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Sciences, Beijing, China
Background: Xuebifang (XBF), a potent Chinese herbal formula, has been

employed in managing diabetic peripheral neuropathy (DPN). Nevertheless, the

precise mechanism of its action remains enigmatic.

Purpose: The primary objective of this investigation is to employ a

bioinformatics-driven approach combined with network pharmacology to

comprehensively explore the therapeutic mechanism of XBF in the context

of DPN.

Study design and Methods: The active chemicals and their respective targets of

XBF were sourced from the TCMSP and BATMAN databases. Differentially

expressed genes (DEGs) related to DPN were obtained from the GEO

database. The targets associated with DPN were compiled from the OMIM,

GeneCards, and DrugBank databases. The analysis of GO, KEGG pathway

enrichment, as well as immuno-infiltration analysis, was conducted using the R

language. The investigation focused on the distribution of therapeutic targets of

XBF within human organs or cells. Subsequently, molecular docking was

employed to evaluate the interactions between potential targets and active

compounds of XBF concerning the treatment of DPN.

Results: The study successfully identified a total of 122 active compounds and

272 targets associated with XBF. 5 core targets of XBF for DPN were discovered

by building PPI network. According to GO and KEGG pathway enrichment

analysis, the mechanisms of XBF for DPN could be related to inflammation,

immune regulation, and pivotal signalling pathways such as the TNF, TLR, CLR,

and NOD-like receptor signalling pathways. These findings were further

supported by immune infiltration analysis and localization of immune organs

and cells. Moreover, the molecular docking simulations demonstrated a strong

binding affinity between the active chemicals and the carefully selected targets.
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Conclusion: In summary, this study proposes a novel treatment model for XBF in

DPN, and it also offers a new perspective for exploring the principles of traditional

Chinese medicine (TCM) in the clinical management of DPN.
KEYWORDS

Xuebifang, diabetic peripheral neuropathy, bioinformatics, network pharmacology,
traditional Chinese medicine
1 Introduction

Diabetic peripheral neuropathy (DPN) ranks among the most

common complications of diabetes mellitus (DM). It refers to the

aberration in sensory, motor, and autonomic functions of the

peripheral nervous system, resulting from diffuse and focal

neurological damage. The initial symptoms of DPN may

comprise numbness, tingling or burning sensations, and severe

pain, usually affecting the toes and symmetrically distributed (1). In

the advanced stages of disease progression there are often numerous

complications ranging from recurrent lower limb infections, ulcers

and even amputations (2). Presently, the mechanism underlying

DPN remains incompletely elucidated, with identified connections

to neuronal inflammation, oxidative stress, and mitochondrial

dysfunction. Aside from glycemic control, symptomatic relief

stands as the sole recourse for the painful manifestations of DPN,

yet falls short of an ideal solution, Opioids commonly used in

clinical practice, such as tramadol and tapentadol, along with

alternative opioid options, demonstrate short-term effectiveness in

pain reduction for patients with diabetic peripheral neuropathy

(DPN). Nevertheless, extended opioid use poses notable risks,

including dependence, overdose, and potentially fatal

consequences (3–5).

Traditional Chinese Medicine (TCM) encompasses enormous

potential to prevent and treat complex and intractable illness

including metabolic diseases, autoimmune diseases, and painful

disorders (6, 7). The Xuebifang (XBF) Decoction is a combination

of Astragali Radix (Huangqi in Chinese), Cinnamomi Ramulus

(Guizhi in Chinese), Spatholobi Caulis (Jixueteng in Chinese),

Paeoniae Radix Alba (Baishao in Chinese), Polygoni Multiflori
eral neuropathy; DEGs,

n Omnibus; GO, Gene

Genomes; DC, degree

centrality; TNF, Tumor

e proliferator-activated

trix metalloproteinase-9;

ix (Huangqi in Chinese);

tholobi Caulis (Jixueteng

hinese); SWT, Polygoni

rhizae Radix (Gancao in

02
Caulis (Shouwuteng in Chinese), and Glycyrrhizae Radix (Gancao

in Chinese), which is derived from a classic TCM prescription

Huangqi Guizhi Wuwu Decoction (HGWD). Numerous clinical

studies have substantiated that HGWD can alleviate clinical

symptoms and enhances neuronal function in DPN patients (8).

In a prior investigation conducted by our research team, the co-

administration of XBF and aconite demonstrated notable alleviation

of severe neuropathic pain in DPN individuals, with no reported

adverse events throughout the treatment duration. Simultaneously,

a significant reduction in 2-hour blood glucose levels was observed

in the patient cohort (9). As modern pharmacology advances, there

is an ongoing exploration into the mechanism of action of XBF.

Based on previous studies on HGWD and XBF, it’s suggested that

XBF treatment may involve amelioration of neuronal function and

blood glucose reduction, and the underlying mechanism is needed

to be discovered.

Network pharmacology, as one of the most advanced research

methods, has achieved remarkable progress in elucidating the

principles of TCM prescriptions, identifying effective active

chemical compounds, and pinpointing therapeutic targets of

TCM (10, 11). With the recent convergence of bioinformatics,

computational prediction-based network pharmacology has

emerged as a powerful methodology to systematically unravel the

biological mechanisms of complicated diseases and pharmaceutical

effects from the molecular level (12). In this study, a combination of

network pharmacology, bioinformatics, and molecular docking

methods was employed to predict the primary bioactive

chemicals, potential therapeutic targets, and signaling pathways of

XBF in treating DPN. The aim is to offer a foundation and reference

for understanding the potential therapeutic mechanism of XBF in

managing DPN. The whole process of this study is shown

in Figure 1.
2 Materials and methods

2.1 Screen the active ingredients and
targets of XBF

The active compounds of BS, GC, HQ, GZ, and JXT were

obtained from the TCMSP database(TCMSP: https://tcmsp-e.com),

applying the criteria of Oral Bioavailability (OB) ≥ 30% and drug-
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like properties (DL) ≥ 0.18 (13). The active compounds of SWT

were sourced from the BATMAN database (14). Subsequently, we

utilized the TCMSP database and PharmMapper to identify the in

vivo targets of the active compounds from Chinese herbal chemicals

(15). The target names were mapped to gene names using the

UniProt database (https://www.uniprot.org) (16). To explore the

scientific and rational relationship between the effective chemicals

in Chinese herbal medicine and their target genes, we constructed

and visualized the TCM compound-target gene network using

Cytoscape 3.9.1.
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2.2 Collecting targets of DPN

Therapeutic targets were identified by querying the OMIM

(https://omim.org.2020-11-14), Drugbank database (Drugbank,

https://www.drugbank.ca/.2020-11-14) (17) and GeneCards

platform (https://www.genecards.org/) (18) with “DPN” and

“diabetic peripheral neuropathy” as keywords. The obtained

results are subsequently converted into gene names using the

UniProt database. Finally, we obtained the DPN target by

removing duplicate genes.
FIGURE 1

The workflow of the network pharmacological investigation strategy of XBF for DPN includes four parts: database preparation, network construction,
GO and KEGG pathway analysis, and molecular docking validation.
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2.3 Screen of DPN DEGs

To assess the mRNA expression of DPN and healthy

individuals, we conducted an integrated query of gene expression

data sets from the GEO database (www.ncbi.nlm.nih.gov/geo/).

