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Abstract: Objective: This study aimed to elucidate the mechanisms underlying the protective effects of Wenpi
Decoction (WPD) against chronic kidney disease (CKD) progression using animal experimental approaches.
Methods: The active components of WPD and their relevant therapeutic targets for CKD were identified based on the
Traditional Chinese Medicine Systems Pharmacology (TCMSP) platform. A protein-protein interaction (PPI) network
was constructed using the STRING database. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analyses were performed in R to identify key biological processes and signaling pathways. The
associations among NLRP3 (NOD-like receptor protein 3), CKD, inflammatory pathways, and immune cell infiltra-
tion were further evaluated using network-based analyses, and the causal relationship between NLRP3 and CKD
was investigated through Mendelian randomization analysis. The effects of WPD were then validated in a cisplatin-
induced CKD mouse model. Results: Network pharmacology analysis identified 751 potential target proteins and
indicated that inflammation-related signaling pathways may represent major mechanisms underlying the effects of
WPD. NLRP3 was highly expressed in CKD patients and showed potential diagnostic value. Further analyses sug-
gested that NLRP3 was involved in inflammatory pathways and immune cell infiltration. Mendelian randomization
confirmed a causal relationship between NLRP3 and CKD. Animal experiments demonstrated that WPD improved
renal function, attenuated renal fibrosis, and downregulated the renal expression levels of NLRP3, IL-6, TNF-«, and
caspase-1. Conclusion: Inflammation-related pathways, particularly the NLRP3/caspase-1 signaling axis, may play
a critical role in the therapeutic effects of WPD in the cisplatin-induced CKD model. WPD effectively alleviated renal
dysfunction and fibrosis, potentially via suppressing activation of the NLRP3/caspase-1 signaling pathway.
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Introduction Chronic glomerulonephritis, acute kidney injury,
diabetes, and hypertension are major contribut-
ing factors in the pathogenesis of CKD [4].
These conditions can cause severe renal injury,
often accompanied by impaired repair capacity,
leading to microcirculatory dysfunction, chronic
inflammatory cell infiltration, nephron loss, and

renal fibrosis. Thereby, they promote CKD pro-

Chronic kidney disease (CKD) has emerged as
a major global public health concern, with its
prevalence continuously increasing alongside
socioeconomic development [1]. A comprehen-
sive epidemiological study (2020) analyzing
CKD data from 1990 to 2017 estimated that

approximately 697.5 million individuals world-
wide are affected by CKD, corresponding to a
global prevalence of approximately 9.1%. Not-
ably, China alone accounted for approximately
132 million of these cases [2]. According to
clinical projections, by 2040, CKD is expected
to rise from the 16th to the 5th leading cause
of premature death globally [3].

gression and may ultimately cause renal failure
[5].

Traditional Chinese medicine (TCM) plays an
important role in the clinical treatment of CKD,
demonstrating established efficacy and a favor-
able safety profile [6-9]. According to TCM theo-
ry, CKD is primarily attributed to the pathogen-
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esis of “deficiency of vital gi and excess of pa-
thogenic factors”. Therefore, therapeutic strat-
egies emphasize “supporting the healthy qi and
eliminating pathogenic factors”, with commonly
employed strategies including spleen and kid-
ney tonification, promotion of blood circulation
and diuresis, and detoxification and resolution
of blood stasis [10].

Wenpi Decoction (WPD) is a classical TCM for-
mula characterized by the functions of warming
and tonifying spleen yang and eliminating cold
accumulation. It has shown remarkable clinical
efficacy in the treatment of both acute and
chronic kidney diseases [11]. However, the pre-
cise molecular mechanisms underlying the
renoprotective effects of WPD remain unclear.
As WPD consists of seven herbal components,
the synergistic interactions among these ingre-
dients and their collective contribution to its
therapeutic effects warrant further investiga-
tion.

Inflammation plays a critical role in the onset
and progression of CKD. Inflammatory respons-
es promote aberrant fibroblast accumulation
and extracellular matrix deposition, thereby ex-
acerbating renal tissue injury and accelerating
renal fibrosis. As an immune-mediated inflam-
matory process, renal inflammation contrib-
utes to fibrotic progression through multiple
mechanisms, including complement activation,
cytokine release, and regulation of inflamma-
tion-related pathways [12].

