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Abstract. Diabetic nephropathy is a formidable complication arising from diabetes. Compound 
Danshen Dripping Pills (CDDP) has demonstrated remarkable efficacy in managing diabetic 
retinopathy. Our study integrates network pharmacology and molecular docking methodologies to 
explore the therapeutic targets and mechanisms of CDDP in diabetic nephropathy. We systemati-
cally retrieved compounds and their corresponding target molecules associated with CDDP from 
the Traditional Chinese Medicine Systems Pharmacology (TCMSP) and UniProt databases. Our 
exhaustive analysis revealed 76 bioactive compounds and 203 potential targets for CDDP. Through 
meticulous Protein-Protein Interaction network analysis, we narrowed down on ten pivotal targets 
central to the therapeutic effects. Functional assessments illuminated the multifaceted impact of 
CDDP on metabolic homeostasis, inflammatory responses, oxidative stress modulation, and ap-
optotic regulation, implicating pathways such as lipid metabolism, atherosclerotic processes, and 
Advanced Glycation End-products receptor for Advanced Glycation End-products (AGE-RAGE) 
signaling cascade. Molecular docking assays further substantiated these findings by demonstrating 
a robust binding affinity between the bioactive constituents and their respective molecular targets. 
In conclusions, this study forecasts the complex interplay of components, therapeutic targets, and 
modulated pathways involved in CDDP’s therapeutic intervention in diabetic nephropathy. 
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Introduction

Diabetes mellitus, amidst a  striking global escalation in 
incidence (Federation 2021), severely jeopardizes patient 
health and diminishes the quality of life, notably through 
the pervasive microvascular sequela, diabetic nephropathy 

(DN) (Anders et al. 2018; Cole and Florez 2020; Gupta et 
al. 2023). As a paramount contributor to the development 
of end-stage renal disease (ESRD) (Kanwar et al. 2011), 
DN instigates a detrimental sequence of pathophysiologi-
cal events, hallmarked by chronic hyperglycemia-induced 
perturbations affecting a myriad of renal cellular compart-
ments. This insidious decline in cellular function progres-
sively deteriorates renal capability, accentuating the pressing 
requirement for efficacious therapeutic interventions. His-
torically, the therapeutic landscape for DN has been notably 
constricted (Tuttle and Cherney 2021). Contemporary 
therapeutic modalities primarily revolve around manipulat-
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ing the renin-angiotensin-aldosterone system (RAAS) in an 
attempt to mitigate proteinuria and retard the progression of 
renal fibrosis, thereby aiming to decelerate the disease’s ad-
vancement (Alicic et al. 2017; Rao et al. 2019). Nonetheless, 
the clinical benefits of these approaches have fallen short of 
optimal, necessitating an urgent exploration of more potent 
and efficacious strategies to combat DN.

Investigations have illuminated the substantial therapeu-
tic potential of Compound Danshen Dripping Pills (CDDP) 
in addressing diabetic microvascular complications (Deng 
et al. 2024). CDDP has been demonstrated to be effective in 
treating diabetic retinopathy through the following mecha-
nisms: preservation and restoration of vascular endothelium 
integrity, alongside exertion of anticoagulation and anti-in-
flammatory activities, enhancement of blood fluid dynamics, 
modulation of the lipid profiles, and improvement of retinal 
microarchitecture (Liu L et al. 2022; Xu X et al. 2024). The 
overlapping pathogenic mechanisms linking diabetic retin-
opathy with DN are poor blood sugar control and microvas-
cular disease caused by diabetes (Yang and Liu 2022; Liu Z et 
al. 2023; Wang et al. 2024). Therefore, it is postulated that 
CDDP might similarly prove efficacious in the treatment of 
DN. Nevertheless, the intricate constitution of CDDP poses 
challenges to conventional pharmacological approaches in 
thoroughly deciphering its operative mechanisms.

Consequently, the objective of this study is to harness the 
power of network pharmacology and molecular docking 
methodologies in elucidating the prospective therapeutic 
targets and underlying mechanisms of CDDP within the 
context of DN management. By doing so, our endeavor lays 
a robust theoretical groundwork and provides substantial 
data support, thereby facilitating informed directions for 
subsequent experimental inquiries. This pioneering research 
endeavor is poised to catalyze advancements in the discovery 
and development of novel therapeutic strategies tailored to 
combat DN.