(GSE95849). We utilized the SVA and limma packages in R for

batch correction and to identify differentially expressed genes

(DEGs). The screening conditions for DEGs were p-value < 0.05

and |log2(foldchange)| > 1. Data visualization was accomplished

using the ggplot2 and pheatmap packages in RStudio.
2.4 XBF acts on the DPN target

Disease targets retrieved from the Genecards, OMIM, and

Drugbank databases were merged with DEGs obtained from the

GEO database. Subsequently, this combined dataset underwent

screening to identify targets present in at least two databases.

These overlapping targets were then compared with the known

XBF action targets to identify potential targets through which XBF

may exert its therapeutic effects in the context of DPN.
2.5 Protein-protein interaction network of
common targets

We uploaded a list of common targets for Homo sapiens to the

STRING database and obtained a TSV file of protein-protein

interactions, which we used to construct a network in Cytoscape

3.9.1[7]. To identify hub genes, we applied the cytoHubba plugin

and calculated the degree centrality (DC), betweenness centrality

(BC), and closeness centrality (CC) parameters. We employed three

methods to determine the central gene: (1) identification of the top

10 genes with significant overlap among the three parameters; (2)

cluster analysis using the MCODE plugin to generate highly

connected sub-networks; and (3) filtering the core network using

an average degree value greater than twice. By employing our

approach, we can pinpoint key genes in the network that likely

play a significant role when XBF interacts with the human body.
2.6 The analysis of GO and KEGG

In order to reveal the potential role of XBF and its impact on

DPN, we conducted GO and KEGG enrichment analyses using R,

and the results were visualized with a significance threshold set at

p ≤ 0.05. Furthermore, we performed KEGG enrichment analysis

for DEGs using R language, and the outcomes were also visualized.
2.7 Molecular docking

Based on the herb-compound-target network, we identified 6

core components of XBF and further validated their potential

therapeutic targets through molecular docking with 5 hub genes.

The PubChem database was utilized to obtain the PubChem ID and
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3D chemical structures, which were then converted to mol2 format

using Open Babel (19). Protein crystal structures were obtained

from the Protein Data Bank (PDB) (20), and were processed using

PYMOL by dehydration, hydrogenation, and conversion to pdbqt

format for molecular docking using Autodock tools software. The

results of molecular docking were visualized using PYMOL, and the

binding energies were utilized to screen the most promising

chemical components of XBF for the treatment of DPN. In this

screening process, we adhere to the principle that a reduced binding

energy value signifies a more potent binding interaction between

the ligand and receptor.
3 Results

3.1 Unraveling the bioactive constituents
and putative molecular targets of XBF

We obtained a total of 144 active chemicals of XBF from the

TCMSP database and the BATMAN database, which yielded 122

active ingredients and 272 gene symbols of XBF after removing

duplicates (Supplementary Tables S1, S2). Using a Venn diagram,

we showed the distribution of active chemical components in each

herb of XBF (Figure 2A). Subsequently, we utilized Cytoscape 3.9.1

software to construct a TCM compound-target gene network map,

in which quercetin, kaempferol, beta-sitosterol, formononetin,

i sorhamnet in , and ca lycos in were ident ified as key

nodes (Figure 2B).

To identify DEGs associated with DPN, we compared gene

expression levels between normal and DPN patient groups and

identified 3922 up-regulated genes and 1602 down-regulated genes,

which are presented in a heatmap of the top 50 DEGs (Figures 3A,

B; Supplementary Table S3).

We collected 14 DPN-related targets from the Drugbank

database, 348 related targets from the OMIM database, and 5195

related targets from GeneCards (Supplementary Table S4). To

identify potential therapeutic targets for XBF, we intersected the

DEGs with disease targets obtained from each of the three disease

databases. We retained targets that appeared in at least two of the

databases and overlaid them with the targets of XBF. By

implementing this strategy, we identified a total of 81 putative

targets (Supplementary Table S4).
3.2 PPI network

In order to delve into the potential mode of action of XBF on

DPN, we constructed a PPI network comprising 81 putative targets

using the STING database. We analyzed the resulting TSV files with

Cytoscape software and identified a network consisting of 81 nodes

and 780 edges, with median values of 19.259, 0.536, and 0.012 for

degree centrality (DC), closeness centrality (CC), and betweenness

centrality (BC), respectively (Figure 4A). Through topological

analysis, we filtered the core PPI network using a criterion of

greater than 2 times the median DC, which yielded 9 core targets

(Figure 4B). Additionally, we used the CytoHubba plugin of
frontiersin.org
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Cytoscape to identify the top 10 targets based on DC, BC, and CC

separately, and identified the intersection of the three parameters as

the core targets (Figures 4C–E). Finally, we utilized the MCODE

plugin to perform clustering analysis and generate highly connected

sub-networks (Figure 4F).
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3.3 GO enrichment analysis

To gain deeper insights into the action principle of XBF in

treating DPN, we conducted GO enrichment analysis on the 81

cross targets. Our analysis revealed 1598 biological processes (BP),
A B

FIGURE 3

DEGs related to DPN in the GEO dataset. (A) Volcano map of DEGs related to DPN (GSE95849). (B) Heat map of DEGs related to DPN (GSE95849).
A

