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Abstract

Background: Wenqing Yin (WQY) is a classic prescription used to treat skin diseases like
atopic dermatitis (AD) in China, and the aim of this study is to investigate the therapeutic
effects and molecular mechanisms of WQY on AD. Methods: The DNFB-induced mouse
models of AD were established to investigate the therapeutic effects of WQY on AD. The
symptoms of AD in the ears and backs of the mice were assessed, while inflammatory factors
in the ear were quantified using quantitative real-time-polymerase chain reaction (QRT-PCR),
and the percentages of CD4* and CD8" cells in the spleen were analyzed through flow
cytometry. The compounds in WQY were identified using ultra-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) analysis and the key targets and
pathways of WQY to treat AD were predicted by network pharmacology. Subsequently, the
key genes were tested and verified by qRT-PCR, and the potential active components and
target proteins were verified by molecular docking. Results: WQY relieved the AD symptoms
and histopathological injuries in the ear and back skin of mice with AD. Meanwhile, WQY
significantly reduced the levels of inflammatory factors IL-6 and IL-1f in ear tissue, as well as
the ratio of CD4"/CD8" cells in spleen. Additionally, a total of 142 compounds were
identified from the water extract of WQY by UPLC-Orbitrap-MS/MS. 39 key targets related to
AD were screened out by network pharmacology methods. The KEGG analysis indicated that
the effects of WQY were primarily mediated through pathways associated with Toll-like
receptor signaling and T cell receptor signaling. Moreover, the results of gqRT-PCR
demonstrated that WQY significantly reduced the mRNA expressions of IL-4, IL-10, GATA3
and FOXP3, and molecular docking simulation verified that the active components of WQY
had excellent binding abilities with IL-4, IL-10, GATA3 and FOXP3 proteins. Conclusion: The
present study demonstrated that WQY effectively relieved AD symptoms in mice, decreased
the inflammatory factors levels, regulated the balance of CD4" and CD8 cells, and the
mechanism may be associated with the suppression of Th2 and Treg cell immune responses.

Keywords: Wenqing Yin; atopic dermatitis; mouse model; UPLC-Orbitrap-MS/MS; network
pharmacology
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Highlights
Wenging Yin ameliorates AD.
Wengqing Yin regulates Th2 and Treg cells immune response.
13 compounds from Wenging Yin exhibited good binding affinities
with IL-4, IL-10, GATA3 and FOXp3 using molecular docking.

Medical history of objective
Wengqing Yin, a classic formula for treating skin inflammation, is
derived from Gong Tingxian’s “Wanbing Huichun Volume 6” (1522
C.E.). In ancient times, Wenqing Yin was often used to promote
blood circulation and detoxify. In current studies, modern
pharmacological researches have shown that Wenging Yin has
anti-ulcer, anti-inflammation, immune regulation and other
effects.

Background

Atopic dermatitis (AD), commonly referred to as atopic eczema, is a
prevalent hereditary chronic inflammatory skin condition
characterized by pruritus that can manifest on any area of the body.
The symptoms of AD are dry skin, itching, red rashes, skin exudation
of pus, and skin lichenification, and AD seriously reduces the quality
of life of the patients [1, 2]. AD affects a wide range of people with a
global prevalence of 2.2% to 17.6% and involves people of all ages.
The prevalence rates of AD in children aged 0-17 years, adults aged
18-74 years, and elderly over 75 years old are 18.3%, 7.7%, and
11.6%, respectively [3, 4]. AD usually leads to the occurrence of a
series of allergic diseases, up to 60% and 30% of patients with AD will
suffer from allergic rhinitis and food allergy, respectively [5]. At
present, Western medicine predominantly uses moisturizing agents
combined with corticosteroids and calcineurin inhibitors in the
treatment of AD, which is effective. However, prolonged
administration of corticosteroids may result in muscle atrophy and
impaired wound healing. When using calcineurin inhibitors, local
burning sensation and increased susceptibility to the virus are
observed, and limitations in clinical use are present [6]. Therefore,
seeking safe and effective treatments to alleviate AD is still urgent.
Traditional Chinese medicine (TCM) has the characteristics of many
active ingredients, mild effects, and small side effects, which allows us
to find more effective drugs for AD treatment [7]. The TCM-derived
compound Wenging Yin (WQY) is clinically used to treat skin diseases
like AD, and modern pharmacological studies have demonstrated that
WQY  exhibits multiple properties, including anti-ulcer,
anti-inflammation, immunoregulation, and other forth [8]. WQY came
from the “Wanbing Huichun” written by Gong Tingxian in the Ming
Dynasty. WQY is a combination of Siwu Decoction and Huanglian
Jiedu Decoction and also known as Jiedu Siwu Decoction, which
comprises eight components: Angelicae Sinensis Radix (Danggui),
Paeoniae Radix Alba (Baishao), Rehmanniae Radix Praeparata
(Shudihuang), Chuanxiong Rhizoma (Chuanxiong), Coptidis Rhizoma
(Huanglian), Scutellariae Radix (Huanggqin), Phellodendri Chinensis
Cortex (Huangbo), and Gardeniae Fructus (Zhizi). WQY has long been
used to treat metrorrhagia and is now frequently used to treat a range
of skin disorders. Numerous clinical studies have demonstrated that
WQY exhibits a favorable therapeutic effect on AD [9-12].
Nevertheless, additional extensive studies are necessary to investigate
the potential of WQY as a treatment for AD and to uncover the
mechanisms by which it operates.