The NLRP3 inflammasome has been implicated
in the regulation of CKD progression. In patients
with CKD, increased NLRP3 inflammasome
activation has been observed in various renal
cell types, including tubular epithelial cells, ma-
crophages, monocytes, and podocytes. It pri-
marily accelerates CKD progression and relat-
ed complications through the NLRP3/IL-1B
(Interleukin-1 beta)/IL-18 signaling axis [13].
This concept is supported by multiple experi-
mental studies. For instance, compared with
control mice, NLRP3 knockout mice exhibited
markedly attenuated renal tissue injury and
fibrosis 14 days after unilateral ureteral ob-
struction (UUO), accompanied by decreased
renal expression levels of caspase-1 and I-18
[14]. Moreover, the NLRP3 inflammasome con-
tributes to CKD progression through other me-
chanisms, including induction of mitochondrial
dysfunction and pyroptosis [15, 16]. Recently,
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several studies have demonstrated that both
herbal monomers and compound TCM formula-
tions may exert renoprotective effects by sup-
pressing NLRP3 inflammasome activation [10,
17, 18].

Network pharmacology, an emerging discipline
based on disease-gene-drug target interaction
networks [19], provides a powerful framework
for exploring the biological mechanisms under-
lying TCM formulas. By analyzing compound-
target-disease relationships, this approach fa-
cilitates mechanistic interpretation and scien-
tific validation for TCM theories, enabling the
identification of bioactive constituents and re-
lated signaling pathways at the molecular level
[20]. It has become an increasingly comprehen-
sive and efficient strategy for characterizing
complex interactions among drugs, biological
system, organs, diseases, and target proteins
[21].

Cisplatin-induced animal models, typically es-
tablished through repeated intraperitoneal ad
ministration, are widely used and considered
reliable models for mimicking CKD progression
[22, 23]. These models provide a valuable exp-
erimental platform for evaluating potential ther-
apies for renal injury and disease progression.

Based on this background, this study employed
network pharmacology to identify potential th-
erapeutic targets and signaling pathways asso-
ciated with WPD. These predicted mechanisms
were then validated through experimental stud-
ies using a cisplatin-caused CKD mice model.

Materials and methods

Identification of active components and tar-
gets in WPD

The herbal components of WPD, including
Angelicae Sinensis Radix (Danggui), Zingiberis
Rhizoma (Ganjiang), Rhei Radix et Rhizoma
(Dahuang), Ginseng Radix et Rhizoma (Ren
shen), Glycyrrhizae Radix et Rhizoma (Gan Cao),
Radix Aconiti Lateralis Preparata (Fuzi), and
Natrii Sulfas (Mangxiao), were identified based
on the HERB database. Additional molecular
information, including SMILES structures and
molecular formulas, was retrieved from and
cross-validated using the PubChem database.

Candidate compounds were initially screened
according to the criteria of oral bioavailability
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(OB) = 30% and were then subjected to further
evaluation using SwissADME (http://www.swis-
sadme.ch/). Only compounds that simultane-
ously fulfilled the following two criteria were
retained as active ingredients: (1) High predict-
ed gastrointestinal absorption; and (2) Com-
pliance with at least three of the five drug-like-
ness filters (Veber, Egan, Muegge, Lipinski,
Ghose), with each criterion marked as “Yes”.

The potential protein targets of the retained
active components were predicted using Swi-
ssTargetPrediction. Only targets showing a non-
zero probability (probability > 0) were retained
as putative therapeutic targets.

Identification of CKD-related targets

CKD-related disease targets were collected
from three major databases: GeneCards, Ther-
apeutic Target Database (TTD), and Drugbank
database. The keyword “Chronic kidney dis-
ease” was used for database retrieval. For Ge-
neCards, targets with a relevance score > 10
were included. Duplicate targets were removed
after data integration.

Identification of overlapping targets

The intersection between WPD-related predict-
ed targets and CKD-associated disease targets
was identified using the Venny 2.1 tool. These
overlapping targets were considered potential
key targets responsible for the therapeutic
effects of WPD against CKD.

Construction of the PPl network

The overlapping targets were imported into
STRING database to generate protein-protein
interaction (PPI) network. The interaction score
was set to the highest confidence level (score >
0.900). Considering the large number of over-
lapping targets, the top 50 targets ranked by
degree centrality (defined based on the median
degree value) were selected for PPl network
visualization.

GO and KEGG enrichment analysis

The overlapping protein targets were standard-
ized into gene symbols using the UniProt data-
base. Gene Ontology (GO) and Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) enrich-
ment analyses were performed on the DAVID
database. The top 20 significantly enriched
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KEGG pathways and the top 10 significantly
enriched terms from the GO category were
selected for visualization.

Finally, a “Herb-Ingredient-Target” network in-
corporating the top 50 targets was constructed
using Cytoscape software to visualize the multi-
level interactions among WPD components,
active ingredients, and molecular targets.