B

FIGURE 2

Screening of XBF active compounds and targets. (A) Venn diagrams showing numbers of active compounds in each herb of XBF. The Light cyan is
HQ (17 compounds), Baby pink is GZ (6 compounds), cyan is GC (88 compounds), purple is BS (8 compounds), pink is SWT (2 compounds),
heliotrope is JXT (23 compounds). (B) Herb–compound–target network. The network of the relationship between the active ingredients and the
targets of XBF.
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107 molecular functions (MF), and 48 cellular components (CC)

that were significantly enriched (pvalue ≤ 0.05) (Supplementary

Table S5). To visualize the results, we created bar charts using R,

highlighting the top 10 enriched BP terms, MF terms, and CC terms

(Figures 5A–C). The most highly enriched BP terms included

response to peptide, response to lipopolysaccharide, and response

to extracellular stimulus. The most highly enriched MF terms were

STAT family protein binding, insulin-like growth factor I binding,

and nitric-oxide synthase binding. In terms of CC terms,

the enriched categories were membrane raft and plasma

membrane raft.
3.4 KEGG analysis

To gain deeper insights into the mode of action of XBF in

treating DPN, we conducted KEGG pathway enrichment analysis

on the 81 cross targets and DEGs. We found that both sets of targets

were significantly enriched in similar pathways, such as TNF

signalling pathway, Toll-like receptor (TLR) signalling pathway,

C-type lectin receptor (CLR) signalling pathway, and NOD-like

receptor signalling pathway (Figures 6A, B; Supplementary Tables
Frontiers in Endocrinology 06
S6, S7). These findings suggest that XBF may exert its therapeutic

effects by targeting multiple pathways involved in inflammation and

immune responses.
3.5 Immuno-infiltration analysis

The previous KEGG analysis has revealed that the treatment of

DPN with XBF involves an immune response. Therefore, we

conducted an immune infiltration analysis of DEGs using R,

based on the LM22 reference set and the CIBERSORT

deconvolution algorithm with perm set to 1000. The results

demonstrated that DPN patients had a higher proportion of

Monocytes, Macrophages M0, and Neutrophils, and a lower

fraction of B cell memory, T cell CD8, NK cells resting and Mast

cells activated (Figures 7A, B). To obtain a more comprehensive

insight into the precise localization of the potential therapeutic

targets within immune cells and organs, we conducted a thorough

analysis of their distribution via the online tool BioGPS (http://

biogps.org/) (21). Our results revealed that out of the 81 putative

targets of XBF, 34 exhibit diverse expression patterns across distinct

immune cells and organs (Table 1).
A

B

D E

F

C

FIGURE 4

The protein–protein interaction (PPI) network of XBF’s targets for the treatment of DPN. (A) Analysis results of PPI network. (B) The process of
topological screening for the PPI network. The 9 core targets was obtained by screening 81 common targets through DC, BC, CC. (C–E) The hub
genes were selected from the PPI network using the CytoHubba plugin. The node color was from pale yellow to red, and the corresponding degree
gradually larger. (F) PPI network based on clustery analysis using the MCODE plug-in.
frontiersin.org

http://biogps.org/
http://biogps.org/
https://doi.org/10.3389/fendo.2024.1275816
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Hu et al. 10.3389/fendo.2024.1275816
3.6 Molecular docking

To enhance the credibility of our network pharmacological

analysis, we performed molecular docking simulations. These

simulations allowed us to evaluate the interactions between the

selected active compounds derived from Chinese herbal medicine

and the core genes identified in the study. Our PPI network analysis

identified 5 core targets, namely TNF, IL6, IL1B, MMP9, and

PPARG. We also obtained the six core chemical components of

XBF, including quercetin, kaempferol , beta-sitosterol ,

formononetin, isorhamnetin, and calycosin, through drug-

ingredient-target network mapping. The core targets and

components are first converted accordingly (Table 2). Molecular

docking was then conducted as described in the methods section.

The results of the 30 docking combinations were visualized in the

form of a heat map and forms (Table 3; Figure 8), and the top ten

with the lowest binding energy were shown in a separate figure

(Figures 9A–J). Our molecular docking results indicate that the

ligands bind tightly to the receptors, and the top three most tightly
Frontiers in Endocrinology 07
bound active ingredients were beta-sitosterol, formononetin,

and calycosin.
4 Discussion

In our investigation, 122 active compounds of XBF and 272

associated target genes were sourced from TCMSP and BATMAN

databases. We compiled 14 DPN-related targets from the Drugbank

database, 348 related targets from OMIM, and 5195 related targets

from GeneCards. Ultimately, we pinpointed 81 potential

therapeutic targets for XBF. Through the construction of the PPI

network, we identified five central target proteins: TNF, IL6, IL-1B,

MMP9, and PPARG. Moreover, biological processes and pathways

associated with inflammation and immune regulation were

analyzed through GO enrichment, KEGG enrichment in

conjunction with DEGs, including TNF signalling pathway, TLR

signalling pathway, CLR signalling pathway, and NOD-like

receptor signalling pathway.
A B

FIGURE 6

KEGG enrichment analysis. (A) KEGG enrichment analysis of XBF targets for DPN treatment. (B) KEGG enrichment analysis of DPN-related DEGs.
A

B

C

FIGURE 5

Results of GO enrichment analysis. (A) Bar chart of the biological process category terms from GO enrichment analysis. (B) Bar chart of the cellular
component category terms from GO enrichment analysis. (C) Bar chart of the molecular function category terms from GO enrichment analysis.
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The pivotal targets engaged by XBF in treating DPN encompass

TNF, IL6, IL1B, MMP9, and PPARG. TNF-a, as a crucial immune

cytokine, plays a significant role in the development and

progression of various inflammatory, infectious, and autoimmune

diseases (22). DPN leads to pathological changes in unmyelinated

axons, causing axonal degeneration, and in myelinated nerve fibers,

resulting in demyelination and diffused shrinkage. Notably, the

expression of TNF-a can contribute to oligodendrocyte toxicity and

demyelination in the context of DPN (23). TNF-a can induce the

release of IL-1 and IL-6 from monocytes and endothelial cells (24).

Indeed, the inhibition of IL-1b or IL-6 signalling has demonstrated

efficacy in alleviating neuropathic pain caused by nerve injury,

underscoring the crucial involvement of IL-1b and IL-6 in the

pathogenesis of neuropathic pain (25). Recent investigations

increasingly support IL-6 as a versatile cytokine with

environment-dependent pro- and anti-inflammatory effects. It

also plays a crucial role in stimulating remyelination and

promoting axonal regeneration, signifying its diverse functions in

neural repair and regeneration processes (26, 27). Concomitant

expression of IL-1b in macrophages and isolated nerve fibers is also

believed to be involved in maintaining the complex network of

neural repair (28). Excessive MMP9 production results in the

degradation or remodeling of the extracellular matrix, leading to

compromised vascular supply to sensory nerve fibers, which, in

turn, induces peripheral nerve dysfunction in individuals with

diabetes (29). The downregulation of MMP9 has been observed

to enhance peripheral nerve function by stimulating autophagy in

Schwann cells, contributing to improvements in DPN (30). PPARs

are a superfamily of nuclear hormone receptor ligand-activated
Frontiers in Endocrinology 08
transcription factors that serve a variety of physiological roles,

among which the PPAR-g subtype promotes glucose metabolism

and insulin sensitization (31). Expressed in various tissues, notably

nerves, PPAR-g also shows antinociceptive abnormalities and

antinociceptive allergic effects (32). It contributes to the metabolic

homeostasis, while dyslipidemia mostly leads to atherosclerosis and

reduced blood flow, which impairs nerve perfusion and further

induces neurological dysfunction (33).