In this study, we kindly investigated the therapeutic effects of WQY
on AD using a mouse model induced by 2,4-dinitrofluorobenzene
(DNFB). We identified and analyzed the chemical components present
in WQY through UPLC-Orbitrap-MS/MS, and then explored the
molecular mechanisms underlying the action of WQY in treating AD
utilizing network pharmacology. Finally, the key genes were tested
and verified by qRT-PCR, and the potential active components and
target proteins were verified by molecular docking.
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Materials and methods

Animals

Sixty specific pathogen-free (SPF) BALB/c male mice, each aged
between 7 and 8 weeks, weighing between 18 and 22 g, were acquired
from the Laboratory Animal Center of Southern Medical University
(Certificate number SCXK 2016-0041). The mice were acclimatized to
their environment through a one-week adaptive feeding period prior
to the experiment. This study received approval from the
Undergraduate  Laboratory Animal Center of Guangdong
Pharmaceutical University (Approval number gdpulac2021066).

Drug and reagents

DNFB was purchased from Shanghai McLean Biochemical Technology
Co., Ltd. (Shanghai, China). Physiological saline was supplied by
Zhejiang Tianrui Medicine Co., Ltd. (Ruian, China). Dexamethasone
was a product from Shanghai Mao Kang Co., Ltd. (Shanghai, China).
TRIzol reagent was obtained from Invitrogen (Carlsbad, CA, USA).
Prime Script RT reagent Kit and TB Green Premix Ex Taq II were
acquired from TaKaRa (Osaka, Japan).

Huangbo (batch number: YPB0J0002) was purchased from Chinese
Herbal Pieces Factory of Guangzhou Medicinal Materials Company
(Guangzhou, China). Huanglian (batch number: 20200613) and
Chuanxiong (batch number: 20201009) were provided by Kunming
Lanhai Chinese Herbal Medicine Pieces Co., Ltd. (Kunming, China).
Zhizi (batch number: HX20D01) and Danggui (batch number:
HX21MO01) were produced by Guangzhou Hexiang Pharmaceutical Co.,
Ltd. (Guangzhou, China). Huanggin (batch number: 2011022),
Baishao (batch number: 201201), and Shoudihuang (batch number:
201101-13) were sourced from Zhongshan Xianyitang traditional
Chinese medicine (TCM) Pieces Co., Ltd. (Zhongshan, China),
Guangzhou Zhixin Chinese Herbal Medicine Co., Ltd. (Guangzhou,
China), and Guangdong Zihetang Pharmacy Co., Ltd. (Guangzhou,
China), respectively.

Sample preparation

8 herbs of WQY 15 g each were weighed, added 12 times of water to
boil for 30 min, and the filtrate then subjected to a second boiling with
10 times its volume in water for an additional 30 min. Subsequently,
the filtrate was concentrated under reduced pressure to achieve
concentrations of 1.2 g/mL and 0.6 g/mL. About 2.5 mg of
dexamethasone was precisely measured and mixed with 50 mL of
distilled water. After ultrasonic mixing, positive drug was obtained.

Preparation of AD mice model and drug administration

A total of 40 BALB/c mice were divided randomly into blank, model,
positive, low-concentration WQY (WQY-L), and high-concentration
WQY (WQY-H) groups. Under isoflurane anesthesia, the abdomen and
back of mice were depilated at a range of 2 cm X 2 cm. Except the
blank group, the four other groups were sensitized with 30 uL of 0.5%
DNFB solution applied to the abdomen on day 1, and 10 and 50 pL of
0.2% DNFB solution were administered to the right ear and back of
mice, respectively, every other day from day 5 to day 21 for challenge.
From day 5 to day 21, the positive, WQY-L, and WQY-H groups were
given intragastric administration, and blank and model groups were
administered with distilled water once a day with a volume of 0.4
mL/20 g.

Measurement of transcutaneous water loss (TEWL) and skin
hydration

To measure the TEWL and skin hydration in back skin of mice, we
flattened the shaved area on the back of eight mice per group, and
touched the skin for 30 s using CK-MPA10 multifunctional skin tester
(CK, Cologne, Germany). Each mouse underwent three assessments,
and the mean value was calculated.