Materials and Methods

Data collection

Acquisition of bioactive constituents in CDDP

In this investigation, focusing on the individual botanical 
ingredients of CDDP, namely Radix Salviae, Borneolum 
Syntheticum, and Panax Notoginseng, we employed the 
Traditional Chinese Medicine Systems Pharmacology Da-
tabase and Analysis Platform (TCMSP, accessible at https://
old.tcmsp-e.com/index.php) to comprehensively discern all 
constituent compounds alongside their respective biologi-
cal targets. Following established procedures, compounds 
underwent additional screening based on criteria of oral 

bioavailability (OB) ≥ 30% and drug-likeness (DL) ≥ 0.18 
to identify effective chemical constituents of each herbal 
component and their potential targets.

Prediction of potential targets for CDDP

Compound data were retrieved in Excel format from the 
UniProt database (https://www.uniprot.org/). Data optimi-
zation was carried out using the “TRIM” function to clean 
the data, and the “VLOOKUP” function was employed to 
match target gene names. Subsequently, annotation of target 
proteins associated with the chemical constituents obtained 
through these processes was performed using the UniProt 
database. Ineffective components lacking target data were 
filtered out.

Disease-related target prediction

To obtain a list of targets associated with DN, the GeneCards 
database (http://www.genecards.org/) and the Online Men-
delian Inheritance in Man (OMIM) database (http://www.
omim.org/) were searched using the keyword “diabetes 
nephropathy.” After removing duplicate entries, a compre-
hensive list of disease targets for DN was compiled.

Overlap between bioactive compounds and DN targets

The Venny tool facilitated identifying potential crucial targets 
for managing the disease through the herbal components of 
the formulation. 

Construction of protein-protein interaction (PPI) net-
works and analysis of network topology

Gene targets identified from the overlap of two datasets were 
input into the STRING database, specifying Homo sapiens 
as the organism and setting the confidence threshold to 
0.90. Disconnected gene nodes were excluded to generate 
a protein interaction network. 

Following that, the network of potential key targets was 
built utilizing Cytoscape 3.9.0 software, which was succeeded 
by a  comprehensive analysis of network parameters. The 
thickness of the edges corresponds to the combined score, 
indicating higher combined scores with thicker edges. The 
core targets ranking within the top 10 were determined based 
on their degree values.

GO and KEGG enrichment analyses

Bioinformatics investigations utilizing the open-source 
software suite Bioconductor (http://www.bioconductor.
org/) were conducted within the environment provided 
by R  software. The packages clusterProfiler, Stringin, and 
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Pathview were installed and executed for performing func-
tional enrichment analyses involving Gene Ontology (GO) 
and Kyoto Encyclopedia of Genes and Genomes (KEGG), 
with visualization facilitated by the Bioinformatics platform 
(https://www.bioinformatics.com.cn/). GO analysis encom-
passes three domains: Biological Processes (BP), Molecular 
Functions (MF), and Cellular Components (CC), annotating 
the roles of drug treatment target proteins within gene func-
tion. Meanwhile, KEGG analysis focuses on pathway analysis 
to elucidate the primary signaling pathways involved in drug-
mediated disease treatment. Raw p values were calculated 
using the hypergeometric distribution test, with a screening 
condition of p < 0.05. Benjamini-Hochberg method was used 
to control the false discovery rate (FDR), and the corrected 
q-value threshold was set to 0.1.

Molecular docking verification

Based on the ranking of topological parameters, the top 
five compounds from the core formulation of CDDP were 
selected for docking, with the top five proteins among the 
core targets. The protein crystal structures were obtained via 
the AlphaFold database (https://alphafold.ebi.ac.uk/). Tradi-
tional Chinese medicine compounds were sourced from the 
PubChem database to establish the small molecule library. 
The docking process involved the following steps: initially, 
protein crystal structures underwent preparation, which 
included removing water molecules and adding hydrogen 
atoms using AutoDockTools 5.6. The grid center coordinates 
(X, Y, Z) were defined based on the target active site residual 

matrix center, and the grid size covered the binding pocket 
extension 5A region (20×20×20 A³). Subsequently, prepara-
tory tasks such as splitting the small molecule library were 
conducted using Open Babel and the AutoDock program. 
Finally, the AutoDock program executed the docking opera-
tion (Exhaustiveness = 20 to enhance the comprehensiveness 
of the conformation search, and AutoDock default values 
were used for the remaining parameters), visualizing results 
in PyMOL.

