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Relevance of the pyroptosis‑related 
inflammasome drug targets in the Chuanxiong 
to improve diabetic nephropathy
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Abstract 

Background:  A chronic inflammatory disease caused by disturbances in metabolism, diabetic nephropathy (DN) is 
a chronic inflammatory disease. Pyroptosis is a novel form of programmed cell death in many inflammation-related 
diseases, including DN. Therefore, pyroptosis could be a promising target for DN therapy.

Methods:  To get the components and pharmacodynamic targets of Chuanxiong, we identified by searching TCMID, 
TCMSP, ETCM and HERB databases. Then, from the Molecular Signatures Database (MSigDB) and Gene Ontology (GO) 
database, pyroptosis genes were collected. Identification of critical genes in DN by bioinformatics analysis and then 
using the ConsensusClusterPlus package to divide the express data of diff genes into some subgroups with different 
levels of pyroptosis; the WGCNA machine algorithm was used to simulate the mechanism Chuanxiong improving DN.

Results:  In this study, we found DHCR24, ANXA1, HMOX1, CDH13, ALDH1A1, LTF, CHI3L1, CACNB2, and MTHFD2 
interacted with the diff genes of DN. We used GSE96804 as a validation set to evaluate the changes of APIP, CASP6, 
CHMP2B, CYCS, DPP8, and TP53 in four different cell proapoptotic states. WGCNA analysis showed that DHCR24, 
CHI3L1, and CACNB2 had significant changes in different cell proapoptotic levels. In the experimental stage, we also 
confirmed that the active ingredients of Chuanxiong could improve the inflammatory state and the levels of pyropto-
sis under high glucose.

Conclusion:  The improvement of DN by Chuanxiong is related to the change of pyroptosis.
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Background
Diabetic nephropathy (DN) is a significant compli-
cation of diabetes mellitus and is the most common 
cause of end-stage kidney failure (Wonnacott et  al. 
2022); it is characterized by glomerular hypertrophy, 

mesangial matrix accumulation, mesangial cell pro-
liferation, glomerular sclerosis, and proteinuria (Dai 
et  al.  2021a; Wang et  al.  2020; Yang et  al.  2022). As a 
microvascular response, DN is involved in the major-
ity regulation of inflammation and immunity (Li 
et al. 2020b; Zhang et al. 2022a). However, the mecha-
nism of inflammation regulation has not been deeply 
studied. In recent years, evidence supports cell pyrop-
tosis in the pathogenesis of DN inflammation. Further-
more, gasdermin D (GSDMD) stimulation of plasma 
membrane pore formation, cell expansion, and rapid 
lysis, as well as the production of proinflammatory 
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cytokine interleukin (IL)-1β and IL-18 (Burdette et al., 
2021; Rühl et al. 2018), which trigger a cellular inflam-
matory response, there are potential advantages to this 
approach in drug development.

The active ingredients of Chuanxiong include alka-
loid, tetramethylpyrazine (TMP), ferulic acid, can-
ola alcohol, octadecanoic acid, and so on (Wang 
et al. 2022b). TMP is one of the most important active 
components in Chuanxiong and has been used in 
oriental medicine for a long time to treat stroke and 
cardiovascular diseases (Zhang et  al.  2022b). Besides, 
TMP is a compound originally isolated from the rhi-
zome of Chuanxiong. Its remarkable vasodilation 
and antihypertensive effects also impact antioxida-
tion, correcting hypercoagulability and promoting 
vascular recanalization (Lin et  al. 2022). It has been 
reported that TMP can increase phosphorylated Akt 
(p-Akt) and B-cell lymphoma-2 (Bcl-2) and decrease 
the expression of  phosphorylated  glycogen synthase 
kinase-3β (p-GSK-3β), Bcl-2-associated X protein 
(Bax) and Cleaved caspase-3 by activating the Akt 
signaling pathway of Akt signaling (Rai et al. 2019; Zhu 
et al. 2022), improvement of metabolic markers of dia-
betes, and inhibiting of oxidative stress improved DN 
in rats. The damage of podocytes in a high glucose 
environment can affect the function of the glomerular 
capillary and lead to the destruction of renal function. 
Chuanxiong has been used as a vasoactive drug for a 
long time, with TMP as a representative. However, the 
mechanism of Chuanxiong affecting vascular activity 
is not precise. Our study will clarify this mechanism 
of Chuanxiong based on network analysis of Chuanx-
iong therapeutic targets to construct the relationship 
between DN and the regulation of inflammation-
related mechanisms of Chuanxiong and to further 
clarify the relationship between the improvement of 
inflammatory response and podocyte pyroptosis.