Evaluation of ear thickness and weight
To evaluate the degree of swelling in the right ear of all mice in each
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group, we measured and quantified and analyzed changes in ear
thickness and weight. Ear thickness of the right ears was assessed
utilizing a thickness gauge (Mitutoyo, Yokohama City, Japan), before
sensitization and 24 h following the last challenge. The Equation (1)
used is as follows:
Increase in Ear Thickness = Thickness of DNFB-Challenged o)
Right Ear — Thickness of Right Ear before Sensitization

A sterile skin punch (Shanghai, China) was utilized to extract
circular tissues with a diameter of 4 mm from the equivalent location
of the left and right ears at 24 h after the final challenge. Additionally,
the extracted tissues were weighed using the following Equation (2):
Increase in Ear Weight = Weight of DNFB-Challenged Right Ear )
— Weight of Unchallenged Left Ear

Histopathological examination

A part of the back skin and right ear of eight mice in each group were
collected for hematoxylin-eosin (HE) staining. Sections were dewaxed
and uniformly stained with aqueous hematoxylin for a few min. Acid
and ammonia were then applied to facilitate color separation.
Subsequently, the sections were dehydrated using 70% and 90%
alcohol for more than 10 min, followed by staining with an alcohol
eosin solution for 2 to 3 min. Finally, a few drops of Canada balsam
were applied to the already transparent sections. After slicing,
histopathological alterations were assessed and documented using a
fluorescence microscope (Olympus, Japan).

RNA Isolation and quantitative real-time-polymerase chain
reaction (QRT-PCR) analysis

50 mg of ear tissue was added with 0.5 mL of cell lysis buffer. In
compliance with the provided instructions, all RNA was extracted
from the ear tissue, and both the concentration and purity of the RNA
were assessed. Results were recorded. After removing the genomic
DNA reaction, instructions were followed to configure the reverse
transcription reaction solution, complete the reverse transcription,
and store at — 20 °C. Then, we referenced literature and the National
Center for Biotechnology Information designed the primer sequences,
and prepared the PCR reaction solution in accordance with the
instructions. After the initial denaturation step at 95 °C for 5 min, the
following thermocycling conditions were employed for the qRT-PCR:
followed by 40 cycles of 95 °C for 10 s, 55 °C for 30 s and 72 °C for 20
s. The primer sequences utilized for QRT-PCR are presented in Table 1.
All mice were tested for IL-1p and IL-6, while the remaining genes
were tested in a random sample of five from each group.

Flow cytometry analysis

Three mice from each group were randomly selected for flow
cytometry analysis. The isolated Smooth Muscle Cells (SMCs) were
cultured in a 24-well plate and subjected to stimulation with a
leukocyte activation cocktail, which comprised phorbol 12-myristate
13-acetate, ionomycin, and brefeldin A. This stimulation was

conducted for a duration of 5 h in a humidified CO, incubator
maintained at 37 °C. To prevent non-specific antibody binding
through Fc receptors during antibody labelling, the cells were
subsequently divided into separate tubes and washed once with PBS,
then being treated with an Fc blocking solution at ambient
temperature for 15 min. The cells were incubated at ambient
temperature for 30 min, protected from light, with fluorescein
isothiocyanate (FITC)- and Brilliant Violet 421 (BV421)-conjugated
anti-mouse CD4 and CD8 antibodies for surface labeling. After that,
the cells were subjected to fixation and permeabilization using an
intracellular fixation and permeabilization solution, then were treated
at ambient temperature for 15 min without exposure to light with
FITC- and allophycocyanin (APC)-labeled anti-mouse CD4 and CD8
antibodies. A FACSCelesta flow cytometer (BD, Franklin Lake, NJ,
USA) was used to identify the labelled cells after washing and
resuspending them in PBS.

Analysis of the ingredients of WQY by UPLC-MS/MS

The extracted solutions were filtered using 0.22 pum nylon filters and
subsequently analyzed via UPLC-Orbitrap-MS/MS (Thermo Fisher
Scientific, Waltham, MA, USA). UPLC-MS/MS was performed on an
ZORBAX RRHD Eclipse Plus C18 column (2.1 X 100 mm, 1.8 pum)
(Agilent, Santa Clara, CA, USA), and the mobile phases of gradient
elution for solvents A (0.1% formic acid-water) and B (0.1% formic
acid-acetonitrile) were configured as follows: 95%-75% B
(0.001-5.000 min), 75%-40% B (5.000-10.000 min), 40%-20% B
(10.000-15.000 min), 20%-10% B (15.000-15.001) and 10% B
(15.001-17.000). The injection amount was set to 1 pL, while the
column was kept at a temperature of 30 °C. The following MS
conditions were utilized: ESI-both (positive and negative) ion mode,
scan Range of 100-800 m/z, RF Lens of 40%, orbital trap resolution of
60,000.

