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Purpose: Psoriasis is an immune-related disorder characterized by silver scales, epidermis thickness, and itching. She-Chuang-Si-Wu- 
Tang (SSWT), a traditional Chinese medicine decoction, has been used clinically for 400 years. Although it benefits psoriasis 
treatment, the mechanism of action is still unclear. This study explores SSWT’s molecular mechanism in treating psoriasis through 
network pharmacology analysis and experiments.
Methods: We identified relevant SSWT and psoriasis targets using network pharmacology and conducted SSWT quality control 
with high-performance liquid chromatography (HPLC). A mouse model of psoriasis was established using imiquimod (IMQ), 
with the drug administered continuously for seven days, spanning an eight-day period. During the experiment, we observed 
spontaneous scratching behaviors and assessed the Psoriasis Area and Severity Index (PASI) scores. At the conclusion of the 
experiment, we examined skin tissue pathology under an optical microscope and measured epidermal thickness. Additionally, 
we used enzyme-linked immunosorbent assay (ELISA) and quantitative reverse transcription polymerase chain reaction (qRT- 
PCR) to measure interleukin (IL)-23, IL-17A, IL-17F, and interferon (IFN)-γ levels in the mice’s serum and their mRNA 
expression in the skin. Western blot analysis was conducted to assess protein levels related to signaling pathways.
Results: Results indicate that SSWT may target IL-17 signaling pathways and T helper (Th) 17 cell differentiation, as predicted by 
network pharmacology. SSWT significantly improved the PASI and Baker scores, reduced epidermal thickness, and decreased 
spontaneous scratching in IMQ-induced mice. Additionally, SSWT treatment significantly lowered the concentrations of inflammatory 
factors in the serum and skin lesions, as well as mRNA expression levels, compared to the IMQ group. Furthermore, SSWT 
significantly inhibited the phosphorylation of both the signal transducer and activator of transcription 3 (STAT3) and mitogen- 
activated protein kinase (MAPK) pathways.
Conclusion: In summary, this study unveiled the potential anti-psoriatic mechanism of SSWT, offering new evidence for its clinical 
application.
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Introduction
Psoriasis is an immune-mediated inflammatory skin disorder affecting approximately 1% to 3% of the global population.1 

Characterized by silvery scales, thickened skin, and red patches, psoriasis can impact various body areas. Its pathogenesis 
involves immune cell activation and a surge in inflammatory cytokines, with the interleukin (IL)-23/IL-17 cytokine axis 
being central to this process.2 IL-17, produced by T helper (Th) 17 cells under the influence of IL-23, acts as a pro- 
inflammatory mediator, promoting abnormal keratinocyte differentiation and proliferation.3 Extensive research highlights 
the role of inflammation-related pathways, particularly the mitogen-activated protein kinase (MAPK) and signal 
transducer and activator of transcription 3 (STAT3) pathways, in psoriasis pathogenesis. These pathways regulate the 
release of inflammatory cytokines, cellular proliferation, differentiation, gene expression, and apoptosis.4–6 Key compo
nents of the MAPK pathway, including p38, c-Jun N-terminal kinase (JNK), and extracellular signal-regulated kinase 
(ERK) 1/2, are involved in phosphorylation processes that enhance the expression of major inflammatory cytokines such 
as IL-17, IL-23, and Interferon (IFN)-γ.7,8 Repeated phosphorylation of STAT3 can lead to psoriasis-like skin lesions in 
mice, while inhibiting STAT3 phosphorylation significantly improves these lesions.9 STAT3 phosphorylation exacerbates 
psoriasis progression by disrupting γδT cells and enhancing IL-17 production in the skin.10

Psoriasis often recurs and requires long-term management. Treatment options include systemic medications (methotrexate, 
dexamethasone, tacrolimus), topical treatments (corticosteroids, vitamin D analogs), oral medications (apremilast, acitretin), 
and phototherapy (UVA, UVB).11 Recent treatments using biologics, such as IL-17 inhibitors (secukinumab, ixekizumab) and 
IL-23 inhibitors (ustekinumab, guselkumab), have significantly improved Psoriasis Area and Severity Index (PASI) scores and 
patients’ quality of life.12 However, adverse reactions, resistance, long-term safety concerns, and high costs limit their 
widespread use and patients’ adherence.13 Traditional Chinese Medicine (TCM), with its multi-target effects, low side effects, 
and long-term safety, may offer a more effective and safer alternative for psoriasis treatment.

She-Chuang-Si-Wu-Tang (SSWT), as documented in “The Orthodox Manual of External Medicine”, offers diverse 
benefits for conditions such as scrotal eczema, atopic dermatitis (AD), and pruritus vulvae, highlighting its biological and 
pharmacological properties.14 The four herbs in SSWT are known for their anti-inflammatory properties, particularly 
Cnidium monnieri, which inhibits AD-like inflammation through coumarin compounds.15–17 Additionally, oxymatrine 
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from Sophora flavescens and compounds from Angelica sinensis alleviate psoriasis-like symptoms by modulating specific 
inflammatory pathways.18 Notably, Angelica sinensis, also a component of Dang-Gui-Liu-Huang Tang, reduces imiquimod 
(IMQ)-induced psoriasis-like inflammation in mice by suppressing IL-22 production, highlighting its importance in treating 
inflammatory skin conditions.19 Currently, limited research exists on SSWT related to psoriasis, and its potential warrants 
further exploration.