The targets of XBF in the treatment of DPN were distinctly

enriched in pathways like the TNF, TLR, CLR, and NOD-like

receptor signalling pathways. TNF-a signalling pathway may

induce mechanically abnormal pain and thermal nociceptive

sensitization through an autocrine mechanism by activating the

NF-kB pathway, which is a major regulator of inflammatory

response, insulin response and glucose metabolism (34, 35).

Besides, TNF-a can trigger immune-mediated neuromyelin injury

by sending signals to a range of different immune cell types, such as

cDCs, NK cells, NKT cells, and T cells (36). Indeed, in animal

models of diabetes, there is evidence supporting the association of

the TLR signalling pathway and its downstream signalling

molecules with diabetes-induced neuropathic pain, particularly

during the early stages of the condition (37). Within the cell

model, TLR induces the activation of MAPK and has a significant

role in the regulation of neuronal plasticity (38, 39). CLR plays a

crucial part in coordinating signalling pathways that induce

regulation of adaptive immune responses (40). Signal

transduction induced by the CLR signalling pathway appears to

primarily activate or regulate NF-kB function, and its recognition of

endogenous ligands serves a vital role in the homeostatic control of

the immune system (41). Mincle is an activated CLR that senses

damaged cells, and is also capable of recognizing glycolipid ligands

on pathogens, implying that it may be linked to metabolic diseases

such as diabetes (42). The innate and adaptive immune systems are

primarily triggered by NOD-like receptor signalling pathways.

These molecules can bind to the protein apoptosis-associated

speck-like protein (ASC), leading to the stimulation of pro-IL-1

maturation and release as IL-1. Consequently, they play a role in

mediating inflammatory responses (43).

Based on drug-ingredient-target network mapping and

molecular docking, the top six pivotal chemical constituents of

XBF were quercetin, kaempferol, b-sitosterol, formononetin,
TABLE 1 Distribution of immune cell/organ-specific expressed genes
identified by BioGPS.

System/
Organ

Genes Count

Immune cells CD14,KCNH2,TOP2A,CA2,CDK4,IL1B,CA1,
TNF,STAT1,PRKCD
PTGS1,DPP4,FOS,MCL1,ADRB2,PTGS2,
CYP1B1,RXRA,PPKCD

19

Immune
organs

MMP9,CD14,CAV1,TOP2A,SLPI,ADRB2,CA2,
CA1,PTGS1,PTGS2
CYP1B1,FOS,NFKBIA,IL1B,PRKCD,MCL1

16
A B

FIGURE 7

Immune infiltration analysis of the GSE95849 data set. (A) Boxplots. (B) Bar graph.
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isorhamnetin, and calycosin. Among them, b-sitosterol binds most

stably to PPARG. b-sitosterol, and a variety of medicinal plants,

possesses antidiabetic, hypolipidemic, anticancer, anti-arthritic and

anti-protective properties (44). b-sitosterol alleviates neuropathic

pain through the inhibition of the TLR4/NF-kB signaling pathway,

suppression of neuroinflammation, and modulation of microglial

polarization towards an anti-inflammatory phenotype (45).

Isorhamnetin markedly alleviates hypersensitivity to mechanical

and thermal stimuli in nerve-injured rats by diminishing oxidative

stress, restraining microglia and glial cell activation, suppressing the

expression of inflammatory cytokines, and fostering M2

macrophage polarization (46). Isorhamnetin exhibits a

multifaceted therapeutic impact on diabetes, encompassing anti-

diabetic effects through insulin pathway regulation, modulation of

carbohydrate metabolism, inhibition of NF-kB activation for

vascular protection, and potential therapeutic benefits for diabetic

neuropathy by alleviating neuropathic pain and improving nerve

conduction velocity in rat models (47). In the acetic acid torsion

test, formononetin markedly decreased the count of abdominal

torsions, and its pain-alleviating effects were linked to a reduction in

TNF-a, IL-6, and IL-1b levels. Additionally, it hindered neuronal

apoptosis by activating the Nrf2/glutathione s-transferase pi 1

(GSTP1) signaling pathway and mitigated mechanical

abnormalities in thermal injury sensitization and pain (48, 49).

Calycosin is an isoflavone derived from Astragali Radix and

contains antioxidant, anti-inflammatory, and immunomodulatory

effects (50, 51). Calycosin accelerates diabetic wound healing in db/

db mice by promoting the recruitment of anti-inflammatory

monocytes and increasing the number of macrophages at the

wound site, and also acts as a neuroprotective agent by reducing

oxidative stress and delaying neuronal apoptosis (52, 53). Quercetin

demonstrated significant efficacy in ameliorating neuropathic
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symptoms in diabetic rats. Its effects included improvements in

nerve morphology, enhancement of paranodal junctions, down-

regulation of key proteins, and restoration of gut microbiota balance

through the modulation of specific microbial species associated with

diabetic neuropathy (54). Meanwhile, quercetin demonstrates

therapeutic promise in alleviating pain by inhibiting both

peripheral and central sensitization. This effect is achieved

through the modulation of the PAR2/TRPV1 signaling pathway

and the suppression of inflammatory mediators via the toll-like

receptor signaling pathway (55, 56). Kaempferol’s pain-relieving

properties involve mitigating neuropathic pain and suppressing

pro-inflammatory cytokines. This is achieved through the

modulation of microglial polarization from the M1 to M2

phenotype, employing a mechanism that inhibits signaling

pathways related to inflammation (57). Kaempferol has

demonstrated the ability to rectify hyperglycemia, partially

alleviate the pain response in diabetic rats, and modulate

oxidative and nitrosative stress. Additionally, it reduces the

formation of advanced glycosylation end products (AGEs) in

diabetic rats, suggesting its potential application in the treatment

of diabetic neuropathic pain (58).