Network pharmacology

Construction and screening of target databases. The UPLC-MS/MS
analysis of the WQY revealed 142 prominent compounds. The “sdf”
files of compounds were obtained from PubChem database
(https://pubchem.ncbi.nlm.nih.gov) and the structures of bioactive
compounds were investigated to identify their targets in the Swiss
Target Prediction database (http://www.swisstargetprediction.ch) [13,
14]. By using “atopic dermatitis” as search term, AD-related targets
were obtained from the DrugBank (https://go.drugbank.com) [15],
GeneCards  (https://www.genecards.org) [16], and OMIM
(https://www.omim.org) databases [17]. The Uniprot database
(https://www.uniprot.org) was used to convert gene names [18]. The
potential targets associated with AD were determined by integrating
information from three databases and eliminating any redundant
entries. Subsequently, the intersection targets were identified utilizing
Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/index.html)
[19].

Table 1 Primer sequences for qRT-PCR

Gene Forward primer (5’-3) Reverse primer (5’-3)

IL-18 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
IFN-y TCAAGTGGCATAGATGTGGAAGAA TGGCTCTGCAGGATTTTCATG
IL-4 ACAGGAGAAGGGACGCCAT GAAGCCCTACAGACGAGCTCA
IL-17 GGCCCTCAGACTACCTCAAC TCTCGACCCTGAAAGTGAAGG
IL-10 GGTTGCCAAGCCTTATCGGA ACCTGCTCCACTGCCTTGCT
T-bet AGCAAGGACGGCGAATGTT GTGGACATATAAGCGGTTCCC
GATA3 AAGCTCAGTATCCGCTGACG GTTTCCGTAGTAGGACGGGAC
RORy CCTGGGCTCCTCGCCTGACC TCTCTCTGCCCTCAGCCTTGCC
FOXP3 CACCTATGCCACCCTTATCCG CATGCGAGTAAACCAATGGTAGA

GAPDH ACCTGCCAAGTATGATGACATCA

GGTCCTCAGTGTAGCCCAAGAT
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https://orcid.org/0000-0003-2014-1559
https://orcid.org/0000-0002-1269-8931
https://pubchem.ncbi.nlm.nih.gov/
https://go.drugbank.com/
https://www.genecards.org/
https://www.uniprot.org/
https://bioinfogp.cnb.csic.es/tools/venny/index.html

ARTICLE

Traditional Medicine Research 2026;11(2):8. https://doi.org/10.53388/TMR20240618002

Acquisition of key targets and construction of protein-protein
interaction (PPI) network. To investigate the PPI of potential targets,
the STRING database (https://cn.string-db.org/) was utilized. The
species type has been designated as “Homo sapiens”, and the
“interaction score” has been established at “0.900” [20]. The “TSV”
file of the PPI network was imported into the Cytoscape 3.7.1 to
construct the interaction network diagram and export the
corresponding data for topological analysis. Using the Cytoscape
plug-in CentiScape, hub node was identified as a key target for AD
treatment by applying three thresholds: the median values of closeness,
betweenness, and degree centrality. Finally, the key targets were
inputted to STRING database to acquire pertinent information
regarding protein interactions [21].

Network construction and analysis. The active compounds, key
targets, and associated diseases were imported into Cytoscape
software to construct a regulatory network diagram titled
“WQY-compounds-targets-disease”.  Additionally, the Network
Analyzer plug-in for Cytoscape was employed to analyze the potential
relationships between the genes and compounds related to WQY.
Kyoto encyclopedia of genes and genomes (KEGG) pathway
enrichment and gene ontology (GO) analysis. The key targets of
WQY for AD were submitted to the Metascape database
(https://Metascape.org) for GO and KEGG pathway enrichment
analysis, with the species type specified as “Homo sapiens” [22]. The
GO enrichment analysis covered three primary categories: GO
molecular functions (MF), GO biological processes (BP), and GO
cellular components (CC). Meanwhile, the KEGG enrichment analysis
provided insights into genomic information associated with the
relevant targets [23]. The findings from both the GO and KEGG
enrichment analyses were illustrated using charts generated on the
Science and Research online plotting platform
(http://www.bioinformatics.com.cn).

Molecular docking analysis

In this study, the potential active components of WQY were selected
for molecular simulation verification with IL-4, IL-10, GATA3, and
FOXP3 proteins. The active compounds were obtained from the
PubChem database and subsequently saved in “mol2” format using
OpenBabel software (http://openbabel.org) [24]. The validated
protein structures of IL-4, IL-10, GATA3, and FOXP3 were retrieved
from the Protein Data Bank (PDB) database (https://www.rcsb.org)
[25], and the binding ability was verified with the above 50
compounds. The higher total score (TS) of molecule-target represents
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the stronger binding ability of the compound to the target, so 13
molecules were selected for more detailed molecular analysis using
Autodock Vina software [26]. Finally, Pymol software
(https://pymol.org) was utilized for visualisation and analysis.