Methods
Collection of drug‑target data of Chuanxiong
The keywords "Chuanxiong" were searched in the 
TCMSP, TCMP, ETCM and HERB databases, with 
the target information of Chuanxiong was collected. 
We downloaded the GSE30122 and GSE96804 from 
the NCBI-GEO database. The GSE30122 of DN data 
was used as the experimental data set for this study; 
consisting of 9 glomerular samples from DN patients 
and 26 normal controls. Besides, GSE96804 consist-
ing of 41 glomerular samples from DN patients and 

20 normal controls. Using the “limma” R package to 
obtaining DN-related differential genes under the 
conditions of Logfoldchange = 1, adjust P = 0.05. In 
addition, by searching MSIGDB and Gene Ontology 
Database to collect pyroptosis genes.

Core target genes mediate protein‑protein interaction 
(PPI) networks
In this study, using protein-protein interaction in the 
STRING database to explain the interaction between 
the active chemical components of Chuanxiong and the 
core genes, cytoscape 3.7.2 software was used to opti-
mize the results.

Construct the DN model of different pyroptosis state 
groups
Consensus clustering is an unsupervised clustering 
method based on re-sampling to verify the rational-
ity of clustering. The primary purpose of this study is 
to evaluate the stability of clustering. Six focus-related 
genes, APIP, CASP6, CHMP2B, CYCS, DPP8 and TP53, 
were grouped, and K = 4 was the best number of clus-
ters. In addition, the rows and columns of the matrix 
represent samples, and the cluster analysis results are 
similarly distinguished by blue and white, with the 
correlation of the cluster score from 0(non-cluster) to 
1(cluster). The bar graph between the tree and the ther-
mograph is a separate category.

Co‑expression analysis
We used R (version 4.0.3, X64) software installed 
WGCNA package to analyze the co-expression of dif-
ferentially expressed genes. In the calculation, we use 
multi-thread work, set the power function index range 
to 1:20, calculate the dependency matrix: “ai, j = | Cor 
(i, J) | β,“ determine the best β value and then calcu-
late the module gene number according to the similar-
ity between two genes by topological overlap (TOM), 
then the hierarchical clustering analysis is carried out, 
through the transformation of the dissimilarity between 
genes for obtained the gene clustering tree. Meanwhile, 
in the dynamic hybrid cutting algorithm to cut the gene 
clustering tree, the number of genes in each cluster 
group is at least 50, so we can divide the identical genes 
into the same modules. Finally, we merge very similar 
modules through module exigencies (ME).

Western blot
Add the primary antibody and the corresponding sec-
ondary antibody under appropriate conditions. The 
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primary antibody was placed in a refrigerator at 4 °C 
overnight. After 24  h, the corresponding secondary 
antibody reaction was added for 2 h, followed by three 
times of intermittent washing with PBS solution. See 
previous research for details.

Quantitative real‑time polymerase chain reaction (qPCR)
Total RNA was extracted from renal cortical tissue 
using TRIzol reagent (Tiangen Biotech Co., Ltd., Bei-
jing, China) and reversely transcribed into cDNA using 
the First Strand cDNA Synthesis Kit (Tiangen Biotech 
Co., Ltd., Beijing, China). qPCR analysis was performed 
using the Heff TM qPCR SYBR® Green Master Mix Kit 
(Yepsen Biotech Co., Ltd., Shanghai, China) and a real-
time fluorescence quantitative PCR system (MA-6000, 
Molarray, Suzhou, China). The relative mRNA quantifi-
cation was calculated using the 2-ΔΔCt method. Target 
mRNA expression was normalized to the housekeep-
ing gene Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) and presented as fold change compared 
with the control group. Primer sequences are listed in 
Table 1.