In recent years, a growing amount of scientific research has

emphasized the central role of neuroinflammation in the

development of DPN (59). Inflammation stands as the central

pathogenic mechanism and a primary therapeutic target for DPN

(60). Low-grade intraneural inflammation could represent a shared

converging pathway in the development of DPN. Factors such as

iron deficiency, obesity, dyslipidemia, and rapid declines in HbA1c

levels might contribute to neuropathy through inflammatory

mechanisms (61). Persistent inflammation linked to diabetes

plays a role in causing nerve damage, potentially worsening DPN.

This impact extends to pain perception, involving heightened

neuronal excitability, and influences the pain process by altering

signaling in neurons (62). Sustained mild inflammation, initiated by

the binding of glucose, lipoproteins, and oxidized proteins to

neuronal receptors, plays a substantial role in the development of

diabetic neuropathy. This process involves heightened immune cell

activity, inflammatory signals, and disruptions in mitochondrial

pathways (63). In T2DM, DPN entails the upregulation of

inflammation-associated transcr ipts or ig inat ing from

macrophages within the dorsal root ganglia (DRG) (64). The

contribution of TLRs, specifically TLR2 and TLR4, to the

development of prediabetes and diabetic sensory neuropathy has

been elucidated by mitigating the inflammatory response in both
TABLE 3 Binding energy of molecular docking.

IL6 TNF IL1B PPARG MMP9

quercetin -4.97 -5.53 -4.72 -4.25 -4.55

kaempferol -5.05 -4.94 -4.8 -5.15 -6.20

Beta-sitosterol -6.78 -8.97 -6.78 -9.00 -6.99

formononetin -5.82 -6.99 -6.21 -6.68 -8.12

isorhamnetin -5.14 -5.96 -4.19 -4.20 -4.44

Calycosin -5.29 -6.35 -5.93 -5.34 -7.69
TABLE 2 Details of targets and Compounds for molecular docking.

Molecule Name PubChem ID Target PDB ID

quercetin 5280343 IL6 4NI7

kaempferol 5280863 TNF 7KP9

beta-sitosterol 222284 IL1B 5BVP

formononetin 5280378 PPARG 2HWQ

isorhamnetin 5281654 MMP9 1L6J

Calycosin 5280448
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human subjects and various mouse models (65). Among the herbs

in XBF, Astragali Radix demonstrates anti-inflammatory effects by

downregulating the expression of inflammatory mediators,

including iNOS, COX-2, IL-6, IL-1b , and TNF-a (66).
Frontiers in Endocrinology 10
Cinnamomi Ramulus extract alleviates neuroinflammation by

attenuating the levels of pro-inflammatory cytokines, including

IL-6, IL-1b, and TNF-a, in BV2 microglia (67). Polygoni

Multiflori Caulis has demonstrated anti-inflammatory efficacy

through the modulation of diverse inflammatory responses,

including the realm of neuroinflammation (68, 69). The anti-

neuroinflammatory properties of Paeonia lactiflora primarily

involve inhibiting the production and release of inflammatory

mediators, including cytokines, interleukins (IL-6, IL-1b), and
tumor necrosis factor (TNF-a). This leads to a reduction in

neuroinflammatory responses and associated injuries (70–72).

Spatholobi Caulis effectively inhibits the release of pro-

inflammatory mediators and cytokines (such as TNF-a, IL-1b,
and IL-6) in inflammatory cells (73). The prevailing evidences

suggests that a key mechanism of XBF in treating DPN involves

the suppression of neuroinflammatory responses.

Alternatively, an expanding body of research highlights a

notable link between DPN and immune regulation, with its

pathogenesis intricately tied to autoimmunity (74, 75). Extensive

infiltration of macrophages in DPN initiates neuroinflammation,

culminating in neuropathy, pain, and sensory impairment. The

aberrant involvement of macrophages in nerve repair has been

investigated, uncovering that diabetes-induced macrophage

recruitment and dysfunction may hinder effective nerve

regeneration. Modulating macrophage function, particularly

through nanomedicine and targeted drug delivery, holds promise

for ameliorating DPN. This insight highlights immunomodulation

as a promising avenue for advancing DPN treatment (76). In DPN,

the activation of the receptor for hyperglycosylated end products

(RAGE) instigates a pro-inflammatory response, primarily
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FIGURE 9

Molecular docking results. (A–J) Docking patterns of key targets and specific active compounds. Formononetin-MMP9 (A) Calycosin-MMP9 (B) b-
sitosterol-MMP9 (C) b-sitosterol-PPARG (D) formononetin-PPARG (E) b-sitosterol-IL1B (F) formononetin-IL1B (G) b-sitosterol-TNF (H)
formononetin-TNF (I) and Calycosin -TNF (J).
FIGURE 8

Heat map of molecular docking score. Binding energy(kcal/mol) of
key targets and active compounds of herbs.
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involving macrophages. Inflammatory macrophages contribute to

the worsening of reduced insulin sensitivity, neuronal atrophy, and

impaired nerve transport. Conversely, the absence of RAGE fosters

anti-inflammatory macrophages, thereby safeguarding nerve

funct ion (77) . Thi s underscores the importance of

immunomodulation in addressing diabetic neuropathic pain (78).

Prominent lymphocyte infiltration, particularly CD3+ and CD8+

cells, in neural tissues of DPN patients, along with activated

endoneuronal lymphocytes expressing cytokines and major

histocompatibility class II antigens, indicates a potential

involvement of immune cells in DPN pathogenesis through

various effector mechanisms, including cytokine-mediated

inflammation and microvascular inflammation (79). In a mouse

model of DPN, persistent pain was observed despite sensory

deficits, with late-stage pain correlating significantly with

neutrophil and T-cell infiltration rather than ganglion cell stress

markers, contrasting neuropathologic changes (80). The main

component of XBF, Astragali Radix addresses immune-related

conditions by modulating T-cell subsets (augmenting the quantity

and function of CD4+ T-cells), boosting macrophage, natural killer

cell, and lymphocyte activity, and regulating immune-related

factors (such as IL-6, IL-10, IFN-g, etc.) (81). 3-phenyl-propenal,
ex t r ac t ed f rom Cinnamomi Ramulus , demons t ra t e s

immunomodulatory effects by suppressing TLR3, TLR4, and their

downstream signalling components in Raw264.7 murine

macrophages (82). Paeonia lactiflora, along with its principal

active component paeoniflorin, demonstrates immunomodulatory

effects by fine-tuning immune cell function, correcting disrupted

signalling pathways, and maintaining a balanced distribution of

immune cell subpopulations (83). This indicates that XBF may have

therapeutic effects on DPN through the modulation of the

immune system.