Network pharmacology, grounded in systems biology and employing bioinformatics, uncovers the intricate network 
connections between drug targets and diseases. This aligns with the holistic approach of TCM, providing a novel method for 
uncovering mechanisms in Chinese herbal medicine that are multi-component, multi-target, and multi-pathway. This study 
employs network pharmacology to predict SSWT’s potential mechanisms in treating psoriasis and validates its effects using 
IMQ-induced mice, laying a theoretical foundation for further research into SSWT’s role in psoriasis treatment.

Material and Methods
Preparation of SSWT
SSWT is composed of Cnidium monnieri, Sophora flavescens, Clematis chinensis, and Angelica sinensis (Figure 1A). Table 1 
shows the sources and composition of SSWT. SSWT was prepared according to the Chinese Pharmacopoeia (2015 Edition). 
The herbs were soaked for 30 minutes in 850 mL of water, then boiled at 100°C for 50 minutes. The mixture, once strained, 
was boiled again in 600 mL of water for 50 minutes. Decoctions from both boiling stages were collected, concentrated, and 
stored at 4°C (Figure 1B). The dose of SSWT for the experiment was determined using Jin’s method.20 Considering the 
average weights of an adult (70 kg) and a mouse (20 g), the dose ratio was calculated based on body surface area, resulting in 
a ratio of 0.0026.21 For adults, the standard dosage of SSWT is 60 grams per day. Considering the weight of a mouse (20 g), 
the standard dosage for mice was calculated to be 7.8 g/kg, using the formula 60gx0.0026÷0.02kg. Specifically, the medium 
dose was set at 7.8 g/kg, the low dose at half that amount, and the high dose at twice the medium dose.

Network Pharmacology
We utilized the Traditional Chinese Medicine Systems Pharmacology (TCMSP) database (https://tcmsp-e.com/tcmsp.php) to 
identify the chemical components of four Chinese herbal medicines. We filtered these components to include only those with 
an oral bioavailability (OB) ≥ 30% and drug-likeness (DL) ≥ 0.18. Subsequently, we refined the targets and identified the 
active components and their corresponding targets of SSWT drugs using the STRING (https://string-db.org/) and UniProt 
(https://www.uniprot.org/) databases. To identify psoriasis-related targets, we searched for “psoriasis” in the GeneCard 
(https://www.genecards.org/) and DisGeNET (https://www.disgenet.org/) databases, and removed any duplicate targets. 
Venny 2.1.0 was used for Venn diagram analysis, comparing SSWT and psoriasis targets to identify potential targets for 
SSWT treatment of psoriasis. The common target genes were then imported into the STRING database to construct a protein- 
protein interaction (PPI) network, showing the connections and interactions among target genes, proteins, and molecules. We 
used Cytoscape 3.9.1 to construct a drug-compound-target network and performed topological analysis to obtain network- 
related information. In this network, nodes represented drug compositions, active components, and shared targets, while edges 
depicted the interactions within the network. KEGG and GO enrichment analyses were performed using the DAVID database 
(https://david.ncifcrf.gov/) and visualized with the Bioinformatics online mapping tool (http://www.bioinformatics.com.cn/). 
GO categorized key gene functions into cellular component (CC), molecular function (MF), and biological process (BP). 
KEGG enrichment analysis identified potential biological processes associated with the targets. The species parameter was set 
to “Homo sapiens”, and a p-value of ≤0.05 was used as the significance threshold. After excluding tumor pathways, the results 
were ranked by p-value, showing the top 30 results from the GO and KEGG enrichment analyses.

Animal Model
C57BL/6J mice are sensitive to IMQ-induced psoriasis-like dermatitis and consistently exhibit pathological character
istics similar to human psoriasis, such as keratinocyte proliferation, inflammatory cell infiltration, and increased cytokine 
expression.22 Therefore, C57BL/6J mice were selected for this study. Eighty C57BL/6J mice (17–22 g, 6–8 weeks old, 
male or female) were obtained from Hunan SJA Laboratory Animal Co., Ltd. (License No. SCXK (Hunan) 2019–0004). 
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The mice were housed under specific pathogen-free (SPF) conditions at 23 ± 1°C with 40%-70% relative humidity and 
12 hours of artificial light daily. All experiments were approved by the Institutional Animal Care and Use Committee of 
Guangxi University of Chinese Medicine (Ethics License No. DW20191220-153) and adhered to the “Guidelines for the 
Care and Use of Laboratory Animals.” During the treatment period, each animal was housed individually in a standard 
cage. Non-toxic dye was applied to the hind limbs and tails of the mice to prevent licking and confusion.