Results

Active ingredients and prospective targets of CDDP

Radix Salviae (RS), Panax Notoginseng (PN), and Bor-
neolum Syntheticum (BS) contain 65, 8, and 3 active com-
pounds, respectively (Supplementary Table S1: Basic infor-
mation of active compounds in CDDP). A Venn diagram 
distinctly displays the number of active compounds in each 
herbal component of CDDP based on the intersection of 
active compounds from the three medicinal herbs (Fig. 1A). 
By importing the active compounds and their correspond-
ing targets into Cytoscape 3.7.1 for network analysis, the 
findings unveiled key nodes: MOL000098-Quercetin (De-
gree:45), MOL000006-Luteolin (Degree:30), MOL007154-
Tanshinone IIA (Degree:24), MOL007156-Tanshinone VI 
(Degree:7), and MOL007088-Cryptotanshinone (Degree:6) 
(Fig. 1B). Leveraging the nomenclature of these active com-
pounds, we curated 203 targets from the Uniprot database 

Figure 1. Identification of active compounds and targets in CDDP. A. Venn diagram illustrating the quantity of active compounds within 
each herbal component of CDDP. Yellow color represents Radix Salviae (RS) with 65 compounds, green denotes Panax Notoginseng 
(PN) with 8 compounds, and purple indicates Borneolum Syntheticum (BS) with 3 compounds. B. Critical nodes of active compounds. 
(See online version for color figure.)
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Figure 2. Identification of overlapping goals between compounds and DN. A. Venn chart illustrating the overlap of 135 common targets 
shared by the active compounds of CDDP and the targets associated with DN. B. Network of core components targets disease.

(Table S2: Information of 203 potential targets of CDDP 
active compounds).

Disease targets associated with DN 

We synthesized disease targets sourced from GeneCards and 
OMIM, excluding duplicates, and identified 4716 disease 
targets specific to DN. Detailed information on DN disease 
targets is displayed in Table S3 (Information of DN disease 
targets).

Analysis and construction of the “Active Compound-Disease-
-Shared Target Network”

After eliminating targets with the slightest degree of 
non-contributory, an intersection analysis was conducted 
between CDDP active compounds and those associated 
with DN, identifying 135 potential targets for CDDP’s 

therapeutic action in DN (Fig. 2); these filtered targets are 
considered critical for evaluating the efficacy of CDDP 
compounds in treating DN.

Shared target PPI network

We uploaded 135 overlapping targets to the STRING da-
tabase to generate a PPI network, aiming to elucidate the 
mechanisms by which CDDP applies its therapeutic effects 
on DN. This network comprised 54 nodes and 292 edges, 
where the thickness of the lines denotes the intensity of target 
interactions, and the nodes’ depth of color and size indicate 
higher node degree values. Upon importing the PPI network 
into Cytoscape, we proceeded with additional analysis to 
determine the top 10 targets ranked by node degree and 
betweenness centrality. These targets include tumor protein 
p53 (TP53), signal transducer and activator of transcrip-
tion 3 (STAT3), AKT serine/threonine kinase 1(AKT1), jun 