Validation of the association between NLRP3
and CKD using public databases

Raw gene expression microarray data from the
dataset GSE30122 were retrieved from the
Gene Expression Omnibus (GEO) database.
Differential expression analysis was performed
to compare NLRP3 expression levels between
CKD patients and healthy controls. The diag-
nostic potential of NLRP3 for CKD was further
evaluated using receiver operating characteris-
tic (ROC) curve analysis, with the area under
the curve (AUC) calculated.

Identification of NLRP3-associated biological
pathways using gene set enrichment analysis
(GSEA) and gene set variation analysis (GSVA)

Data Processing: Raw microarray expression
data were normalized using the limma pack-
age., and genes were subsequently ranked acc-
ording to their differential expression levels
(log2 fold change) between the CKD and con-
trol groups.

GSEA: Gene set enrichment analysis was per-
formed using the GSEA software (version 4.3.2;
Broad Institute) based on the “Hallmark” and
“KEGG pathway” gene sets obtained from the
Molecular Signatures Database (MSigDB).

GSVA: The normalized expression matrix was
converted into a pathway activity score matrix
using the GSVA package (version 2.6.1) in R.
These pathway activity scores were then used
to evaluate differences in pathway activation
among samples.

Protein interaction network analysis of NLRP3
and correlation analysis with immune cell infil-
tration

The GeneMANIA online platform was employed
to construct a protein interaction network for
NLRP3. This analysis aimed to identify genes
associated with NLRP3 through co-expression,
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physical interactions, and other functional rela-
tionships, thereby predicting potential regula-
tory networks and biological functions.

To investigate the association between NLRP3
expression and immune cell infiltration, the fol-
lowing analyses were performed:

Quantification of immune cell infiltration: The
CIBERSORT algorithm (implemented in R pack-
age) was used to estimate the relative propor-
tions of 22 immune cell subtypes in each
sample.

Correlation analysis: Spearman correlation coe-
fficients were calculated to evaluate the rela-
tionship between NLRP3 expression levels and
the infiltration abundance of individual immune
cell populations.

Visualization of results: The linkET R package
was used to graphically display the correlation
results.

Mendelian randomization (MR) analysis

Data for the NLRP3 gene (ID: eqtl - a -
ENSG00000162711) were retrieved from the
IEU OpenGWAS database (https://gwas.mrcieu.
ac.uk/). Subsequently, the exposure dataset
were screened to identify suitable instrument-
al variables. First, single-nucleotide polymor-
phisms (SNPs) strongly associated with the
exposure factor were selected using a genome-
wide significance threshold of P < 5 x 108,
SNPs exhibiting linkage disequilibrium (LD)
were removed to ensure the independence of
instrumental variables. When two SNPs locat-
ed within the same region and showed strong
correlation, only the SNP with the highest sta-
tistical significance was retained. Linkage dis-
equilibrium SNPs were removed according to
kb = 10,000 and r2 = 0.001.

Weak instrumental variables, which exhibit in-
sufficient correlation with the exposure factor
or explain only a limited proportion of pheno-
typic variation, may introduce bias into MR
analyses. Therefore, the F- statistic was calcu-
lated for each instrumental variable, and SNPs
with an F-statistic > 10 were retained to mini-
mize the influence of weak instruments.

Outcome data for CKD were obtained from the
IEU database (https://gwas.mrcieu.ac.uk/).
Two-sample Mendelian randomization analysis
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was performed to evaluate the causal relation-
ship between NLRP3 and CKD using the Two-
SampleMR R package. Multiple MR approach-
es were applied, including the inverse-variance-
weighted (IVW) method, MR-Egger regression,
weighted median method, simple mode, and
weighted mode.

The MR results were interpreted as follows: @O
A statistically significant P value (< 0.05) in the
IVW analysis was considered evidence support-
ing a potential causal association between the
exposure factor and disease outcome, whereas
the results of other MR methods were primarily
used for consistency evaluation; (2 0dds ratios
(ORs) were calculated to estimate the effect
size, with OR > 1 indicating an increased risk
and OR < 1 indicating a protective effect.
Similarly, positive B coefficients indicated risk-
increasing effects, whereas negative B coeffi-
cients suggested protective effects (Table 1).

Animal experiment validation

Wenpi Decoction formula consists of seven her-
bal components: Rhei Radix et Rhizoma (rhu-
barb) 12 g; Angelicae Sinensis Radix (Chinese
angelica) and Zingiberis Rhizoma (dried ginger)
9 g each; and Ginseng Radix et Rhizoma (gin-
seng), Natrii Sulfas (mirabilite), Aconiti Lateralis
Radix Praeparata (prepared aconite root), and
Glycyrrhizae Radix et Rhizoma (licorice) 6 g
each.