Figure 1 Preparing the SSWT and the experimental schedule. (A) SSWT is constituted by Cnidium monnieri, Sophora flavescens, Clematis chinensis and Angelica sinensis. (B) The 
SSWT preparation schedule. (C) The schematic diagram of the experimental procedure.
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Animal Experiments
Mice were randomly divided into six groups: Control, IMQ, Dexamethasone (Dex), and three SSWT groups (low, 
medium, and high). Before the study, a 4.5 cm × 2.0 cm area on each mouse’s back was shaved. For seven consecutive 
days, all groups except the control group received a daily application of 62.5 mg of 5% IMQ cream (Imiquimod, 
Minxinlidi Co. Ltd., Sichuan, China) on their backs. Four hours after IMQ application, the low-dose SSWT group 
(SSWT-L), medium-dose SSWT group (SSWT-M), and high-dose SSWT group (SSWT-H) were gavaged with 3.9 g/kg, 
7.8 g/kg, and 15.6 g/kg of SSWT, respectively. The Dex group received 2 mg/kg Dex daily, while the IMQ and control 
groups were given distilled water. Spontaneous scratching behaviors were video-recorded for one hour after each day’s 
treatment. Mice were placed in separate plastic chambers and acclimated for 15 minutes before observation. Scratching 
behavior was defined as lifting the hind limb toward the shaved neck area and then returning it to the floor. At the 
experiment’s end, all mice were euthanized, and their dorsal skin, spleen, and whole blood were collected. The timeline 
of the animal experiment is shown in Figure 1C.

Psoriasis Area and Severity Index Assessment
The PASI was employed to evaluate the severity of skin inflammation. Erythema, scaling, and epidermal thickness were 
independently scored on a scale from 0 to 4, reflecting the degree of inflammation (0 = none, 1 = slight, 2 = moderate, 3 = 
marked, and 4 = very marked). Three researchers independently assessed each feature, and their scores were summed to 
produce a total score for each feature, ranging from 0 to 12. The cumulative scores for erythema, scaling, and thickening 
were then combined to represent the overall severity of inflammation, yielding a final score ranging from 0 to 36.

Histological Analysis
Dorsal skin samples were fixed in 4% paraformaldehyde and embedded in paraffin. Skin samples were then cut into 4 μm 
sections and stained with hematoxylin-eosin (HE) for light microscope histological observations (OLYMPUS, DP80). One 
image per tissue was taken at a 10×10 zoom and five images at a 40×10 zoom using CellSens Dimension software (n = 3 per 
group), both randomly. Epidermal thickness was randomly measured at four points on each image and averaged with 
Image J software. Pathological changes in skin tissue were observed under an optical microscope, with abnormalities 
evaluated using the Baker score, which ranges from 0 to 10.23

Wire Suspension Experiment
A wire suspension test assessed SSWT’s effect on motor coordination. The wire suspension test included four groups: 
Control, SSWT-L, SSWT-M, and SSWT-H. Suspension tests were conducted 1 or 24 hours after SSWT or distilled water 
pretreatment on the mice. The test used a horizontal wire (100 cm × 2 mm) suspended 50 cm above padding. Mice were 
placed in the wire’s middle and observed over three consecutive rounds at 120-second intervals. Mice staying on the wire 
for over 120 seconds or reaching its end scored 2, those remaining for 60–120 seconds scored 1, and those falling within 
60 seconds scored 0 (n = 6 per group).

Open Field Experiment
An open-field test was conducted to assess SSWT’s effect on locomotor activities and exploration. The open-field arena, 
measuring 62 cm × 62 cm × 30.5 cm, was constructed from a rectangular polymethylmethacrylate box, divided into 
sixteen equal-sized squares (15.5 cm × 15.5 cm). Mice were placed in the open field’s center for spontaneous exploration 

Table 1 The Composition and Sources of SSWT

Botanical Name Weight (g) PIace of Origin Company

Cnidii fructus 15 Anhui, China Xiushan Fuxingtong Decoction Pieces Co., Ltd
Sophorae flavescentis radix 15 Sichuan, China Chengdu City Dujiangyan Chunsheng Chinese Medicine Drinks Co., Ltd.

Clematidis radix et rhizoma 15 Guangxi, China Nanning Jingchang Chinese Medicine Tablet Co., Ltd.

Angelicae sinensis radix 15 Gansu, China Gansu JoinNative Chinese Traditional MedicineIndustry Co., Ltd.
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for five minutes after one or twenty-four hours of SSWT or distilled water pretreatment. A high-definition video recorded 
each mouse’s total square crossings and front paw raisings.

Rotarod Experiment
An accelerated test was conducted to evaluate motor coordination. Mice underwent training three times daily for three 
consecutive days before the rotarod test. Mice were exposed to increasing rotarod speeds, from 4 to 5 RPM over five 
minutes, following 1 or 24 hours of SSWT or distilled water pretreatment. The time each mouse fell off the rotarod was 
recorded three times with five-minute intervals.

Enzyme-Linked Immunosorbent Assay (ELISA)
Serum was centrifuged at 3000 rpm and 4°C for 15 minutes, with the supernatant used for the ELISA test. IL-17A, IL- 
17F, IL-23, and IFN-γ levels were measured using ELISA kits (Bioswamp, China, and Multi Sciences, China) following 
the manufacturer’s specifications. The OD value at 450 nm was measured using a microplate reader (BioTek, Epoch), 
after zeroing the blank control.

Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR) Gene 
Expression Analysis
Total RNA was extracted from skin samples using TRIzol reagent (Ambion, USA) following the manufacturer’s 
instructions. Subsequently, RNA was reverse-transcribed to complementary deoxyribonucleic acids (cDNA) using 
reverse transcriptase (Vazyme, China). qRT-PCR was conducted using an EDC-810 real-time fluorescence PCR instru
ment (Eastwin, China) and the SYBR Green Master Mix kit (Vazyme, China). The β-actin gene served as a reference for 
normalizing experimental data. All data were analyzed using the 2−ΔΔCT method. The used primers are listed in Table 2.

Western Blot Assays
Skin samples were homogenized in RIPA lysis buffer (Beyotime, China). After centrifugation, the supernatant was 
collected, and the total protein concentration determined using the BCA protein concentration assay kit (Beyotime, 
Shanghai, China). Equal amounts of protein were separated by SDS-PAGE and transferred to a PVDF membrane (0.45 

Table 2 Primer Sequences for Quantitative Reverse Transcription 
Polymerase Chain Reaction

Compounds Primer Sequence (5’-3’)

osthole Forward 
Reverse

CACGATGGAGGGGCCGGACTCATC 
TAAAGACCTCTATGCCAACACAGT

matrine Forward 

Reverse

CAGACTACCTCAACCGTTCC 

AGCTTTCCCTCCGCATT
oxymatrine Forward 

Reverse

CCAGGGTCAGGAAGACAGCA 

GCAGCCAACTTTTAGGAGCA

caffeic acid Forward 
Reverse

GCAGCTCTCTCGGAATCTCT 
CGGGGCACATTATTTTTAGTC

ferulic acid Forward 

Reverse

CGCTACACACTGCATCTTGG 

TCCTTTTGCCAGTTCCTCCA

Abbreviations: SSWT, She-Chuang-Si-Wu-Tang; DCs, dendritic cells; ELISA, 
enzyme-linked immuno-sorbent assay; HE, hematoxylin-eosin; MAPK, mitogen- 
activated protein kinase; ERK, extracellular signal-regulating kinase; JNK, c-Jun 
N-terminal kinases; ANOVA, One-way analysis of variance; PASI, psoriasis area 
severity index; qRT-PCR, quantitative reverse transcription polymerase chain reac
tion; STAT3, signal transducer and activator of transcription 3; TCM, Traditional 
Chinese Medicine; TH, T helper; IMQ, imiquimod; IFN, interferon; IL, interleukin; 
Dex, dexamethasone; cDNA, complementary deoxyribonucleic acid; SEM, Standard 
Error of Mean; AD, Atopic dermatitis; HPLC, high-performance liquid chromato
graphy; NF-kB, nuclear factor kappa B.
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μm, Millipore, USA). The membrane was blocked with 5% skim milk powder for 2 hours, then incubated with primary 
antibodies overnight at 4°C. Enhanced chemiluminescence (ECL) was used to visualize target proteins after five TBST 
washes. Protein expression levels were measured with Image-Pro Plus (IPP), using β-actin as an internal standard.

High-Performance Liquid Chromatography Analysis of SSWT
Osthole, matrine, caffeic acid, oxymatrine, and ferulic acid, representing SSWT components,24–26 are quality control standards, 
all purchased from Beijing Solarbio Science & Technology Co., with concentrations ≥98%. Following Zhang et al’s method,27 

we quantified the five standards and SSWT-M (the standard clinical dose) using High-Performance Liquid Chromatography 
(HPLC) and compared the results. HPLC analysis used an Agilent 1260 Infinity II liquid chromatograph and a Hypersil Gold 
C18 column, with water for osthole, phosphate buffer for oxymatrine and matrine, and 0.1% aqueous phosphate solution for 
caffeic acid and ferulic acid as mobile phase A, and acetonitrile as mobile phase B. Elution was conducted using gradient or 
isocratic methods at a flow rate of 1.0 mL/min and an injection volume of 10 μL. Data were acquired and processed using 
OpenLab CDS Acquisition 2.5.0.842 and Agilent OpenLab Data Analysis 2.205.0.1344, respectively.

Statistical Analysis
All experimental data are presented as mean ± S.E.M. Statistical analysis was conducted with GraphPad Prism version 
8.0.2. We used One-way analysis of variance (ANOVA) and the rank-sum test to analyze group differences. Differences 
between two groups were compared using Student’s t-test. A p-value < 0.05 was considered statistically significant.