Statistical analysis

SPSS Statistics version 25.0 was used for data analysis. Calculated data
are expressed as mean = SD, and univariate ANOVA test is used for
significance analysis. P < 0.05 was considered to indicate a
statistically significant difference.

Results and analysis

WQY increased the SC hydration and the TEWL, and relieved the
histopathological injuries in back skin of AD mice

Compared to the blank group, SC hydration was significantly reduced
and TEWL was markedly increased in the model group. After
administration, WQY-L and WQY-H groups showed improvements in
back skin keratosis and epidermal thickening, along with a significant
increase in SC hydration and a significant decrease in TEWL compared
to the model group (Figure 1A-1C). Furthermore, in comparison to the
blank group, the epidermis of skin lesions induced by DNFB in mice
exhibited thickening, accompanied by infiltration of inflammatory
cells within the dermis. After treatment with WQY, the pathological
changes were alleviated, and the local thickening induced by DNFB
was significantly reduced in the WQY-H group. Compared to the
model group, the epidermal thickness of WQY-L group was markedly
changed (Figure 1D). The findings suggest that WQY effectively
mitigated inflammatory responses in the skin tissue of mice exhibiting
AD-like symptoms.

WQY reduced the ear thickness and weight, and relieved the
histopathological injuries in ears of AD mice

The increasing in ear thickness and weight were evaluated and
analyzed. Compared with the blank group, the increases in ear
thickness and weight of the model group were significantly increased,
and the stimulated right ear became incrassation and had obvious red
bloodline. After administration, WQY-L and WQY-H groups showed
less redness in the right ear and significantly less increases in ear
thickness and weight than the model group (Figure 2A, 2B).
Meanwhile, WQY reduced pathological damage to skin. As presented
in Figure 2C, compared with blank group, the dermal blood vessels in
the AD mice were dilated and congested, the infiltration of eosinophils

-t

TEWL/g/m?h

Blank Model Positive =~ WQY-L  WQY-H

Z2

: f//,’? 7 ,:f, :
L itz

Figure 1 Effect of WQY in back skin of AD mice. At 24 h after the last challenge, (A) the morphology, (B) stratum corneum (SC) hydration, (C)
TEWL, and (D) the histopathological injuries in the back of AD mice. Scale bar = 50 um. Data are expressed as mean + SD;n = 8; P < 0.05, 'P <
0.01 versus model. WQY, Wengqing Yin; AD, atopic dermatitis; TEWL, transcutaneous water loss.
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increased, and the hair follicle structure was reduced. After WQY
treatment, blood vessels in back of AD mice were significantly
constricted, and the infiltration of eosinophils decreased.

WQY reduced the mRNA expressions of IL-1f and IL-6 in ears of
AD mice

The mRNA expressions of IL-1B and IL-6 in ears of AD mice were
measured by qRT-PCR (Figure 3). Relative to the blank group, the
mRNA expressions of IL-13 and IL-6 in the model group were
significantly upregulated (P < 0.01). In comparison to the model
group, the mRNA expressions of IL-1B and IL-6 in the WQY-L and
WQY-H groups showed a significant reduction (P < 0.05; P < 0.01).

Effect of WQY on the percentages of CD4" and CD8" cells in
spleen of DNFB-induced AD mice

The study explored the spleen T cell subpopulations in all groups of
mice (Figure 4). The findings revealed that the model group had a
substantially elevated CD4*/CD8" ratio when compared to the blank
group. After the drug interventions, the ratios of CD4*/CD8" in
positive, WQY-L, and WQY-H groups were markedly decreased to
1.61%, 2.34%, and 2.10% (P < 0.01; P < 0.05; P < 0.01).

The ingredients in WQY by UPLC-MS/MS

As illustrated in Figure 5, the total ion chromatogram (TIC) was
obtained using the UPLC-Orbitrap-MS/MS system, operating in both
positive mode (A) and negative mode (B). By comparing the results
with known chemical components from relevant databases, a total of
142 compounds present in WQY were tentatively identified. These
included flavonoids, terpenoids, organic acids, and alkaloids. In the
positive ion mode, a total of 78 compounds were identified, whereas
in the negative ion mode, 70 compounds were detected. Furthermore,
a cumulative total of 142 compounds was observed across both ion
modes, with 6 components being detectable in both positive and
negative modes. The detailed information on the 142 identified
ingredients, including their retention time, ion mode, molecular
formula, mass error, and MS/MS fragmentation, were provided in
Supplementary Table S1.