Pyroptotic cell death assay‑lactate dehydrogenase (LDH) 
release assay
The LDH release was detected by CytoTox 96® Non-
Radioactive Cytotoxicity Assay (Promega Corporation, 
G1780, Madison, USA). According to the instruction, the 
substrate mixture was prepared by adding 50 mL to each 
sample pore Incubate the board at room temperature for 
30 min, away from light. The absorbance was measured 
at 490 nm with a microplate reader.

Cell transfection
The logarithmic human renal podocytes were seeded 
into 6-well plates and divided into miR-NC group and 
miR-NLRP3 group. NLRP3 knockdown vector sequences 
2638,3066, and 1208 were purchased from Gene Pharma, 
and sequences (5′-3′) are as follows:

NLRP3-2638  S:GCC​AGC​UGGAALUGU​UCU​ATT​

AS:UAG​AAC​AAU​UCC​AGC​UGG​CTT​

NLRP3-3066  S: GGC​UGU​AAC​AUU​CGG​AGA​
UTT​

AS: AUC​UCC​GAA​UGU​UAC​AGC​CTT​

NLRP3-1208  S:GUG​CAU​UGA​AGA​CAG​GAA​
UTT​

AS: AUU​CCU​GUC​UUC​AAU​GCA​CTT​

After transfection, the cells were cultured in high glu-
cose for 48 h and then collected for WB and q-PCR.

Statistical methods
All the data were expressed as means ± standard error 
of the mean (SEM). GraphPad Prism 6.0 software was 
used for statistical analysis. Comparisons between two 
groups were performed using Student’s t-test. One-
way analysis of variance (ANOVA) followed by Tukey’s 
post hoc test was performed when comparisons among 
multiple groups. Each experiment was repeated three 
times. A P value < 0.05 was considered statistically 
significant.

Results
Analyze the correlation between disease and drug target
DN is chronic microangiopathy caused by diabetes; 
inflammation and immune responses are vital regula-
tors that influence its development. Pyroptosis plays a 
regulatory role in diabetes-induced diseases as a form of 
necrotic apoptosis. This study, Uses GSE30122 samples 
to analyze the differential genes in DN (Fig. 1A). Mean-
while, targets of Chuanxiong active ingredients were col-
lected through ETCM, TCMID, TCMP, ZYCB, and other 
databases to determine the relationship between target 
drugs and diseases. The results indicate that DHCR24, 
ANXA1, HMOX1, CDH13, ALDH1A1, LTF, CHI3L1, 
CACNB2 and MTHFD2 may be involved in the regula-
tion of DN (Fig.  1B, C). Besides, for constructing the 
correlation between nine genes and glomerular pyropto-
sis genes. To evaluate the efficacy target of Chuanxiong 
and pyroptosis genes in glomerular cells by the Corrplot 
function. The above results suggest that nine genes are 
associated with the pyroptosis, which jointly affects the 

Table 1  Sequence of quantitative real-time polymerase chain 
reaction (qPCR)

Ollgo name Sequence Length (bp)

IL-1β Forward
Reverse

ttc gag gca caa ggc aca a
cca tca ttt cac tgg cga gc

19
20

NF-κB Forward
Reverse

gtc gca tcc aca gtt tcc ag
gca ttc agg tcg tag tcc cc

20
20

GAPDH Forward ggc acc act act tca gag acc 
aag g

25

Reverse aca cga ggg cac aga aag caa tag 24

NLRP3 Forward aag aca ggc agg cag cac aat g 22

Reverse ggc aga aga gga aag gag cac 
ata g

25

IL-18 Forward gac agg gaa gag gag gag atg 
aga g

25

Reverse gaa gca ggt gag agt aag cga 
agg

24
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occurrence and development of DN. As the top targets, 
CDH13, MTHFD2, ANXA1 and ALDH1A1 have 22 to 
26 genes involved in the regulation of pyroptosis by drug 
targets, respectively (Fig.  1D, E). Combined with our 
findings, there is a correlation between the drug target 
of Chuanxiong and the differential genes of DN. The pro-
tection of Chuanxiong to improve DN may be related to 
regulating cell pyroptosis.