Results
Network Pharmacological Analysis
From the TCMSP database, we obtained 73 effective components and 215 corresponding targets. Combining psoriasis- 
related targets from the GeneCards and DisGeNET databases yielded a total of 5059 targets. A Venn diagram comparison 
of SSWT and psoriasis targets identified 148 common targets (Figure 2A). The effective components and common targets 
of SSWT treatment for psoriasis were imported into Cytoscape 3.8.0 to create a drug-disease intersection targets network, 
comprising 192 nodes and 511 edges (Figure 2B). In this network, pink hexagonal nodes represent drugs, pink diamond 
nodes signify SSWT’s effective components, and blue hexagonal nodes denote action targets, illustrating SSWT’s multi- 
component and multi-target characteristics for treating psoriasis. The 148 common targets were uploaded to the STRING 
database to create a PPI network (Figure 2C). After removing irrelevant targets, this network featured 147 nodes and 
3689 edges. An average node degree of 50.19 and a local clustering coefficient of 0.71 suggest a strong inter-node 
association. Enrichment analyses of the 148 common targets were conducted using the DAVID database, resulting in 
1005 targets with 778 in BP, 147 in MF, and 80 in CC, respectively. Figure 2D displays the top 30 significantly enriched 
genes. GO-BP analysis shows that target genes primarily participate in biological responses like responding to xenobiotic 
stimuli, positively regulating gene expression, and negatively regulating apoptosis. GO-MF reveals significant associa
tions of target genes with enzyme binding, identical protein binding, and general protein binding. GO-CC demonstrates 
that target genes are primarily located in various cellular components, including the extracellular space, macromolecular 
complexes, and cytosol. Figure 2E presents the top 30 signaling pathways from KEGG analysis in a bubble chart. 
Considering their relevance to psoriasis, the IL-17 signaling pathway and Th17 cell differentiation were identified as the 
two most important signaling pathways. These findings suggest SSWT could treat psoriasis by influencing the IL-17 
signaling pathway and Th17 cell differentiation.

High Performance Liquid Chromatograms of Five Representative Components in 
SSWT
HPLC was used to analyze and determine the standards and SSWT-M, with detection wavelengths for matrine and 
oxymatrine at 220 nm, caffeic acid at 316 nm, and ferulic acid and osthole at 322 nm, respectively (Figure 3A). 
Additionally, Figure 3B–F displays the chromatograms of the standards and SSWT-M. The results revealed that in 
SSWT-M, the retention times for osthole, matrine, oxymatrine, caffeic acid, and ferulic acid were 8.736, 11.826, 23.350, 
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Figure 2 Employing network pharmacology to analyze the potential mechanisms of SSWT in treating psoriasis. (A) Venn diagram showing common targets of SSWT and 
psoriasis. (B) Psoriasis-target-SSWT network. (C) PPI network for common targets. (D) GO analysis results. (E) KEGG pathway enrichment results.
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Figure 3 High-Performance Liquid Chromatography analysis of representative components in SSWT-M is performed. The chemical structures of ferulic acid, caffeic acid, 
osthole, matrine, and oxymatrine (A) and the high-performance liquid chromatogram of SSWT-M (B), where the representative components of the five Chinese herbal 
plants in the graph are ferulic acid (1), caffeic acid (2), osthole (3), matrine (4), and oxymatrine (5), are shown. The high-performance liquid chromatograms of the five 
control standards include ferulic acid, caffeic acid (C), osthole (D), matrine (E), and oxymatrine (F).
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14.009, and 25.586 minutes, respectively. The five chemical components’ concentrations in SSWT were 0.470, 158.200, 
9.444, 0.621, and 4.006 μg/mL, respectively.

The Effect of SSWT on the IMQ-Induced Morphological Changes of the Skin Lesions
We investigated the effects of SSWT on IMQ-induced skin lesions in a psoriasis-like mouse model by comparing morpho
logical changes among the control, IMQ, and SSWT groups. The IMQ group exhibited erythema, scaling, and infiltration, 
while the control group showed no significant psoriasis-like lesions (Figure 4A and B). Significant reductions in erythema, 

Figure 4 SSWT alleviated symptoms in IMQ-induced psoriasis-like mice. (A) The representative macroscopic views of the dorsal psoriatic skin lesions on Days 0–7 in each 
group. (B) The skin lesions from each group on Day 7. The erythema score (C), scaling score (D), infiltration score (E), and total score (F) in each group on Days 0–7. The 
erythema score (G), scaling score (H), infiltration score (I), and total score (J) in each group on Day 7. Data are represented as mean ± SEM (n = 8–9), #p< 0.05, ##p< 0.01, ###p< 
0.001 vs the control; *p< 0.05, **p< 0.01, ***p< 0.001 vs the IMQ model. 
Abbreviation: ns, no significant.
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scaling, and skin infiltration were observed in the SSWT groups (Figure 4C–F). By Day 7, the PASI scores in the SSWT 
groups were significantly lower than those in the IMQ group (Figure 4G–J), with the most pronounced improvements seen in 
the high-dose SSWT group. These findings suggest that SSWT effectively alleviates IMQ-induced psoriatic inflammation.

The Effect of SSWT on Histopathology in IMQ-Induced Psoriasis-Like Mice
To further evaluate the effects of SSWT on histopathological features in IMQ-induced psoriatic mice, we analyzed HE stained dorsal 
skin samples from each group. The results revealed that the IMQ group had thicker epidermal acanthocyte layers, incomplete 
keratinization, and increased inflammatory cell infiltration compared to the control group, with the highest scores in the Baker scoring 
system. In the SSWT groups, Baker scores decreased in a dose-dependent manner compared to the IMQ group, with the high-dose 
SSWT group showing the greatest and statistically significant reduction (Figure 5A and B). Figure 5C shows that epidermal thickness 
in the SSWT groups decreased in a dose-dependent manner compared to the IMQ group, with statistically significant results. 
Therefore, SSWT resulted in histopathological improvements in mice with IMQ-induced psoriatic lesions.