23Mechanisms of Compound Danshen Dripping Pills

Fi
gu

re
 3

. R
es

ul
ts

 o
f t

he
 G

O
 en

ric
hm

en
t a

na
ly

sis
. A

. G
ra

ph
ic

al
 re

pr
es

en
ta

tio
n 

of
 B

P 
te

rm
s d

er
iv

ed
 fr

om
 G

O
 en

ric
hm

en
t a

na
ly

sis
. B

. B
ub

bl
e d

ia
gr

am
 il

lu
st

ra
tin

g M
F 

ca
te

go
rie

s i
de

nt
i-

fie
d 

th
ro

ug
h 

G
O

 en
ric

hm
en

t a
na

ly
sis

. C
. B

ub
bl

e d
ia

gr
am

 d
ep

ic
tin

g C
C

 ca
te

go
rie

s d
er

iv
ed

 fr
om

 G
O

 en
ric

hm
en

t a
na

ly
sis

. Th
e p

-v
al

ue
 is

 d
ep

ic
te

d 
al

on
g t

he
 h

or
iz

on
ta

l a
xi

s, 
w

hi
le

 th
e 

fu
ll 

na
m

es
 o

f t
he

 p
ro

ce
ss

es
 a

re
 d

isp
la

ye
d 

on
 th

e v
er

tic
al

 a
xi

s. 
Ea

ch
 b

ub
bl

e’s
 co

lo
r a

nd
 si

ze
 in

di
ca

te
 th

e p
-v

al
ue

 a
nd

 g
en

e c
ou

nt
. S

ub
se

qu
en

t b
ub

bl
e c

ha
rt

s f
ol

lo
w

 a
 si

m
ila

r p
re

se
nt

a-
tio

n 
fo

rm
at

. D
. Th

e t
op

 1
0 

BP
, C

C
, a

nd
 M

F 
fr

om
 G

O
 en

ric
hm

en
t a

na
ly

sis
 a

re
 sh

ow
ca

se
d 

w
ith

 o
ra

ng
e, 

gr
ee

n,
 a

nd
 d

ee
p 

bl
ue

 b
ar

s, 
re

sp
ec

tiv
el

y. 
(S

ee
 o

nl
in

e 
ve

rs
io

n 
fo

r c
ol

or
 fi

gu
re

.)

A C

B D



24 Du et al.

proto-oncogene, AP-1 transcription factor subunit (JUN), 
tumor necrosis factor (TNF), estrogen receptor 1 (ESR1), 
interleukin-6 (IL6), mitogen-activated protein kinase 1 
(MAPK1), interleukin-1β(IL1-β), and cyclin D1 (CCND1). 
For more details, see Table 1.

GO enrichment analysis

We performed GO enrichment analysis on 135 commonly 
targeted genes to explore the intricate mechanisms under-
lying CDDP’s effectiveness in treating DN. This analysis 
revealed 4112 biological processes (BP), 468 molecular func-
tions (MF), and 273 cellular components (CC). Visual repre-
sentations in bubble charts (Fig. 3A–C) and bar graphs (Fig. 
3D) highlight a selection of enriched terms in each category, 
totaling 30. Notably, biological processes include responses 
to lipopolysaccharides, steroid hormones, molecules of 
bacterial origin, chemical stress, and reactive oxygen species. 
Molecular functions encompass nuclear receptor activity, 
ligand-activated transcription factor activity, DNA-binding 
transcription factor binding, RNA polymerase II-specific 
DNA-binding transcription factor binding, and cytokine 
receptor binding. Within cellular components, enriched 
terms include membrane raft, membrane microdomain, 
membrane region, RNA polymerase II transcription regula-
tor complex, and transcription regulator complex. Detailed 
summaries of these findings are provided in Table S4 (Results 
of the biological process category terms from GO enrich-
ment analysis), Table S5 (Results of the cellular component 
category terms from GO enrichment analysis), and Table S6 
(Results of the molecular function category terms from GO 
enrichment analysis).

Analysis of KEGG pathways

A KEGG pathway enrichment analysis was performed on 
135 commonly targeted genes, with a significance level set at 
p < 0.05. The analysis revealed significant enrichment of these 

targets across 236 pathways, with detailed findings in Sup-
plementary Table S7 (Information of the top 236 pathways 
based on KEGG enrichment analysis). The top 20 pathways 
exhibiting high enrichment were identified based on gene 
counts (Fig. 4). 

Molecular docking

For validation of the network pharmacology results, we 
used molecular docking to assess the interactions between 
selected pharmaceutical compounds and their correspond-
ing targets. Focusing on the top five critical targets associ-
ated with DN, namely TP53, AKT1, STAT3, JUN, and TNF, 
and the five compounds identified as having the highest 
degree values in the analysis of the herbal compound-target 
network: quercetin, luteolin, tanshinone IIa, tanshinone VI, 
and cryptotanshinone. The binding energies between these 
targets and active compounds are shown in Figure 5, where 
a  binding energy < −1 kcal/mol indicates binding activ-
ity and < −5 kcal/mol suggests binding stability. Notably, 
quercetin exhibited binding energy of −7.4 kcal/mol with 
AKT1, −7.3 kcal/mol with TNF; luteolin showed −7.3 kcal/
mol with JUN, and tanshinone IIa had −7.1 kcal/mol with 
TP53. Additionally, AutodockTools 1.5.6 software revealed 
strong binding affinities between tanshinone IIA and tanshi-
none VI with JUN and luteolin with TNF, indicating their 
potential as drug molecules (Table 2: Binding energy of the 
key target to the active compound). Molecular docking and 
visualization of compound-target interactions using PyMoL 
provide valuable insights into binding patterns between 
herbal compounds and disease-relevant targets (Fig. 6A–D). 

Discussion

DN, a prevalent complication of diabetes, frequently advances 
to ESKD, necessitating life-sustaining treatments such as dialy-
sis or kidney transplantation (Reidy et al. 2014; Anders et al. 