Chuanxiong influences pyroptosis to improve DN
As a type of inflammatory death, studies have shown that 
microvascular lesions, including DN, are regulated by an 
inflammatory response involving complement activation 
and immune response. The relevant evidence indicated 
that the active components of Chuanxiong could pass 
TLR4/TRAF6/ NF-κB/NLRP3/Caspase-1 and TLR4/Cas-
pase-8/Caspase-3 signal pathway to improve the state of 
cell pyroptosis, which proves that Chuanxiong can regu-
late the process of cell pyroptosis. To simulate whether 
the regulation of DN by Chuanxiong. GSE96804 investi-
gated DN’s pathological mechanism, including standard 

controls (20) and DN (41). According to the expression of 
6 focused genes (APIP, CASP6, CHMP2B, CYCS, DPP8 
and TP53) by cluster plus algorithm, we divided the 
DN samples of GSE96804 into four subgroups (Fig.  2A, 
B). Furthermore, DHCR24, ANXA1, HMOX1, CDH13, 
ALDH1A1, LTF, CHI3L1, CACNB2, and MTHFD2 in dif-
ferent pyroptosis states of the disease. The results showed 
that the target sites (DHCR24, CHI3L1, CACNB2) of 
Chuanxiong differed in different groups (Fig. 2C–E).

Chuanxiong has a pyroptosis regulatory target for DN
During the analysis, the target sites of Chuanxiong. 
DHCR24, CHI3L1, and CACNB2 take into the regulation 
of DN, but the mode of regulation was not transparent. 
Besides, WGCNA was used to analyze the regulatory 
relationship of DHCR24, CHI3L1, and CACNB2 in four 
subgroups with different cell scorch levels (Fig.  3A–D); 
there was a network of interaction between the sub-
section  1 and 2, and the standard control in the brown 
module and the Sapphire module. The target sites of DN 
were DHCR24, CHI3L1, and CACNB2 (Fig. 3E–G); this 

Fig. 1  A Diff genes of DN by using the limma package (LogFC = 1, P < 0.05); B, C screening of drug target gene; D drug and disease target 
interaction for DN; E the 9 drug target genes were sequenced according to the number of correlation degree with pyroptosis genes *P < 0.05; 
**P < 0.01; ***P < 0.001
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further confirmed that the drug and disease target net-
work of Chuanxiong and DN could play a protective role 
in the improvement of cell pyroptosis.

Pyroptosis is a potential target of Chuanxiong 
for improving DN
Analysis of transcriptome data of target genes of 
active components of Chuanxiong and drug efficacy 
provided an essential link for improving the regula-
tion of DN. Rundong Jiang confirmed that TMP, the 
active ingredient of Chuanxiong, can inhibit NF-κB/
NLRP3/Caspase-1 signaling and improve and pyrop-
tosis of macrophages, which indicates that Chuanxiong 
can improve the process of inflammatory response. 
Studies propose that the effector protein of pyrop-
tosis is GSDMD, and Caspase1 is involved in regulat-
ing inflammation in regulating pyroptosis. In this part 
of the demonstration experiment, the high-glucose 

environment can accelerate the release of LDH when 
podocyte injury (Fig. 4A). Chuanxiong intervention can 
prohibit GSDMD up-regulated lead by high glucose, 
with Caspase1 activated (Fig. 4C, J, K); when Caspase1 
activation can affect the membrane pores GSDMD. 
Formation promotes the release of IL-18, and TMP 
helps to slow down this process (Fig.  4B, G). There is 
related to changes in the pyroptotic state. Moreover, 
to interpret the pharmacological effect of Chuanxiong 
on mitigation injury to combine with DN. Then, in the 
high glucose state, the structure of podocytes is dam-
aged, and the expression of the membrane structural 
protein Nephrin is significantly down-regulated.