Figure 5 The effect of SSWT on the histopathological features and the spleen of IMQ-induced psoriasis-like mice. (A) The representative images of the back skin in each group, 
with HE staining, are shown. (B) Histopathology scores (Baker score). Data is represented as mean ± SEM (n = 3). (C) The epidermal thickness of the skin lesions in each group 
of mice. Data is represented as mean ± SEM (n = 15). (D) Images of the spleen and the spleen indices for each group. Data are represented as mean ± SEM (n = 8–9), #p< 0.05, 
##p< 0.01, ###p< 0.001 vs the control; *p< 0.05, **p< 0.01, ***p< 0.001 vs the IMQ model. 
Abbreviation: ns, no significant.
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The Effect of SSWT on Spleen Enlargement in IMQ-Induced Psoriasis-Like Mice
We tested the spleen index to investigate the potential effect of SSWT on spleen enlargement. As shown in Figure 5D, the 
spleens in the IMQ group were significantly larger than those in the control group. In contrast, SSWT treatment reduced 
spleen size and weight in a dose-dependent manner when compared to the IMQ group. These findings suggest that SSWT 
mitigates IMQ-induced immune responses.

The Effect of SSWT on Spontaneous Scratching Behaviors in IMQ-Induced Psoriasis Mice
To assess the anti-pruritic effect of SSWT, we recorded spontaneous scratching behaviors in IMQ-induced psoriatic mice 
over eight days (Figure 6A). Results showed a significant increase in spontaneous scratching in the IMQ-treated mice 
from Day 3 compared to the control group. Additionally, scratching behaviors significantly decreased in the SSWT-H and 

Figure 6 The effects of SSWT on mice’s scratching behaviors, locomotion, exploration, and motor coordination. (A) The number of scratching for each group from Day 0 to Day 7, and 
the specific scratch counts on Day 3 (B), Day 4 (C), Day 5 (D), Day 6 (E), and Day 7 (F). Data are represented as mean ± SEM (n = 8–9), #p< 0.05, ##p< 0.01, ###p< 0.001 vs the control; 
*p< 0.05, **p< 0.01, ***p< 0.001 vs the IMQ model. Record the data from the Open Field Experiment, Wire Suspension Test, and Rotarod Experiment in mice that were treated with 
SSWT for 1 hour (G) and 24 hours (H). Data are represented as mean ± SEM (n = 6), *p< 0.05, **p< 0.01, ***p< 0.001, compared to the control. 
Abbreviation: ns, no significant.
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SSWT-M groups from Day 4 to Day 7 compared to the IMQ group (Figure 6B–F). Notably, the medium-dose SSWT 
treatment showed a more pronounced effect after Day 6. These findings suggest that SSWT effectively reduces 
spontaneous scratching in IMQ-induced psoriatic mice.

The Effect of SSWT on Locomotor Activities, Exploration, and Motor Coordination
We conducted the Wire Suspension Test, Open Field Test, and Rotarod Experiment to explore SSWT’s potential impact 
on locomotion, exploration, and motor coordination in mice. Figure 6G, H shows that 1 and 24 hours after SSWT 
pretreatment, there were no significant differences in crossing, rearing, falling times from the Rotarod, or Wire 
Suspension Test scores between SSWT and control groups. These findings suggest that SSWT did not impact locomo
tion, exploration, or motor coordination in the psoriasis mouse model.

The Effect of SSWT on the Levels of Inflammatory Cytokines in IMQ-Induced Psoriasis 
Mice
To determine if SSWT can lower psoriasis-related inflammatory cytokine levels in IMQ-induced psoriatic mice, we 
assessed cytokine concentrations and mRNA levels in serum and skin. Figure 7A–H demonstrates that concentrations 
and mRNA expression levels of IFN-γ, IL-23, IL-17A, and IL-17F were significantly higher in IMQ-induced mice 
compared to the control group. However, SSWT significantly reduced IMQ-induced release and mRNA expression of 
IFN-γ, IL-23, IL-17A, and IL-17F in a dose-dependent manner. These findings suggest that SSWT suppresses inflam
matory responses in mice with IMQ-induced psoriasis.

The Effect of SSWT on the Activation of the MAPK and STAT3 Signaling Pathways in 
IMQ-Induced Psoriatic Mice
The STAT3 and MAPK signaling cascades regulate the expression of inflammatory cytokines. We used Western 
blots to investigate the effect of SSWT on STAT3 and MAPK signaling protein levels in the skin of IMQ-induced 
psoriatic mice. As shown in Figure 8A–L, the protein expressions of p-STAT3, p-P38, p-ERK1/2, and p-JNK were 
significantly higher in the IMQ group than in the control group. SSWT treatment significantly reduced the levels of 

Figure 7 The effect of SSWT on the pro-inflammatory cytokine levels and the mRNA expressions of IMQ-induced psoriasis-like mice. The serum pro-inflammatory cytokines IFN- 
γ (A), IL-23 (B), IL-17A (C), and IL-17F (D) were measured using ELISA. Data are represented as mean ± SEM (n = 4–5). The mRNA levels of IFN-γ (E), IL-23 (F), IL-17A (G), and IL- 
17F (H) in the skin were measured by qRT-PCR. Data are represented as mean ± SEM (n = 3), #p< 0.05, ##p< 0.01, ###p< 0.001 vs the control; *p< 0.05, **p< 0.01, ***p< 0.001 vs 
the IMQ model. 
Abbreviation: ns, no significant.
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these proteins in a dose-dependent manner compared to the IMQ group. These findings indicate that SSWT inhibits 
the activation of the STAT3 and MAPK signaling pathways, thereby regulating the expression of IMQ-induced 
cytokines and chemokines.