For clinical administration as a decoction, the
total herbal concentration was 54 g per 300
mL, corresponding to 0.18 g/mL. The clinical
human dose was calculated as 54 g per 70 kg
body weight, i.e., 0.771 g/kg. The correspond-
ing mouse dose was converted using the stan-
dard body surface area-based interspecies
dose conversion method, resulting in an equiv-
alent dose of 7.02 g/kg.

For oral gavage in mice, the gavage volume was
set at 1 mL per 100 g body weight. Therefore,
the final concentration of the prepared solution
for gavage was 0.702 g/mL. Based on the dose
per unit body weight, the high-dose WPD con-
centration was prepared at 1.404 g/mL, where-
as the low-dose WPD concentration was pre-
pared by diluting the high-dose solution 4-fold,
resulting in a final concentration of 0.351 g/
mL.
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Table 1. Results of mendelian randomization analysis (MRresult.csv)

SNP

Exposure Outcome Method n) b S.E P OR

NLRP3 Chronic kidney disease MR Egger 20 0.0448011813165742 0.0215487688146645 0.0521839662580351 1.04581991069956
NLRP3 Chronic kidney disease Weighted median 20 0.0273916794830155 0.0109884928314051 0.0126754358002769 1.02777028046933
NLRP3 Chronic kidney disease Inverse variance-weighted 20 0.0216535891163648 0.00935552318337479 0.0206389601616561  1.02188972942557
NLRP3 Chronic kidney disease Simple mode 20 0.011955536330925 0.0192779210100437 0.542515050392366 1.01202728941917
NLRP3 Chronic kidney disease Weighted mode 20 0.0271821593729847 0.00960538029649721 0.0107026294173511  1.02755496448438

9034 Am J Transl Res 2026;18(10):9030-9047



Wenpi decoction alleviates cisplatin - CKD via NLRP3/caspasel

Table 2. Primer sequences

and stored for subsequent

experiments.

Gene Primer F 5’-3’ Primer R 5’-3’

36b4 GAAACTGCTGCCTCACATCCGG GCTGGCACAGTGACCTCACACG . .
Both kidneys were excised

Nirp3 ATCAACAGGCGAGACCTCTG GTCCTCCTGGCATACCATAGA

Klotho GGGACACTTTCACCCATCACT ~ ACGTTGTTGTAACTATCGCTGG
Collagen-l  TAAGGGTCCCCAATGGTGAGA  GGGTCCCTCGACTCCTACAT
Fibronectin ATGTGGACCCCTCCTGATAGT =~ GCCCAGTGATTTCAGCAAAGG

and weighed. One kidney was
fixed in 10% formalin, embed-
ded, and subsequently sec-
tioned for histopathologic-

Ngal TGGCCCTGAGTGTCATGTG CTCTTGTAGCTCATAGATGGTGC al examination and immuno-
Kim-1 ACATATCGTGGAATCACAACGAC ACTGCTCTTCTGATAGGTGACA histochemical (IHC) analysis.
I-1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG The remaining kidney tissue
Tnf-a CAGGCGGTGCCTATGTCTC CGATCACCCCGAAGTTCAGTAG was immediately snap-frozen
-6 CTGCAAGAGACTTCCATCCAG ~ AGTGGTATAGACAGGTCTGTTGG and stored in EP tubes for

Construction of a cisplatin-caused CKD mouse
model

All animal experiments were approved by the
Ethics Committee of Nanjing Integrated Tradi-
tional Chinese and Western Medicine Hospital
(Ethics N0.23276). A total of 24 mice were ran-
domly divided into four groups (n = 6 per group):
the control group (CON), cisplatin-induce CKD
model group (CDDP), cisplatin + low-dose WPD
group (WPD-L), and cisplatin + high-dose WPD
group (WPD-H).

Mice in the CDDP, WPD-L, and WPD-H groups
received intraperitoneal (i.p.) injections of cis-
platin at a dose of 8 mg/kg once per week for
four consecutive weeks. Mice in the CON group
received equivalent volumes of normal saline
via i.p. Starting from the day after the first cis-
platin injection, mice in the WPD-L and WPD-H
groups received daily oral gavage administra-
tion of WPD for eight weeks. The CON and
CDDP groups received equivalent volumes of
saline by oral gavage. Mice were monitored for
general health, and body weight was recorded
every week until study completion.

Sample collection

Mice were euthanized with pentobarbital sodi-
um (150 mg/kg, intraperitoneal injection) prior
to sample collection. After euthanasia, blood
samples were obtained, and serum was sepa-
rated and stored for subsequent biochemical
analyses.

