and experimental verification to elucidate the 
mechanisms by which THSWD combats hyperpigmentation. 
Quercetin, apigenin, and luteolin are key compounds in THSWD, 
targeting ALB, IL6, and MAPK3. This research highlighted that 
the anti-hyperpigmentation effects of THSWD are primarily 
driven by anti-oxidative and anti-inflammatory responses. 
Additionally, the PI3K-Akt and MAPK signalling pathways are 
identified as being closely associated with THSWD’s mechanisms 
against hyperpigmentation. This study shows the potential of 
THSWD as a treatment for hyperpigmentation, providing valu-
able information to researchers and clinicians in the quest for 
effective targeted therapies for this condition.
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