Network pharmacology analysis

Construction and screening of target databases. A total of 142
compounds were successfully identified by UPLC-Orbitrap-MS/MS
analysis through a comparison with data from the databases and
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literature, and 691 active targets of WQY were obtained after merging
and deleting duplicate values by using the Swiss Target Prediction
database. Furthermore, utilizing “atopic dermatitis” as the key term, a
total of 1,649 AD-related targets were retrieved and consolidated from
the databases of DrugBank, GeneCards, and OMIM. By merging the
corresponding targets associated with WQY with those related to AD,
we identified a total of 254 intersection targets (Figure 6A).
Acquisition of key targets and construction of PPI network. The
PPI network serves as a valuable tool for elucidating BP, CC, and MF.
It facilitates the exploration of interactions among target proteins
based on data from the STRING database. The visualization of this
network, utilizing potential targets as inputs, resulted in a PPI network
characterized by diverse interactions. In the subsequent topology
analysis conducted using Cytoscape software, nodes meeting three
specific thresholds were identified as key targets for AD treatment
based on degree (value 7.17), closeness (value 0.09), and betweenness
(value 391.07). A total of 39 key targets were identified, such as
STAT3, MAPK3 and AKT1, among others. The key targets were
incorporated into the STRING database for the construction of the PPI
network (Figure 6B). Due to the intricate nature of the PPI, we
conducted further analysis on the hub genes and developed a hub gene
network. The hub gene network illustrated in Figure 6C proved
instrumental in WQY treatment for AD, with pivotal hub genes such as
CTNNB1, AKT1, BCL2, and ESR1 playing crucial roles.

The potential ingredients of WQY in treating AD. On the basis of
the Cytoscape 3.7.1, we constructed a
WQY-compounds-targets-disease network with 91 nodes and 296
edges (Figure 6D, Supplementary Table S2). The purple “V”, blue
hexagon, green triangle and yellow diamond represented WQY, AD,
compounds, and key targets, respectively. The top 10 compounds with
literature  support were selected, including oxoglaucine,
3,3’,4’-trimethoxyflavone, scutellarein 4’-methyl ether, muricarpone B,
coumestrol, luteolin, kaempferol, 7-O-methylaromadendrin,
dehydroglaucine, and wogonin with degree values of 12, 12, 11, 11,
11, 10, 10, 10, 9, and 8, respectively, indicating that the compounds
had an effective effect in treating AD.

The related pathways of WQY in treating AD. GO and KEGG
enrichment analysis were conducted on 39 key targets to further
explore the mechanisms of WQY in AD treatment. GO and KEGG
enrichment analysis were conducted utilizing the Metascape database.
A total of 1037 items, including 909 BP, 55 CC, and 73 MF items, were
obtained by GO analysis. The top 10 most highly enriched BP, CC, and
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MF terms were presented in accordance with P-value (Figure 6E). The
most enriched terms in BP were response to hormone, response to
inorganic substance, positive regulation of cell migration, cellular
response to organonitrogen compound, among others. The most
enriched CC terms were membrane raft, membrane microdomain,
perinuclear region of cytoplasm, and so forth. MF terms included
phosphatase binding, protein phosphatase binding, kinase binding,
and so forth. A total of 165 KEGG pathways were obtained, and the
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top 20 most significantly enriched pathways were used to draw a
KEGG chart in accordance with P-value (Figure 6F). The KEGG
enrichment analysis revealed that Toll-like receptor signaling pathway,
T cell receptor signaling pathway, Thl and Th2 cell differentiation,
among other pathways, are involved in the treatment of AD with WQY.
This suggests that WQY plays a significant role in managing AD by
modulating multiple complex biological processes.
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Figure 3 The effect of WQY on the mRNA expressions of IL-13 and IL-6 in ear tissue of AD mice. (A) The mRNA expressions of IL-13 and (B)
IL-6. Data are expressed as mean = SD;n = 8; P < 0.05, "P < 0.01 versus model. WQY, Wenqing Yin.
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mean = SD;n = 3; P < 0.05, P < 0.01 versus model. WQY, Wenqing Yin; FSC, forward scatter; SSC, side scatter.
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Figure 5 Chromatogram of WQY by UPLC-Orbitrap-MS/MS. (A) Positive-ion polarity mode and (B) Negative-ion polarity mode.
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Figure 6 The results of network pharmacology analysis. (A) The venn diagram of the intersection targets of WQY and AD, (B) PPI network of
WQY, (C) visual analysis of the PPI network, (D) WQY-compounds-targets-disease network diagram, (E) bubble chart of GO analysis, and (F) bar
chart of KEGG analysis. WQY, Wenqing Yin; AD, atopic dermatitis; KEGG, kyoto encyclopedia of genes and genomes; PPI, protein-protein

interaction.

WQY inhibited Th2 and Treg cells immune response in
DNFB-induced AD mice

Network pharmacological analysis revealed that WQY may be
involved in the pathogenesis of DNFB-induced AD mice through
Toll-like receptor pathway, T-cell receptor pathway, and Thl and Th2
cell differentiation. The objective of this research was to explore the
involvement of T cells in the aforementioned pathways through the
analysis of secreted molecules and transcription factors characteristic
of Th1, Th2, Th17, and Treg cell types. The findings revealed that the
model group exhibited significantly elevated levels of IL-4, IL-10,
GATA3, and FOXP3 mRNA compared to the blank group (P < 0.01)
(Figure 7). Conversely, the WQY-L and WQY-H groups demonstrated
markedly lower levels of IL-4, IL-10, GATA3, and FOXP3 when
compared to the model group (P < 0.01). Importantly, no significant
variations were detected in IFN-y, IL-17, T-bet, or RORy mRNA levels
among the groups. These findings indicate that the mechanism
underlying WQY treatment for AD may be associated with modulating
immune functions related to Th2 and Treg cells within these specified
pathways.