After high glucose intervention in podocyte, we found 
that Nephrin expression was improved concentration-
dependent by TMP intervention (Fig. 4B, I). Our study 
detected the expression of resident inflammatory initia-
tor IL-18 in macrophages and found that the expression 

Fig. 2  A, B Grouping the validation dataset based on the expression of DN-related pyroptosis genes; C–E analysis of differential gene expression in 
different pyroptotic status groups. *P < 0.05; **P < 0.01;***P < 0.001.
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Fig. 3  A–D WGCNA algorithm sifted out DHCR24, CHI3L1, and CACNB2, which have mutual relations; E–G the interaction network of DHCR24, 
CHI3L1, and CACNB2 with modular genes. *P < 0.05; **P < 0.01; ***P < 0.001.
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Fig. 4  A LDH releases after podocyte injury under a high glucose environment; B–D evaluation of the improvement of pyroptosis and 
inflammatory cellular state by the active ingredient of Chuanxiong; E–K statistical analysis of pyroptosis and inflammation-related protein 
expression. *P < 0.05; **P < 0.01; ***P < 0.001.
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of IL-18 was associated with the activation of NF-κB 
signaling. Under the same high glucose environment, 
damage to the podocyte brings about the up-regulated 
expression of IL-18. p-P65 increased in podocytes 
induced by high glucose (Fig.  4D, E), suggesting that 
high glucose can cause podocyte inflammation.

TMP, an active component of Chuanxiong, inhibits 
the phosphorylation of NF‑κB protein and affects podocyte 
pyroptosis
The results showed that NLRP3 increased in the podo-
cytes under a high glucose environment and decreased 
concentration-dependent after TMP intervention. 
The effect of TMP was most significant at the dose of 
40 mg/L, while that of TMP at the dose of 80 mg/L was 
most significant. NLRP3 elevation allows for the emer-
gence of a drug toxic effect that increases the inflam-
matory response (Fig.  5A). NF-κB did not change 
significantly at the transcriptional level (Fig.  5B), which 
is consistent with previous protein findings that NF-κB 
is not activated at the transcriptional level. In contrast to 
repressed expression at the transcriptome level, NF-κB 
was phosphorylated to p-P65 at the protein level; after we 
intervened with TMP, p-P65 expression was significantly 
reduced in the range of 40–80  mg/L concentrations. 
It can therefore be hypothesized that NF-κB interacts 
with NLRP3 at the protein level, resulting in phospho-
rylation of NF-κB at the protein level being activated to 
p-P65. Thus, regulation of IL-1β and IL-18 further trig-
gers GSDMD-mediated inflammatory cell necrosis lead-
ing to pyroptosis production; at the same time, TMP 
intervention can ameliorate NLRP3-mediated apopto-
sis. Besides, the expression of NLRP3, IL-1β and IL-18 
were significantly down-regulated by TMP or at NLRP3 

silent expression podocyte model (P < 0.05) (Fig. 6A–C); 
NLRP3 expression was significantly repressed compared 
with the high glucose model group (Fig. 6D). When the 
NLRP3 silent expression model was constructed, the 
expression of GSDMD, IL-1β and IL-18 protein (Fig. 6E) 
was significantly down-regulated. After TMP interven-
tion, IL-1β and IL-18 decreased most significantly at 
the TMP concentration of 60 mg/L (Fig. 5C, D), and the 
effect was most significant at the TMP dose of 40 mg/L; 
the results indicated that the concentration of TMP 
60  mg/L could significantly improve the inflammatory 
reaction of podocytes induced by high glucose.

Discussion
Chuanxiong has anti-inflammatory, analgesic, anti-
thrombotic, promoting vasodilation, asthma, anti-respir-
atory depression, anti-fibrosis, anti-obstructive diseases, 
anti-tumor, and other effects (Chen et al. 2018; Lin et al. 
2022). In this study, phthalide compounds, TMP, and 
ferulic acid have the most extensive and robust effects 
among these active ingredients by using the Traditional 
Chinese Medicine (TCM) database. We used Consen-
susClusterPlus to construct the correlation between the 
drug targets of Chuanxiong and cell pyroptosis. Besides, 
WGCNA was used to evaluate the degree of pyroptosis 
in the high glucose model. It is a hypothesis that Chuanx-
iong pharmacodynamic targets. e.g., DHCR24, CHI3L1, 
and CACNB2 can regulate DN’s progress. We found 
that DHCR24, CHI3L1, and CACNB2 can participate 
in pyroptosis-related signaling molecules, suggesting 
that Chuanxiong might potentially affect the pyroptotic 
state of cells, thereby inhibiting the development of the 
disease.