Twenty-four-hour urine samples were collected
and processed for further analysis. After cen-
trifugation at low speed and low temperature to
remove debris, supernatants were collected
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molecular analyses.

Biochemical index assays

Blood urea nitrogen (BUN) serum creatinine
(SCr) Kim-1 and NGAL levels were measured to
evaluate renal function. Serum BUN and SCr
levels were detected using assay kits (Nanjing
Jiancheng Bioengineering Institute) according
to the manufacturer’s instructions. The concen-
trations of BUN and SCr were determined
based on the corresponding optical density
(OD) value.

Histological analysis

Fresh kidney tissues were collected and fixed in
paraformaldehyde. After fixation, the samples
were embedded, sectioned, and stained with
hematoxylin and eosin (H&E). The pathological
changes were subsequently observed under a
microscope. Images were captured using a
Nikon DS-U3 imaging system at 20x magni-
fication.

RT-gPCR

Total RNA was extracted using TRIzol reagent.
Next, cDNA was synthesized using PrimeScript
reverse transcriptase (TaKaRa) according to
the manufacturer’s instructions. Quantitative
PCR was performed on an ABI Sequence De-
tection system (Applied Biosystems, CA). Gene
expression levels were normalized to 36B4
RNA expression and calculated using the 2-44CT
algorithms. The primers are listed in Table 2.

Western blot analysis

Kidney tissues were lysed in RIPA buffer, and
protein concentrations were quantified using
a commercial protein quantification kit. Equal
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amounts of protein samples were denatured
by boiling for 5 min, separated by SDS-PAGE,
then transferred onto PVDF membranes. Sub-
sequently, the membranes were incubated with
corresponding primary antibodies at 4°C over-
night for 12 h, followed by incubation with HRP-
conjugated secondary antibodies. Protein sig-
nals were quantified using AlphaEaseFC soft-
ware (version 3.1.2, Alpha Innotech Corporation,
CA, USA). Primary antibodies against [B-actin
(Cat. No. 66009-1-Ig, 1:5,000 dilution), IL-1B
(Cat. No. 16806-1-AP, 1:1000 dilution), NLRP3
(Cat. No. 19771-1-AP, 1:1,000), and pro-cas-
pase-1 (Cat. No. 81482-1-RR, 1:2,000 dilution)
were purchased from Proteintech Group. Anti-
bodies against cle-Caspase-1 (Cat. No. AO964,
1:2000) were purchased from Santa Cruz
Biotechnology.

Statistical analysis

Statistical analyses were performed using
SPSS 22.0. Continuous data were presented as
mean + standard deviation (SD). Comparisons
between the two groups were performed using
independent-samples t-tests. Categorical data
were presented as frequencies and percentag-
es and analyzed using Pearson’s chi-square
test. Differences among multiple groups were
assessed using ANOVA followed by post hoc
LSD test. A two-sided P value < 0.05 was con-
sidered statistically significant.

Results

Network pharmacology analysis of WPD and
CKD-related targets

The active components and potential target
proteins of WPD were obtained from the HERB
Database(http://herb.ac.cn/). Based on the Ge-
necards, TTD, and Drugbank databases, 4,960
predicted CKD-related targets were identified.
According to the screening criteria of DL > 0.18
and OB > 30%, 248 active ingredients were
selected, corresponding on 1,157 potential tar-
gets (Tables S1, S2). After integration of com-
ponent-target relationships, 751 overlapping
targets were identified as candidate targets
associated with the therapeutic effects of WPD
on CKD (Figure 1A).

A “Herb-Active Ingredient-Target” interaction
network was constructed using Cytoscape
3.9.1 to visualize the interactions between
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WPD components and the top 50 candidate
targets (Figure 1B). The network demonstrated
that multiple components interact with multiple
targets, and vice versa. Moreover, a PPl based
on the top 50 candidate targets was construct-
ed using the STRING database (Figure 1C). The
results showed extensive interactions among
these targets. The top 10 core targets included
AKT, TNF, IL-6, ALB, SRC, IL-13, EGFR, CTNNB1,
STAT3, and HIF-1« (Figure 1D).

Functional enrichment analysis of CKD-related
targets

To further investigate the potential mecha-
nisms underlying the effects of WPD in CKD,
the 751 overlapping targets were subjected to
functional enrichment analysis. The top 30 sig-
nificantly enriched GO terms are presented in
Figure 2A. The enriched molecular functions
included identical protein binding, protein tyro-
sine kinase activity, and ATP binding. The
enriched cellular components include the plas-
ma membrane, cell surface, and cytosol. The
enriched biological processes were primarily
associated with protein phosphorylation, infla-
mmatory response, among other biological ac-
tivities (Figure 2A). Among the enriched path-
ways, the PI3K-Akt, MAPK, cAMP, Ras, Rapl
signaling pathways were closely associated
with CKD progression (Figure 2B).