Results of molecular docking

A study was conducted to investigate WQY component interactions
with IL-4, IL-10, GATA3 and FOXP3. It is noteworthy that if the
binding energy is < —5.0 kJ/mol, the compound can bind effectively
to the protein [27]. Docking results revealed that all the docking
molecules had binding energies less than —5.0 kJ/mol (Table 2). The
findings suggested a compelling and resolute binding force. The
binding energy of eriodictyol 7-O-glucuronide, scutellarin, and
wogonoside with proteins was < — 30 kJ/mol, indicating their strong
protein-binding affinity. Furthermore, compound docking patterns
with their respective targets can be observed in Figure 8.

Discussion

WQY, as a classical famous recipe, is now frequently used to treat a
range of skin disorders, such as AD. In this study, WQY demonstrated
the histopathological injuries of the ear and back skin, reduced the ear
swelling and weight, increased the SC hydration and reduced TEWL of
back skin in mice of AD. Furthermore, WQY significantly lowered the
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mRNA expression levels of IL-1 and IL-6 in the ear tissue. IL-1f is a
pivotal inflammatory cytokine that promotes the synthesis of
additional inflammatory factors such as IL-6, activates neutrophils and
phagocytic cells, enhances the production of pro-inflammatory
mediators, thereby contributing to or exacerbating the inflammatory
response [28]. As a Th2 cytokine, IL-6 plays a crucial role in
modulating the body’s inflammatory response and is instrumental in
promoting the abnormal elevation of various inflammatory factors.
Therefore, inhibition of the oversecretion of pro-inflammatory
cytokines IL-6 and IL-1( is a limited approach for the treatment of AD
[29, 30].

The body’s immune function can be determined through the
CD4"/CD8" ratio, which increases with hyper-immunity and
decreases with hypo-immunity [31]. In this study, flow cytometry was
employed to quantify the CD4* and CD8" cell counts in the spleens,
followed by the calculation of the CD4*/CD8" ratios. During the
treatment of AD, the abnormal increase of CD4*/CD8" ratio in AD
mice can be inhibited [32]. WQY was observed to significantly
decrease the ratio of CD4*/CD8" cells in our study, indicating that the
mechanism by which WQY exerts its therapeutic effects in AD may
related to regulate immune dysfunction by correcting the imbalance of
CD4"/CD8", and restore the dynamic balance of cellular immunity.

LC is the preferred separation technology for the analysis of active
ingredients in TCM, which is suitable for the separation of compounds
with different polarities, with high accuracy and good repeatability.
MS/MS is a method for identifying unknown compounds or
quantifying known substances. After the information of the relative
molecular weight of the compound is given by the single-stage mass
spectrometry, the quasi-molecular ion is subjected to multi-stage
cleavage to obtain the ion fragment peak and obtain the ion fragment
information [33]. LC-MS/MS combines the efficient separation ability
of liquid chromatography with the qualitative advantages of mass
spectrometry, which can determine the structure of compounds with
high efficiency and high accuracy. In this study, the chemical
constituents in WQY were characterized for the first time using the
UPLC-Orbitrap-MS/MS  technique wunder the chromatographic
conditions previously established by the group. A total of 142
compounds were subsequently identified in both positive and negative
ion modes through a combination of database comparison and
software prediction analysis.


https://orcid.org/0000-0003-2014-1559
https://orcid.org/0000-0002-1269-8931

ARTICLE
Traditional Medicine Research 2026;11(2):8. https://doi.org/10.53388/TMR20240618002

Table 2 Binding energy of compounds and targets
Binding energy (kJ/mol)