As with all scientific investigations, this study is not exempt from

inherent limitations. Although cyberpharmacology endeavors to

address the constraints associated with single-target investigations of

herbal medicines and traditional Chinese medicine formulations, it

encounters substantial challenges. Despite our utilization of dependable

molecular docking techniques to validate the cyberpharmacology

analysis results, we must acknowledge the following inherent

limitations. Firstly, cyberpharmacology results critically hinge on the

quality and precision of the bioinformatics and biomedical databases

employed, introducing potential variability in data reliability. Secondly,

cyberpharmacology often neglects the dose-response relationship of

herbal components, overlooking the crucial aspect of Traditional

Chinese Medicine (TCM) efficacy tied to achieving sufficient drug

component levels at the target site. Thirdly, the differentiation of drug

responses across diverse cell types and tissues may be inadequately

addressed in network pharmacology, potentially leading to

underestimation or overestimation of effects in actual biological

systems. Fourthly, predictions in network pharmacology rely on

established biological networks, yet for certain drugs or diseases,

where the relevant mechanisms are not fully understood, predictive

accuracy may be constrained. Fifthly, the predominantly static nature
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of network pharmacology approaches poses challenges in capturing the

dynamic evolution of drug actions over time, a factor critical for certain

diseases and treatment regimens. Sixthly, cyberpharmacology might

overlook genetic and physiological individual differences, diverging

from the core tenets of individualized medicine and the foundational

philosophy of Chinese medicine emphasizing ‘diagnosis and treatment’

and ‘one person, one side’. Lastly, the intricate interactions inherent in

multidrug combination therapy are challenging for network

pharmacology to comprehensively consider, potentially limiting its

practical applicability in treatment, particularly as Traditional Chinese

Medicine compounds exert efficacy through the coordinated action of

multiple components rather than a simple additive effect. Enhancing

the predictive reliability involves subjecting XBF components to

scrutiny through LC/MS analysis. The integration of artificial

intelligence algorithms with network pharmacology is imperative for

crafting dynamic models that comprehensively factor in cell and tissue

specificity, consider drug dosage nuances, and incorporate

environmental influences. Crucially, theoretical models must undergo

validation via rigorous in vivo and in vitro experiments to bolster their

credibility. Addressing these imperfections is pivotal for advancing the

application of network pharmacology in Traditional Chinese Medicine

(TCM) research.
5 Conclusion

In conclusion, we found that b-sitosterol, formononetin, and

calycosin maybe the key active compounds of XBF that plays a

therapeutic role in the treatment of DPN. Moreover, we revealed

that the mechanisms of XBF are related to mitigating neuronal

inflammatory responses and fostering the regulation of immune

cells, mainly through targeting TNF, TLR, CLR, and NOD-like

receptor signalling pathways.
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41. Garcıá-Vallejo JJ, van Kooyk Y. Endogenous ligands for C-type lectin receptors:
the true regulators of immune homeostasis. Immunol Rev (2009) 230(1):22–37.
doi: 10.1111/j.1600-065X.2009.00786.x

42. Nagata M, Izumi Y, Ishikawa E, Kiyotake R, Doi R, Iwai S, et al. Intracellular metabolite
b-glucosylceramide is an endogenous Mincle ligand possessing immunostimulatory activity.
Proc Natl Acad Sci USA (2017) 114(16):E3285–e3294. doi: 10.1073/pnas.1618133114

43. Liu H, Xu R, Kong Q, Liu J, Yu Z, Zhao C. Downregulated NLRP3 and NLRP1
inflammasomes signaling pathways in the development and progression of type 1 diabetes
mellitus. BioMed Pharmacother (2017) 94:619–26. doi: 10.1016/j.biopha.2017.07.102

44. Shree MK, Vishnupriya V, Ponnulakshmi R, Gayathri R, Madhan K,
Shyamaladevi B, et al. Effect of beta-sitosterol on glycogen metabolic enzyme in
high-fat fed diabetic model. Drug Invent Today (2019) 12(5).

45. Zheng Y, Zhao J, Chang S, Zhuang Z, Waimei S, Li X, et al. b-sitosterol alleviates
neuropathic pain by affect microglia polarization through inhibiting TLR4/NF-kB signaling
pathway. J Neuroimmune Pharmacol (2023) 18(4):690–703. doi: 10.1007/s11481-023-10091-w

46. Chen F, Hu M, Shen Y, Zhu W, Cao A, Ni B, et al. Isorhamnetin promotes
functional recovery in rats with spinal cord injury by abating oxidative stress and
modulating M2 macrophages/microglia polarization. Eur J Pharmacol (2021)
895:173878. doi: 10.1016/j.ejphar.2021.173878

47. Kalai FZ, Boulaaba M, Ferdousi F, Isoda H. Effects of isorhamnetin on diabetes
and its associated complications: a review of in vitro and in vivo studies and a post hoc
transcriptome analysis of involved molecular pathways. Int J Mol Sci (2022) 23(2):704.
doi: 10.3390/ijms23020704

48. Fang Y, Ye J, Zhao B, Sun J, Gu N, Chen X, et al. Formononetin ameliorates
oxaliplatin-induced peripheral neuropathy via the KEAP1-NRF2-GSTP1 axis. Redox
Biol (2020) 36:101677. doi: 10.1016/j.redox.2020.101677

49. Tian J, Wang XQ, Tian Z. Focusing on formononetin: recent perspectives for its
neuroprotective potentials. Front Pharmacol (2022) 13:905898. doi: 10.3389/fphar.2022.905898

50. Xu Y, Feng L, Wang S, Zhu Q, Zheng Z, Xiang P, et al. Calycosin protects
HUVECs from advanced glycation end products-induced macrophage infiltration. J
Ethnopharmacol (2011) 137(1):359–70. doi: 10.1016/j.jep.2011.05.041

51. Nie XH, Ou-yang J, Xing Y, Li DY, Liu RE, Xu RX. Calycosin inhibits migration
and invasion through modulation of transforming growth factor beta-mediated
mesenchymal properties in U87 and U251 cells. Drug Des Devel Ther (2016) 10:767–
79. doi: 10.2147/dddt.S90457

52. Guo C, Tong L, Xi M, Yang H, Dong H, Wen A. Neuroprotective effect of
calycosin on cerebral ischemia and reperfusion injury in rats. J Ethnopharmacol (2012)
144(3):768–74. doi: 10.1016/j.jep.2012.09.056