Fig. 5  A–D To evaluate the improvement effect of Chuanxiong active components on inflammatory factors at transcription level. *P < 0.05; 
**P < 0.01; ***P < 0.001
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Fig. 6  A–C NLRP3-silence podocyte model construction, NLRP3, IL-1β, and IL-18 gene expression profiles after TMP intervention and NLRP3 
knockdown models; D, E TMP at a relatively optimal concentration of intervention or NLRP3 silence; The expression of GSDMD, NLRP3, IL-1β and 
IL-18. F-I: the protein expression of GSDMD, NLRP3, IL-1β, and IL-18 were analyzed statistically. *P < 0.05; **P < 0.01; ***P < 0.001
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Furthermore, during the experiment, under the high 
glucose environment in vitro, we selected TMP, the active 
ingredient of Chuanxiong, for verification. Nephrin 
expression was concentration-dependent with TMP 
intervention; in our study, we detected the expression of 
macrophage resident inflammatory initiator IL-18 and 
found that the expression of IL-18 was associated with 
the activation of NF-κB signaling. After TMP interven-
tion, the expressions of IL-18 and phosphorylated p65 
were significantly down-regulated. This evidence indi-
cates that the protective effect of Chuanxiong on DN is 
related to the improvement of the inflammatory state, of 
which the improvement of pyroptosis is a possible way.

DN is glucose-driven pathogenesis that occurs in the 
kidneys of people with diabetes. Pyroptosis occurs only 
when the excess glucose flux, advanced glycation end 
products (AGEs), and Reactive Oxygen Species (ROS) 
play critical roles, either as an inducer of the inflamma-
some or as a signaling pathway regulator (An et al. 2020; 
Lin et al. 2020; Liu et al. 2021; Tricò et al. 2022). Among 
the various inflammasomes that induce Pyroptosis, 
NLRP3 has been the most extensively investigated DN. 
High glucose can speed up the Toll-like receptor (TLR) 
2 and TLR4, NLRP3 activate the upstream PRR (Wu 
et al. 2022). Likewise, Stimulation of TLR2 and TLR4 is 
critical for NLRP3 activation (Tan et  al.  2022). Besides, 
as we all know, thioredoxin-interacting protein (TXNIP) 
belongs to the thioredoxin system. It can bind to thiore-
doxin (TRX), reducing the inhibitory effect of TRX on 
oxidative stress. TXNIP action is critical for NLRP3 
activation and destructive cellular responses to multiple 
DAMPs, including pyroptosis (Vo et  al. 2021). Diabetic 
kidneys show elevated TXNIP expression, and inhibition 
of TXNIP attenuates high glucose-induced renal injury, 
positioning TXNIP as a potential target for DN therapy 
(Dai et al. 2021b; Wang et al. 2022a). ROS has been rec-
ognized as a standard signal for NLRP3 activation and 
can activate NLRP3 through different pathways (Tang 
et  al.  2017; Wu et  al.  2021), of which the NF-κB path-
way is the most widely studied. Activating the NF-κB 
signal mediated by ROS can lead to NLRP3 inflammas-
omes efficiently oligomerizing form. In DN, inhibition 
of the ROS/NF-κB/NLRP3 pathway appears to reduce 
inflammation and control the development of progres-
sive kidney damage (Xu et  al.  2021). In addition, endo-
plasmic reticulum (ER) stress is another trigger of the 
NLRP3 inflammasome. Hyperglycemia induces ER stress 
in podocytes, tubular epithelial cells, and mesangial 
cells (Hong et  al.  2019). Upon activation, NLRP3 drives 
inflammatory responses by processing Caspase-1, IL-1β, 
and IL-18, contributing to DKD progression (Tang and 
Yiu 2020).