Figure 8 The effect of SSWT on the MAPK and STAT3 pathway components. The protein ex-pression levels of P38, p-P38 (A), ERK1/2, p-ERK1/2 (D), JNK, p-JNK (G), STAT3, and 
p-STAT3 (J) in the skin were measured by Western blot. Evaluation of P38(B), p-P38(C), ERK1/2(E), p-ERK1/2(F), JNK(H), p-JNK(I), STAT3(K), and p-STAT3(L) expression levels 
using ImageJ. Data are represented as mean ± SEM (n = 3), #p< 0.05, ##p< 0.01, ###p< 0.001 vs the control; *p< 0.05, **p< 0.01, ***p< 0.001 vs the IMQ model. 
Abbreviation: ns, no significant.
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Discussion
Psoriasis is characterized as a chronic, inflammatory, papulosquamous skin disease with erythema and scales. The 
pathogenesis of psoriasis involves inflammatory cytokines and the disruption of the skin barrier. Orchestrated inflam
matory cytokines damage the skin barrier, while lesioned skin further promotes inflammatory cytokine release, creating 
a vicious cycle. Thus, relieving skin inflammation is a strategic approach for treating psoriasis. The side effects and high 
costs of psoriasis medications pose challenges for patients. TCM offers an alternative treatment for psoriasis using 
complementary methods. Additionally, TCM has demonstrated greater efficacy and fewer side effects.

The term “psoriasis” originates from the Greek word “Psora”, “signifying” “pruritus” when referred to in scholarly 
language. Past reports (from 1977 to 2017) on psoriasis patients reveal that about 60% to 90% exhibit clinical pruritus 
manifestations.28 Amatya and Yosipovitch have demonstrated that itching is among the most painful and troublesome 
psoriasis symptoms.29,30 Commonly used antipruritic therapies for psoriasis are recognized to be not fully effective, with 
potential weak effects or short-lived durations. Additionally, chronic use of these medications may lead to high risk adverse 
reactions, including infection and hepatotoxicity. Herbal formulations offer relevant alternative treatment options, with 
advantages like fewer side effects and lower costs. This study demonstrated a reduction in IMQ-induced spontaneous 
scratching behaviors with SSWT use. Thus, SSWT could offer a new approach for treating psoriasis induced itch symptoms.

IMQ acts as an inflammation and immune activator, stimulating monocytes, macrophages, and dendritic cells (DCs) 
to induce psoriatic skin inflammation in mouse models. A preliminary study found that,31 after seven days of IMQ 
application, mice exhibited erythema, white scales, and thickened skin. This study showed that SSWT significantly 
reduced IMQ-induced PASI scores. Additionally, SSWT can treat splenomegaly and inhibit systemic immune responses. 
Histopathological analysis showed that SSWT treatment significantly reduced parakeratosis, thickened epidermal 
acanthocyte layers, and inflammatory cell infiltration in psoriatic mice, thereby lowering Baker scores. These findings 
suggest that SSWT reduces keratinocyte proliferation and inflammatory cell infiltration, potentially exerting an anti- 
inflammatory effect in IMQ-induced psoriasis in mice.

The analysis of the drug-disease intersection targets network reveals that SSWT components are complex, targets are 
diverse, and action pathways are extensive. The therapeutic effects of SSWT result from the combined actions of multiple 
active components. Certain constituents of SSWT, such as Cnidium monnieri, Sophora flavescens, and Angelica sinensis, 
possess anti-inflammatory properties. Osthole, Cnidium monnieri’s main active component, inhibits nuclear factor kappa 
B (NF-kB) and MAPK activation, displaying an anti-inflammatory effect both in vivo and in vitro.32 Matrine and oxymatrine, 
the primary alkaloids in Sophora flavescens, help improve IMQ-induced psoriatic dermatitis.33,34 Angelica sinensis reduces 
pro-inflammatory factors by blocking the NF-kB and MAPK pathways.35 While SSWT’s effect on psoriasis goes beyond 
a simple mix of TCM ingredients, their anti-inflammatory properties may enhance its anti-psoriatic efficacy.

Dex, an effective treatment for psoriasis,36 was used as the standard treatment in this study to evaluate its effects on 
reducing inflammation and relieving itching. Our results showed that Dex significantly reduced the mRNA expression 
levels of IL-23, IL-17A, IL-17F, and IFN-γ, effectively alleviating the inflammatory response and itching symptoms in 
psoriasis mouse model, consistent with previous findings.1 Dex is crucial in psoriasis treatment by inhibiting T cell 
activation and proliferation and reducing the release of inflammatory factors. Our study also found that SSWT was 
superior to Dex in reducing scratching behavior and skin lesions, with fewer side effects. These advantages suggest that 
SSWT may be a better treatment option, considering long-term efficacy and safety.