Validation of the association between NLRP3
and CKD using public databases

The expression of NLRP3 was significantly high-
er in CKD patients than in healthy controls (P <
0.05). Moreover, ROC curve analysis demon-
strated that NLRP3 exhibited potential diagnos-
tic value for CKD, with an AUC of 0.665 (Figure
3).

Gene set enrichment analysis of NLRP3

Gene set enrichment analysis indicated that
NLRP3 was primarily associated with inflamma-
tion-related signaling pathways (Figure 4).

Interaction network analysis of NLRP3 and its
association with immune cell infiltration

As indicated by NLRP3-related interaction net-
work, NLRP3 was mainly involved in inflamma-
tory regulation and was closely related to im-
mune cell populations, particularly macropha-
ges and lymphocytes (Figure 5).
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Figure 1. Identification of common targets and network analysis. A. Venn diagram showing the overlapping target
genes between WPD and CKD; B. Herb-Active Ingredient-Target interaction network based on the top 50 candidate
targets; C. Protein-protein interaction (PPI) network of the top 50 overlapping targets constructed using the STRING
database; D. Bar chart showing the top 10 potential therapeutic targets identified from the PPI network.

Mendelian randomization analysis of the rela-
tionship between NLRP3 and CKD

To evaluate the potential correlation between
NLRP3 and CKD, two-sample MR analysis was
performed. A scatter plot was generated by
integrating the effects of SNPs on NLRP3
expression and CKD risk. Using the IVW meth-
od, the overall causal effect of genetically pre-
dicted NLRP3 expression on CKD was ass-
essed. The MR analysis suggested that NLRP3
may represent a risk factor for CKD (Figure 6).

Effect estimation of instrumental variables on
CKD risk: To evaluate the contribution of indi-
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vidual SNPs to CKD risk, a forest plot was gen-
erated (Figure 7). The IVW method was used to
estimate the overall effect of NLRP3 expres-
sion on CKD risk. SNPs located on the left side
of the null line represented protective effects,
whereas those on the right side indicated
increased risk.

MR Randomness Assessment: To assess
potential bias and the distributional symmetry
of SNP effects, a funnel plot was generated
based on [ coefficients and standard errors
(SEs) of individual instrumental variables
(Figure 8). The SNPs were roughly symmetri-
cally distributed around the IVW estimate, indi-
cating no apparent directional bias.
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Figure 3. Association Between NLRP3 and CKD. A. Comparison of NLRP3 expression levels between CKD patients
and healthy controls; B. Receiver operating characteristic (ROC) curve analysis evaluating the diagnostic perfor-

mance of NLRP3 for CKD.

Sensitivity analysis

To evaluate the robustness of the MR findings,
sensitivity analyses were performed, mainly
including heterogeneity assessment, horizontal
pleiotropy testing, and leave-one-out analysis.
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Heterogeneity test: In this MR analysis, two-
sample MR method integrates SNP-exposure
and SNP-outcome datasets from different
sources, leading to potential heterogeneity
among samples. Therefore, Cochran’s Q test
was performed using the mr_heterogeneity

Am J Transl Res 2026;18(10):9030-9047
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Figure 4. Gene set enrichment analysis of NLRP3-related pathways. A-D. Gene Set Enrichment Analysis (GSEA)
showing the pathways associated with NLRP3 expression; E, F. Gene Set Variation Analysis (GSVA) illustrating the

differences in pathway activity associated with NLRP3.

function in the TwoSampleMR R package. The
results are presented in Table 2. For NLRP3, all
Q_test P values were > 0.05, indicating no sig-
nificant heterogeneity among the included
instrumental variables (Table 3).
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Horizontal pleiotropy test: To evaluate the pres-
ence of confounding factors, horizontal pleiot-
ropy was assessed using the mr_pleiotropy_
test function in the TwoSampleMR R package.
The intercept test showed P values > 0.05, indi-
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pression and CKD risk based on mendelian randomization analysis.

cating no evidence of horizontal pleiotropy. In
addition, MR-PRESSO analysis was performed
using the mr_presso function. The MR-PRESSO
global test also showed no significant pleiotro-
pic effects (P > 0.05), further supporting the
robustness of the MR results (Table 4).