Compound

IL4 IL10 GATA3 FOXP3
(11E,15Z)-9,10,13-Trihydroxy-11,15-octadecadienoic acid —-21.8 —21.8 —-23.4 —22.6
Azelaic acid -21.3 -18.4 -21.3 —-22.2
Corydaline —26.8 -29.3 -31.8 -31.8
Eriodictyol 7-O-Glucuronide -335 -30.5 -37.7 —40.6
Higenamine —-28.0 —-28.0 -31.0 —-31.4
Jasminoside B —-27.2 —24.3 -31.0 —-31.4
Laudanosine -25.1 —-27.6 -27.2 -29.7
Muricarpone B —-21.3 —28.5 —30.1 -30.1
N-p-Coumaroyltyramine —-29.3 —-31.4 —28.5 —-29.7
Papaverine —25.1 —28.0 —28.5 —-31.4
Rhaponticin —28.0 —-30.5 -31.8 -36.0
Scutellarin -34.3 -31.8 -36.8 -38.9
Wogonoside -335 -31.8 -34.7 -41.0
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Figure 7 The effect of WQY on the mRNA expression in ears of AD mice. The mRNA expression of (A) IFN-y, (B) IL-4, (C) T-bet, (D) GATA3, (E)
IL-17, (F) IL-10, (G) RORy and (H) FOXP3 in the ears of AD mice. Data are expressed as mean = SD;n = 5; P < 0.05, "P < 0.01 versus model.
WQY, Wenging Yin.
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Network pharmacology is an emerging approach in biological
research and drug discovery and research rooted in modeling and
simulation and large-scale data collection and analysis, which can
facilitate drug discovery, predict targets, and predict the mechanism
of action of drugs in preclinic [34-36]. Network pharmacology was
employed to investigate the active compounds, targets, and pathways
of drugs or prescriptions acting on diseases at the molecular level to
promote the development of drug research and development. In this
study, we identified the major targets of WQY for AD treatment and
investigated its potential structural, molecular, and cellular functional
panels and associated pathways, and constructed the
WQY-compounds-targets-disease network to elucidate the network
regulatory mechanism of WQY in AD therapy. The study demonstrated
that WQY possesses the potential to treat AD by modulating Toll-like
receptor and T-cell receptor signaling pathways, as well as influencing
the differentiation pathways of Th1 and Th2 cells.

Extensive research has demonstrated that the development of AD is
closely associated with T cells, and during the pathogenesis period,
significant fluctuations in the levels of Th1 (IFN-y), Th2 (IL-4, IL-13),
Th17 (IL-17), and Treg (IL-10) cytokines had been observed [37-39].
At the outset of AD, therapeutic objectives can be met by reducing the
levels of cytokines such as IL-4, IL-13, and IL-10 [40]. It was found
that WQY significantly decreased the expression of IL-4, IL-10, GATA3
and FOXP3 in AD mice, and negligible changes were observed in the
mRNA levels of IFN-y, IL-17, T-bet and RORy. Previous studies have
shown that both the acute and chronic stages of Alzheimer’s disease
are marked by elevated levels of Th2 cytokines, such as IL-4, which
either impede filaggrin expression or inhibit mast cell degranulation
[41]. The role of Treg in the pathogenesis of AD, particularly in
chronic AD, is significant as Treg cells dominate and exert
immunosuppressive effects through cytokine production [42].
Inhibition of mast cell infiltration, IgE and proinflammatory factors by
Treg cells immune response can improve the sensitization and
induction of AD pathogenesis [43]. In addition, Treg cells can promote
Th2 immune responses, and the pathway is bidirectional [44]. Thus,
the mechanism of WQY in treating AD may involve suppressing Th2
and Treg cells immune response.

To further explore the potential functional components of WQY,
molecular docking experiments were performed. The study results
indicated that eriodictyol 7-O-glucuronide, scutellarin, wogonoside,
and rhaponticin were potential functional components. Scutellarin
possesses antioxidant and anti-inflammatory properties, and it
effectively reduces the number of Treg cells while inhibiting their
activity, ultimately enhancing immune function [45, 46]. Wogonoside
was found to reduce the expression of IL-13, an inflammatory factor
secreted by Th2 cells in mice with colitis, to maintain the immune
homeostasis of the intestine [47]. To investigate the
anti-inflammatory properties of rhapontin, an inflammation model
was established in mice, and the results revealed that rhapontin
markedly attenuated the levels of inflammatory factors [48].
Additionally, rhapontin decreased TGF-f31 expression by inhibiting the
TGF-B/Smad pathway [49]. The above ingredients screened through
network pharmacology and molecular docking analysis are likely to be
the effective ingredients of WQY in regulating Th2 and Treg cells
immune response to treat AD, which are worthy of further exploration
in future studies.

Conclusion

In this study, we examined the effects and underlying mechanisms of
WQY on AD with a DNFB-induced mouse model. The results
demonstrated that WQY effectively mitigated tissue damage, reduced
inflammatory factors levels, and regulated the balance of CD4* and
CD8"* cells in AD mice. By employing UPLC-Orbitrap-MS/MS
technique and constructing a drug target network, potential active
ingredients such as coumestrol, muricarpone B, luteolin, wogonin,
glaucine were identified. Furthermore, network pharmacology and
qRT-PCR analysis, in conjunction with molecular docking, have
confirmed that the mechanism by which WQY exerts its therapeutic
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effects on AD may be associated with the inhibition of Th2 and Treg
cell immune responses. Additionally, compounds such as eriodictyol
7-0O-glucuronide, scutellarin, wogonoside, among others, may serve as
potential active components within WQY.
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