53. Yan X, Yu A, Zheng H, Wang S, He Y, Wang L. Calycosin-7-O-b-D-glucoside
attenuates OGD/R-induced damage by preventing oxidative stress and neuronal
apoptosis via the SIRT1/FOXO1/PGC-1a Pathway in HT22 cells. Neural Plast
(2019) 2019:8798069. doi: 10.1155/2019/8798069

54. Xie J, Song W, Liang X, Zhang Q, Shi Y, Liu W, et al. Protective effect of
quercetin on streptozotocin-induced diabetic peripheral neuropathy rats through
modulating gut microbiota and reactive oxygen species level. BioMed Pharmacother
(2020) 127:110147. doi: 10.1016/j.biopha.2020.110147

55. Ji C, Xu Y, Han F, Sun D, Zhang H, Li X, et al. Quercetin alleviates thermal and
cold hyperalgesia in a rat neuropathic pain model by inhibiting Toll-like receptor
signaling. BioMed Pharmacother (2017) 94:652–8. doi: 10.1016/j.biopha.2017.07.145

56. Li Z, Zhang J, Ren X, Liu Q, Yang X. The mechanism of quercetin in regulating
osteoclast activation and the PAR2/TRPV1 signaling pathway in the treatment of bone
cancer pain. Int J Clin Exp Pathol (2018) 11(11):5149–56.

57. Chang S, Li X, Zheng Y, Shi H, Zhang D, Jing B, et al. Kaempferol exerts a
neuroprotective effect to reduce neuropathic pain through TLR4/NF-ĸB signaling
pathway. Phytother Res (2022) 36(4):1678–91. doi: 10.1002/ptr.7396

58. Kishore L, Kaur N, Singh R. Effect of Kaempferol isolated from seeds of Eruca
sativa on changes of pain sensitivity in Streptozotocin-induced diabetic neuropathy.
Inflammopharmacology (2018) 26(4):993–1003. doi: 10.1007/s10787-017-0416-2
Frontiers in Endocrinology 13
59. Zhao B, Zhang Q, Liang X, Xie J, Sun Q. Quercetin reduces inflammation in a rat
model of diabetic peripheral neuropathy by regulating the TLR4/MyD88/NF-kB
signalling pathway. Eur J Pharmacol (2021) 912:174607. doi: 10.1016/j.ejphar.2021.174607

60. Zhou J, Zhou S. Inflammation: therapeutic targets for diabetic neuropathy. Mol
Neurobiol (2014) 49(1):536–46. doi: 10.1007/s12035-013-8537-0

61. Baum P, Toyka KV, Blüher M, Kosacka J, Nowicki M. Inflammatory
mechanisms in the pathophysiology of diabetic peripheral neuropathy (DN)-new
aspects. Int J Mol Sci (2021) 22(19):10835. doi: 10.3390/ijms221910835

62. Breitinger U, Breitinger HG. Excitatory and inhibitory neuronal signaling in
inflammatory and diabetic neuropathic pain. Mol Med (2023) 29(1):53. doi: 10.1186/
s10020-023-00647-0

63. Cheng Y, Chen Y, Li K, Liu S, Pang C, Gao L, et al. How inflammation dictates
diabetic peripheral neuropathy: An enlightening review. CNS Neurosci Ther (2023)
29:1–15. doi: 10.1111/cns.14477

64. Hall BE, Macdonald E, Cassidy M, Yun S, Sapio MR, Ray P, et al. Transcriptomic
analysis of human sensory neurons in painful diabetic neuropathy reveals inflammation
and neuronal loss. Sci Rep (2022) 12(1):4729. doi: 10.1038/s41598-022-08100-8

65. Elzinga S, Murdock BJ, Guo K, Hayes JM, Tabbey MA, Hur J, et al. Toll-like
receptors and inflammation in metabolic neuropathy; a role in early versus late disease?
Exp Neurol (2019) 320:112967. doi: 10.1016/j.expneurol.2019.112967

66. Ryu M, Kim EH, Chun M, Kang S, Shim B, Yu YB, et al. Astragali Radix elicits
anti-inflammation via activation of MKP-1, concomitant with attenuation of p38 and
Erk. J Ethnopharmacol (2008) 115(2):184–93. doi: 10.1016/j.jep.2007.09.027

67. Yang H, Cheng X, Yang YL, Wang YH, Du GH. Ramulus Cinnamomi extract
attenuates neuroinflammatory responses via downregulating TLR4/MyD88 signaling pathway
in BV2 cells. Neural Regener Res (2017) 12(11):1860–4. doi: 10.4103/1673-5374.219048

68. Yi S, Zhiyong Z, Jie C, Xu BJ. Anti-inflammatory and bacteria inhibition effects
of Caulis Polygoni Multiflori. West China J Pharm Sci (2003) 17(2):112–4.

69. Jeon CK, Jung JY, Park CA, Jee SY, Kim SC. Effect of Polygoni Multiflori
Ramulus extract against arachidonic acid and iron-induced oxidative stress in HepG2
cell and CCl 4-induced liver injury in mice. Herb Formula Sci (2017) 25(2):155–66.
doi: 10.14374/HFS.2017.25.2.155

70. Zhou J, Wang J, Li W, Wang C, Wu L, Zhang J. Paeoniflorin attenuates the
neuroinflammatory response in a rat model of chronic constriction injury. Mol Med
Rep (2017) 15(5):3179–85. doi: 10.3892/mmr.2017.6371

71. Zhou YX, Gong XH, Zhang H, Peng C. A review on the pharmacokinetics of
paeoniflorin and its anti-inflammatory and immunomodulatory effects. BioMed
Pharmacother (2020) 130:110505. doi: 10.1016/j.biopha.2020.110505

72. Kim YJ, Kim KJ, Lee JH, Park SU, Cho SY. Effect of herbal extracts on peripheral
nerve regeneration after microsurgery of the sciatic nerve in rats. BMC Complement
Med Ther (2021) 21(1):162. doi: 10.1186/s12906-021-03335-w

73. Cheng XL, Liu XG, Wang Q, Zhou L, Qi LW, Li P, et al. Anti-inflammatory and
anti-arthritic effects of Guge Fengtong Formula: in vitro and in vivo studies. Chin J Nat
Med (2015) 13(11):842–53. doi: 10.1016/s1875-5364(15)30088-1

74. Deguchi T, Nishio Y, Takashima H. Diabetes mellitus and autoimmune
neuropathy. Brain Nerve (2014) 66(2):135–47. doi: 10.11477/mf.1416101714