Recent research showed that the knockdown of NLRP3 
could inhibit the growth and invasion of glioma cells 
(Xue et  al.  2019), along with the decrease of IL-1β and 
NF-κB, indicating a positive correlation between NLRP3 
and NF-κB. Blocking NF-κB attenuates IL-1β and NLRP3 
overexpression and increases cell growth and inva-
sion, and NLRP3 promotes glioma growth and invasion 
through IL-1β/ NF-κB P65 signaling (Wang et al. 2019). 
Besides, inhibiting NLRP3/caspase-1-mediated pyrop-
tosis attenuates pathological changes in diabetic kidneys 
(Wang and Zhao 2021), suggesting its therapeutic poten-
tial in DN. Pyroptosis of different kidney-resident cells 
contributes to the development of DN.

Disruption of the glomerular endothelium alters the 
selective permeability of the glomerulus and occurs in the 
early stages of DN. Using confocal microscopy, research-
ers observed partial colocalization of NLRP3 or Cleaved 
caspase-1 in glomerular endothelial cells in kidney tis-
sue sections from diabetic patients or mice (Shahzad 
et al. 2015). Studies have shown that high glucose inter-
vention cuts off the N terminal of GSDMD, gradually 
forms membrane pores, and causes the release of pyro-
gen, a process that plays a role in inflammatory diseases, 
such as glomerular endothelial cells are damaged. Stud-
ies have shown that cell pyromorphite may be an effec-
tive mechanism of podocyte loss (Han et al. 2021). When 
Knocking down TXNIP or inhibiting NADPH oxidase, 
ROS negatively control NLRP3 activation and attenu-
ate glucose-induced podocyte injury (Abais et  al.  2013; 
Song et al. 2019). Besides, Liu et al. found that enhancing 
caspase-1 activity could elevate IL-1β and IL-18 levels in 
podocytes exposed to high glucose (Liu et  al.  2019; Liu 
et al. 2018). Li et al. detected the N terminal of GSDMD 
in high glucose-damaged, a marker for diabetic podo-
cytes (Li et al. 2020a). Thus, findings provide non-classi-
cal pyrolytic pathways can participate in podocyte injury.

TMP has the pharmacological properties of vasodila-
tion and anti-inflammation. However, there is very little 
research on the pharmacological mechanism of Chuanx-
iong, especially for the protection of DN. The analysis 
of chemical and bioactive components of Chuanxiong 
originated in the 1930s. Some components belong 
to these three main chemical groups: alkaloids, phe-
nolic acids, and phthalides. Among these components, 
TMP and ferulic acid are the most representative com-
ponents of the function and structure of Chuanxiong 
(Wang et  al.  2022c). In recent years, with the develop-
ment of pharmacokinetics, the properties of Chuanxiong 
have also been widely studied. In  vivo, TMP increases 
endothelial cells’ Ca+ concentrations, which may trig-
ger eNOS expression, increase NO levels and improve 
vasospasm (Wang et  al.  2022c; Zhou et  al.  2020). This 
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study potentially reveals that TMP can affect the expres-
sion of cellular inflammatory factors, thereby exerting a 
protective effect on vascular lesions, such as endothelial 
cell lesions. DN is a microvascular disease, and glomeru-
lar disease is the leading disease form. Endothelial cells 
and podocytes are involved in the regulation of glomeru-
lar function. In this study, based on a machine-learning 
algorithm, it was found that DHCR24, CHI3L1, and 
CACNB2, the pharmacodynamic targets of Chuanxiong, 
can regulate the expression network. In pyroptosis evalu-
ation, DHCR24, CHI3L1, and CACNB2 are pyroptosis-
related signal initiation molecules. Furthermore, TMP 
could affect podocytes’ pyroptosis and inflammatory 
cellular state. This evidence confirmed that Chuanxiong 
affects the occurrence of pyroptosis and then regulates 
the progression of inflammation, and the process may be 
related to the targets of Chuanxiong DHCR24, CHI3L1, 
and CACNB2.

In this study, a new method, a machine learning algo-
rithm, is used to predict the pharmacological action of 
Chuanxiong. It is significant to explore the new mecha-
nism of the pharmacological action of Chuanxiong. We 
anticipate more evidence, including new tools such as 
pharmacology and artificial intelligence, to support 
focus as a new drug target.

Conclusion
Machine learning algorithm reveal targets of Chuanx-
iong DHCR24, CHI3L1, and CACNB2 can affects the 
occurrence of pyroptosis and then regulates the pro-
gression of inflammation.
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