Table 1. Information of 10 core targets

No. UniProt ID Gene Protein name Degree
1 GC17M007661 TP53 Tumor protein P53 40
2 GC17M042313 STAT3 Signal transducer and activator of transcription 3 29
3 GC14M104769 AKT1 AKT serine/threonine kinase 1 29
4 GC01M058780 JUN Jun proto-oncogene, AP-1 transcription factor subunit 28
5 GC06P100202 TNF Tumor necrosis factor 24
6 GC06P151656 ESR1 Estrogen receptor 1 23
7 GC07P022725 IL6 Interleukin 6 21
8 GC22M021759 MAPK1 Mitogen-activated protein kinase 1 20
9 GC02M112829 IL1β Interleukin 1 β 19
10 GC11P069641 CCND1 Cyclin D1 16
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Table 2. Binding energy of the key target to the active compound 
(kcal/mol)

TP53 AKT1 STAT3 JUN TNF
Quercetin −5.3 −7.4* −5.4 −4.1 −7.2*
Luteolin −5.7 −5.3 −4.5 −7.3* −6.2
Tanshinone iia −7.1* −3.2 −4.6 −6.4 −4.2
Tanshione VI −4.2 −3.2 −5.8 −6.4 −5.8
Cryptotanshinone −4.8 −5.2 −5.8 −4.2 −5.3

* The binding thermal energy was in the range of < −6.5 kcal/mol, 
indicating that the binding was relatively stable.

Figure 5. Heatmap of molecular docking scores, showcasing the 
binding affinities between critical targets of herbal compounds and 
active agents (kcal/mol).

2018). Traditional Chinese Medicine has gained recognition 
as a comprehensive therapeutic strategy for DN, providing 
holistic adjustments and multi-target modulation to regulate 
blood glucose levels, enhance renal function, and alleviate 
proteinuria (Liu Z et al. 2022; Zhang et al. 2022; Liu Y et al. 
2023; Chen et al. 2024). CDDP enhances cardiovascular health 
by dilating coronary arteries and improving blood flow (Liu 
Y et al. 2023). Recent studies emphasize CDDP’s antioxida-
tive, anti-inflammatory, and endothelial protective properties, 
especially in microvascular complications associated with 
diabetes, such as retinopathy (Liu L et al. 2022; Fang et al. 2023; 
Tang et al. 2024; Wang et al. 2024; Xu X et al. 2024). Given 
the shared pathological basis between diabetic retinopathy 
and DN, further elucidation of CDDP’s specific bioactive 
components and mechanisms in DN treatment is warranted. 
Consequently, this study utilizes network pharmacology and 
molecular docking to pinpoint potential targets and elucidate 
the pathways through which CDDP impacts DN.

In this study, 76 pharmacologically active compounds 
in CDDP were identified from the TCMSP database, while 

135 potential targets associated with both CDDP and DN 
were retrieved from the GeneCards and OMIM databases. 
The top five bioactive constituents of CDDP comprise 
quercetin, luteolin, tanshinone IIa, tanshinone VI, and 
cryptotanshinone, have been extensively validated in numer-
ous studies for their pharmacological efficacy. For instance, 
Quercetin has shown promising effects in improving renal 
function and alleviating oxidative stress and inflammation 
in DN animal models (Hu et al. 2022; Yan et al. 2023). Its 
antioxidant, anti-inflammatory, lipid-regulatory, and anti-
fibrotic properties contribute to these benefits (Hickson et al. 
2019; Li et al. 2022). Additionally, Quercetin can reactivate 
the Hippo pathway to inhibit mesangial cell proliferation in 
DN, thereby improving renal fibrosis, function, and lipid lev-
els (Ding et al. 2018; Lei et al. 2019; Feng et al. 2023). Luteolin 
exhibits anti-inflammatory and antioxidant properties, miti-
gating podocyte injury, glomerulosclerosis, and interstitial 
fibrosis in DN mouse models (Zhang et al. 2021; Pradhan 
and Kulkarni 2024). Tanshinone IIa inhibits the release of 
inflammatory mediators and renal interstitial fibrosis, thus 
improving DN progression (Xu et al. 2020; Liu et al. 2021). It 
diminishes cellular stress within the endoplasmic reticulum 
and co-modulates the PI3K/Akt/NF-κB pathway, thereby 
ameliorating renal injury and metabolic abnormalities in 
early-stage DN rats (Xu Z et al. 2024). Additionally, Tanshi-
none IIa delays DN progression by regulating the Txnip/
NLRP3 inflammasome-mediated glomerular endothelial 
cell pyroptosis and improves DN-induced renal fibrosis 
through the miRNA-34a-5p axis (Xue et al. 2018; Zhang 
and Yang 2022). These mechanisms of action are intimately 
intertwined with the pathophysiological processes of DN, 
thereby furnishing a  robust theoretical underpinning for 
the application of CDDP in the treatment of this condition.