75. Janahi NM, Santos D, Blyth C, Bakhiet M, Ellis M. Diabetic peripheral
neuropathy, is it an autoimmune disease? Immunol Lett (2015) 168(1):73–9.
doi: 10.1016/j.imlet.2015.09.009

76. Balogh M, Janjic JM, Shepherd AJ. Targeting neuroimmune interactions in
diabetic neuropathy with nanomedicine. Antioxid Redox Signal (2022) 36(1-3):122–43.
doi: 10.1089/ars.2021.0123

77. Osonoi S, Mizukami H, Takeuchi Y, Sugawa H, Ogasawara S, Takaku S, et al.
RAGE activation in macrophages and development of experimental diabetic
polyneuropathy. JCI Insight (2022) 7(23):e160555. doi: 10.1172/jci.insight.160555

78. Rojewska E, Zychowska M, Piotrowska A, Kreiner G, Nalepa I, Mika J.
Involvement of macrophage inflammatory protein-1 family members in the
development of diabetic neuropathy and their contribution to effectiveness of
morphine. Front Immunol (2018) 9:494. doi: 10.3389/fimmu.2018.00494

79. Younger DS, Rosoklija G, Hays AP, Trojaborg W, Latov N. Diabetic peripheral
neuropathy: a clinicopathologic and immunohistochemical analysis of sural nerve
biopsies. Muscle Nerve. (1996) 19(6):722–7. doi: 10.1002/(sici)1097-4598(199606)
19:6<722::Aid-mus6>3.0.Co;2-c

80. Agarwal N, Helmstädter J, Rojas DR, Bali KK, Gangadharan V, Kuner R. Evoked
hypoalgesia is accompanied by tonic pain and immune cell infiltration in the dorsal
root ganglia at late stages of diabetic neuropathy in mice. Mol Pain (2018)
14:1744806918817975. doi: 10.1177/1744806918817975

81. Li R, Shi C, Wei C, Wang C, Du H, Hong Q, et al. Fufang shenhua tablet,
astragali radix and its active component astragaloside IV: Research progress on anti-
inflammatory and immunomodulatory mechanisms in the kidney. Front Pharmacol
(2023) 14:1131635. doi: 10.3389/fphar.2023.1131635

82. Zhao BS, Huo HR, Ma YY, Liu HB, Li LF, Sui F, et al. Effects of 3-phenyl-
propenal on the expression of toll-like receptors and downstream signaling
components on raw264.7 murine macrophages. Am J Chin Med (2008) 36(1):159–
69. doi: 10.1142/s0192415x08005679

83. Zhang L, Wei W. Anti-inflammatory and immunoregulatory effects of
paeoniflorin and total glucosides of paeony. Pharmacol Ther (2020) 207:107452.
doi: 10.1016/j.pharmthera.2019.107452
frontiersin.org

https://doi.org/10.1016/j.expneurol.2007.03.012
https://doi.org/10.1016/j.neuint.2014.05.012
https://doi.org/10.1073/pnas.2114406119
https://doi.org/10.1016/j.neulet.2012.08.012
https://doi.org/10.1016/j.tins.2011.02.005
https://doi.org/10.1016/j.bbi.2015.06.003
https://doi.org/10.1038/nri2569
https://doi.org/10.1111/j.1600-065X.2009.00786.x
https://doi.org/10.1073/pnas.1618133114
https://doi.org/10.1016/j.biopha.2017.07.102
https://doi.org/10.1007/s11481-023-10091-w
https://doi.org/10.1016/j.ejphar.2021.173878
https://doi.org/10.3390/ijms23020704
https://doi.org/10.1016/j.redox.2020.101677
https://doi.org/10.3389/fphar.2022.905898
https://doi.org/10.1016/j.jep.2011.05.041
https://doi.org/10.2147/dddt.S90457
https://doi.org/10.1016/j.jep.2012.09.056
https://doi.org/10.1155/2019/8798069
https://doi.org/10.1016/j.biopha.2020.110147
https://doi.org/10.1016/j.biopha.2017.07.145
https://doi.org/10.1002/ptr.7396
https://doi.org/10.1007/s10787-017-0416-2
https://doi.org/10.1016/j.ejphar.2021.174607
https://doi.org/10.1007/s12035-013-8537-0
https://doi.org/10.3390/ijms221910835
https://doi.org/10.1186/s10020-023-00647-0
https://doi.org/10.1186/s10020-023-00647-0
https://doi.org/10.1111/cns.14477
https://doi.org/10.1038/s41598-022-08100-8
https://doi.org/10.1016/j.expneurol.2019.112967
https://doi.org/10.1016/j.jep.2007.09.027
https://doi.org/10.4103/1673-5374.219048
https://doi.org/10.14374/HFS.2017.25.2.155
https://doi.org/10.3892/mmr.2017.6371
https://doi.org/10.1016/j.biopha.2020.110505
https://doi.org/10.1186/s12906-021-03335-w
https://doi.org/10.1016/s1875-5364(15)30088-1
https://doi.org/10.11477/mf.1416101714
https://doi.org/10.1016/j.imlet.2015.09.009
https://doi.org/10.1089/ars.2021.0123
https://doi.org/10.1172/jci.insight.160555
https://doi.org/10.3389/fimmu.2018.00494
https://doi.org/10.1002/(sici)1097-4598(199606)19:6%3C722::Aid-mus6%3E3.0.Co;2-c
https://doi.org/10.1002/(sici)1097-4598(199606)19:6%3C722::Aid-mus6%3E3.0.Co;2-c
https://doi.org/10.1177/1744806918817975
https://doi.org/10.3389/fphar.2023.1131635
https://doi.org/10.1142/s0192415x08005679
https://doi.org/10.1016/j.pharmthera.2019.107452
https://doi.org/10.3389/fendo.2024.1275816
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Exploring the molecular mechanism of Xuebifang in the treatment of diabetic peripheral neuropathy based on bioinformatics and network pharmacology
	1 Introduction
	2 Materials and methods
	2.1 Screen the active ingredients and targets of XBF
	2.2 Collecting targets of DPN
	2.3 Screen of DPN DEGs
	2.4 XBF acts on the DPN target
	2.5 Protein-protein interaction network of common targets
	2.6 The analysis of GO and KEGG
	2.7 Molecular docking

	3 Results
	3.1 Unraveling the bioactive constituents and putative molecular targets of XBF
	3.2 PPI network
	3.3 GO enrichment analysis
	3.4 KEGG analysis
	3.5 Immuno-infiltration analysis
	3.6 Molecular docking

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