Leave-one-out analysis: To determine whether
any single SNP exerted a substantial influence
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on the overall causal estimate,
a leave-one-out analysis was
performed using the mr_lea-
veoneout function in the Two-
SampleMR R package. Each
SNP was sequentially removed,
and the pooled effect estimate
was recalculated using the IVW
method. The results remained
stable after removing individu-
al SNPs, with no substantial de-
viations from the overall esti-
mate (Figure 9).

Effects of WPD on cisplatin-
induced CKD

After 8 weeks of intervention,
mice in the CDDP group exhib-
ited a significant reduction in
body weight compared with
the CON group. WPD-H treat-
mentsignificantly alleviated bo-
dy weight loss induced by cis-
platin (P < 0.001) (Figure 10A).

'
0.5

Compared with the CON group, kidney weight in
the CDDP group was significantly reduced, indi-
cating kidney atrophy. Both the WPD-L and
WPD-H groups exhibited higher kidney weights
than the CDDP group (Figure 10B).

Serum BUN and Scr levels were significantly
elevated in the CDDP group compared with the
control group (P < 0.001). Both WPD-L and

Am J Transl Res 2026;18(10):9030-9047
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WPD-H treatments significantly reduced BUN
levels compared with the CDDP group (P <
0.001), while WPD-H treatment also significant-
ly decreased SCr levels (P < 0.01) (Figure 10C,
10D).

Histological analysis showed that the CDDP
group showed severe tubular injury and fibro-
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induced kidney fibrosis in CKD
mice

After 8 weeks of intervention,
the CDDP group exhibited the
most extensive renal fibrosis,
showing a significantly increa-
sed fibrotic area compared wi-
th the CON group (P < 0.001).
Both WPD-L and WPD-H treat-
ments significantly reduced re-
nal fibrosis compared with the
CDDP group (P <0.001) (Figure
11A). The expression levels of
fibrosis-related markers, fibro-
nectin and collagen-l, were
significantly increased in the
CDDP group compared with
the CON group (P < 0.001).
Both WPD-L and WPD-H treat-
ments significantly decreased
fibronectin and collagen-| lev-

°° els compared with the CDDP

R group (P < 0.05) (Figure 11B,
. 11C).
0.1
Comparison of renal NLRP3
inflammasome and inflamma-
tory mediators across inter-
vention groups

After 8 weeks of intervention, renal protein lev-
els of NLRP3, caspase-1, and cleaved cas-
pase-1 were significantly increased in the CDDP
group compared with the CON group (P < 0.05).
The WPD-H group exhibited significantly lower
expression levels of NLRP3, caspase-1, and
cleaved caspase-1 (p17) than the CDDP group
(P < 0.05) (Figure 12A, 12B). The mRNA levels
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Table 3. Results of the forward MR heterogeneity test

Outcome Exposure Method

Q Q_df Q_pval

NLRP3
NLRP3

Chronic kidney disease MR Egger

Chronic kidney disease

Inverse variance-weighted

21.559051940265 18
23.253703208605 19

0.252151281174507
0.226352039192401

Table 4. Horizontal pleiotropy

Outcome Exposure  Egger_intercept

S.E P value

Chronic kidney disease NLRP3 -0.008419158

0.00707794322714591

0.249700497058389
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of IL-1B, IL-6, TNF-&, and NLRP3 were obviously
elevated in renal tissue from the CDDP group
compared with the CON group (P < 0.05). Both
WPD-L and WPD-H treatments significantly
reduced renal NLRP3 mRNA levels compared
with the CDDP group (P < 0.01). Furthermore,
WPD-H treatment significantly decreased renal
mRNA levels of TNF-a and IL-6 compared with
the CDDP group (P < 0.05) (Figure 12C-F).

Discussion

WPD, a classical TCM formula, has been widely
applied in clinical practice and has demonstrat-
ed therapeutic efficacy in treating CKD and
digestive system disorders [11]. However, the
precise molecular mechanisms underlying the
effects of WPD on CKD remain unclear. Network
pharmacology offers an efficient and system-
atic approach to explore the potential thera-
peutic mechanisms of TCM formulas in treating

9042

del. WPD-treated mice exhibit-
ed elevated body weight main-
tenance, improved kidney fun-
ction, and reduced renal injury.
Renal fibrosis is a common
pathological feature of various
Kidney diseases and is closely associated with
progressive renal function decline. In this study,
WPD significantly attenuated renal fibrosis in
the CKD model mice, indicating its potential
protective effects against CKD progression.