KEGG enrichment analysis shows that SSWT primarily targets psoriasis through Th17 cell differentiation and the IL-17 
signaling pathway, which are interrelated. The Th17/IL-17 pathway plays a role in both the development and progression of 
psoriasis. IL-23, essential for starting the immune-inflammatory process, is produced by DCs and targets the IL-23 Receptor (IL- 
23R) on Th17 Cells.37 IL-23 regulates the development, proliferation, and IL-17 secretion in Th17 cells.38,39 IL-23 activates the 
Th17 pathway mainly through STAT3, which controls the transcription of key inflammatory mediators.40 STAT3 regulates Th17 
cell differentiation and cytokine secretion, including IL-23, IL-17A, and IL-17F, which use the STAT3 pathway to transmit 
signals, thus influencing psoriasis development and Th17 cell activation.41 The STAT3 pathway can cause keratinocytes to over- 
proliferate and produce more IL-17, creating a feedback loop that further activates the TH17 and STAT3 pathways.42 

Additionally, STAT3 activates genes that regulate HaCaT cell proliferation and apoptosis, affecting feedback loops.43 The 
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initiation of the MAPK pathway incites inflammatory reactions, playing a pivotal role in the development of psoriasis.44 Within 
psoriatic lesions, there is a marked increase in the activation levels of p38, ERK1/2, and JNK. The movement of Th17 cells, 
which are crucial in driving inflammation, is particularly reliant on p38. Therefore, targeting and inhibiting the MAPK p38 
pathway emerges as a strategic approach to control Th17-mediated inflammatory conditions.45 Furthermore, suppressing the 
MAPK ERK pathway reduces keratinocyte proliferation.46 JNK is essential for keratinocyte differentiation and proliferation, 
highlighting its role in psoriasis pathology.47 In psoriasis models, overactive DCs stimulate Th cells to secrete IFN-γ, IL-17A, IL- 
17F, leading to excessive epidermal proliferation and chemokine and antimicrobial peptide secretion by keratinocytes, thus 
promoting psoriasis.48 Gottlieb demonstrated significant improvement in inflammation and itch in patients using an IL-17 
receptor antagonist.49 This study found SSWT significantly reduced the release and mRNA expression of IL-17A, IL-17F, IL-23, 
and IFN-γ compared to the IMQ group. Western blotting detected protein levels of STAT3 and MAPK pathway components in 
mouse dorsal skin. Our findings reveal that IMQ application increased the phosphorylation of STAT3, P38, JNK, and ERK1/2, 
thus activating the STAT3 and MAPK pathways. Concurrently, SSWT treatment countered IMQ’s effects by reducing the 
phosphorylation of STAT3, P38, JNK, and ERK1/2, thereby inhibiting the STAT3 and MAPK pathways. Our results suggest that 
SSWT improves IMQ-induced psoriatic lesions, reduces scratching, and alleviates inflammation. The potential mechanism likely 
involves regulating Th17 cell differentiation and the IL-17 signaling pathway through the STAT3 and MAPK pathways, 
consistent with KEGG analysis predictions. In the future, SSWT could become an effective treatment for psoriasis or a key 
component in combination therapies due to its unique multi-target and multi-pathway actions that enhance efficacy and minimize 
side effects. Additionally, SSWT can serve as a valuable source for drug development. Single compounds extracted from TCM, 
when processed through modern drug development procedures, hold potential as innovative treatments for psoriasis. However, 
this study has limitations. The main active components of SSWT have not been identified, and the anti-psoriatic effects of other 
components remain unknown. Furthermore, the specific mechanisms of action, particularly SSWT’s interactions with the STAT3 
and MAPK pathways, are unclear and require further investigation.

Conclusion
In conclusion, this study confirmed the efficacy of SSWT in treating psoriasis and elucidated its underlying mechanisms. 
Network pharmacology demonstrated that SSWT improves psoriasis through the synergistic interaction of various 
components, targets, and pathways. In vivo trials showed that SSWT reduces epidermal thickness, alleviates itchiness, 
lowers PASI and Baker scores, and suppresses cytokine release and mRNA expression. SSWT’s anti-inflammatory and 
antipruritic effects are mediated by its regulation of the STAT3/ MAPK pathways, impacting IL-17 signaling and Th17 
cell differentiation. Thus, SSWT presents a promising alternative for psoriasis treatment. However, this study has several 
limitations. While in vivo trials provided valuable insights, clinical trials are needed to confirm SSWT’s safety and 
efficacy in humans. Future clinical studies should focus on evaluating the long-term effects and potential side effects of 
SSWT. Additionally, although the anti-psoriatic effects of SSWT were identified, the specific active components were 
not. Future research should aim to isolate and identify these active components to enable more targeted therapeutic 
approaches. Moreover, the study primarily focused on the STAT3 / MAPK pathways, but other relevant pathways might 
also play crucial roles in SSWT’s therapeutic effects, necessitating further exploration in future research.
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