0.04

Network pharmacology analysis revealed that
inflammation-related signaling pathways may
play an important role in WPD’s therapeu-
tic effects on CKD. Previous studies have dem-
onstrated the significant role of NLRP3 inflam-
masome in renal fibrosis, acute kidney injury
(AKI), and CKD progression [24-27]. Increased
NLRP3 expression has been reported in vari-
ous kidney disease models, including 5/6 ne-
phrectomy and cisplatin-induced renal injury
[28, 29]. Moreover, elevated NLRP3 expression
has been observed in renal biopsy specimens
from patients with both acute and chronic kid-
ney diseases [30]. These findings suggest that
NLRP3 inflammasome activation contributes to

Am J Transl Res 2026;18(10):9030-9047
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renal injury progression, whereas its inhibition
may alleviate renal damage. Therefore, target-
ing the NLRP3 inflammasome represents a pro-
mising therapeutic strategy for CKD treatment.

Our study reveals that WPD intervention in the
cisplatin-induced CKD model attenuated dis-
ease progression by suppressing the activa-
tion of the NLRP3/Caspase-1 pathway and
reducing the production of inflammatory cyto-
kines. These findings are consistent with previ-
ous studies demonstrating that UUO model
increases the expression levels of caspase-1,

9043

IL-1B, and IL-18, promoting NLRP3 inflamma-
some activation. Conversely, NLRP3 knockout
mice subjected to UUO exhibited reduced tubu-
lar injury and renal fibrosis [31]. Additionally,
studies using caspase-1 or NLRP3 knockout
mice have demonstrated alleviated kidney inju-
ry in ischemia-reperfusion-induced AKI models
[31, 32]. Evidence further suggests that NLRP3
deficiency protects against AKI by inhibiting
inflammation and ferroptosis [33].

WPD, a classical TCM formula composed of se-
ven herbs in specific proportions, is clinically

Am J Transl Res 2026;18(10):9030-9047
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used for treating acute and chronic kidney dis-
eases, as well as gastrointestinal disorders
such as constipation, intestinal obstruction,
and ulcerative colitis. Emerging evidence sug-
gests that WPD may regulate intestinal func-
tion, and alterations in gut microbiota may sup-
press NLRP3 inflammasome activation, there-
by improving renal fibrosis and renal function,
as well as slowing CKD progression [34-36].
Our study demonstrated that WPD intervention
significantly reduced the expressions levels of
inflammatory mediators, including IL-13, IL-6,
and TNF-a. Studies have also shown that inhibi-
tion of the NLRP3/IL-1p signaling pathway may
reduce CKD-related atrial fibrillation [37].
Furthermore, targeting IL-6 has been propos-
ed as a protective strategy against post-AKI
renal fibrosis by modulating the DNMT1/Wnt/
B-catenin axis, providing a potential therapeu-
tic approach for preventing AKI-to-CKD transi-
tion [38]. Experimental evidence also demon-
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strated that TNF-a inhibition improves protein-
uria, reduces inflammatory responses, decreas-
es tubular cell apoptosis, and attenuates renal
fibrosis in glomerulonephritis mouse models
[39].

Although this study provides valuable insights
into the mechanisms underlying the therapeu-
tic effects of WPD against CKD, several limita-
tions should be acknowledged. First, CKD can
result from diverse etiologies, including sepsis
and autoimmune diseases. Therefore, further
validation using additional CKD models is re-
quired to confirm the therapeutic targets and
efficacy of WPD beyond cisplatin-induced renal
injury. Second, current animal models cannot
fully replicate the complex pathological charac-
teristics of human CKD, and further validation
through randomized controlled clinical trials are
warranted. Finally, a comprehensive safety ass-
essment, including liver function evaluation,

Am J Transl Res 2026;18(10):9030-9047
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Figure 12. Effects of WPD on the renal NLRP3 inflammasome pathway and inflammatory cytokines after 8 weeks
of intervention. A, B. Representative Western blot images and quantitative analysis of renal NLRP3, caspase-1, and
cleaved caspase-1 (p17) protein levels; C. Renal NLRP3 mRNA levels; D. Renal IL-13 mRNA levels; E. Renal TNF-o
mMRNA levels; F. Renal IL-6 mRNA levels. Notes: "P < 0.05, "P < 0.01, P < 0.001 vs. CON group; while # vs. CDDP

group.

hematological analysis, potential side effects,
and long-term safety monitoring, should be
conducted in future studies.

Conclusion

This study integrated network pharmacology
analysis with experimental validation to investi-
gate the potential mechanisms underlying the
therapeutic effects of WPD against CKD. Our
findings demonstrated that WPD improved re-
nal function and alleviated renal fibrosis in a
cisplatin-induced CKD mouse model. These
renoprotective effects may be mediated, at
least partially, through inhibition of NLRP3/
Caspase-1 signaling pathway activation.
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