GO analysis highlighted the multifaceted mechanisms 
of CDDP in DN, implicating processes such as metabolic 
regulation, inflammation, oxidative stress, and apoptosis. 
Central to CDDP’s therapeutic impact are pathways related 
to lipid metabolism, oxidative stress, and inflammation, 
including the AGE-RAGE axis, which is pivotal in diabetic 
complications. Prior research underscores the AGE-RAGE 
system’s role in DN progression, where it activates nuclear 
factor-κB (NF-κB), promoting vascular endothelial growth 
factor (VEGF) and transforming growth factor-β1 (TGF-β1) 
synthesis, monocyte chemotactic protein-1 (MCP-1) up-
regulation, and renal dysfunction via the renin-angiotensin 
system and NADPH oxidase-mediated oxidative stress (Rab-
bani and Thornalley 2018; Tang et al. 2021). The AGE-RAGE 
interaction activates NF-κB, instigating a cascade of events: 
increased adhesion molecules and growth factors, oxidative 
stress, pro-inflammatory cytokine secretion, tissue injury, 
and VEGF-driven proteinuria. This also activates NADPH 
oxidase, exacerbating oxidative stress and renal damage, 
ultimately leading to DN (Bangalore et al. 2016; Deng et al. 
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Figure 6. Docking patterns be-
tween critical targets and active 
compounds: quercetin-AKT1 
(A), quercetin-TNF (B), luteo-
lin-JUN (C) and tanshinone ii 
a-TP53 (D).

A

B

C

D

2018; Yang et al. 2019; Sridhar et al. 2021; Gutiérrez et al. 
2022; Apte et al. 2024; Yu et al. 2024). Moreover, TGF-β1 
release via this pathway triggers extracellular matrix fibrosis, 
advancing renal fibrosis (Hills and Squires 2011; Kim et al. 
2021; Schrauben et al. 2021; Hong et al. 2022; Wang et al. 
2023). In a  hyperglycemic state, renal lipid accumulation 
exacerbates dyslipidemia and atherosclerosis, further com-
promising renal function through endothelial dysfunction, 
inflammation, and oxidative stress. This leads to renal arte-

riosclerosis, membrane injury, and structural abnormalities, 
accelerating DN (Poznyak et al. 2020; Kon et al. 2021; Elbar-
bary et al. 2023). The PI3K/Akt pathway, closely tied to DN 
pathogenesis, regulates cellular responses under high glucose 
conditions, including cell growth, epithelial-mesenchymal 
transition, and lipid metabolism (Hao et al. 2014). Modu-
lating this pathway fosters mitochondrial autophagy and 
HDAC1 suppression, effectively countering oxidative stress 
and apoptosis in diabetic kidneys, thereby alleviating renal 
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injury (Hou et al. 2020; Lei et al. 2021; Su et al. 2021; Xu et 
al. 2021; Ni et al. 2022; Dong et al. 2023; Kong et al. 2023; 
Yao et al. 2023).

Additionally, through the application of sophisticated bio-
informatics methodologies, we have successfully identified 
ten pivotal molecular targets (Table 1), which are intricately 
entwined with the pathogenic mechanisms of DN. Notably, 
these targets demonstrate a  substantial degree of enrich-
ment in network clusters, highlighting their pivotal roles 
as central hubs in the disease’s pathobiological framework. 
Furthermore, molecular docking analyses were performed to 
evaluate the binding affinity between a quintet of paramount 
target proteins (TP53, AKT1, STAT3, JUN, and TNF) and the 
top five bioactive constituents of CDDP: Quercetin, Luteolin, 
Tanshinone IIA, Tanshinone VI, and cryptotanshinone. The 
binding energy profiles, ranging from −3.2 to −7.4 kcal/mol, 
denote a substantial docking capacity, implying a high likeli-
hood of these specific molecular interactions contributing 
to the therapeutic efficacy of CDDP against DN. 

Limitations of this study

Firstly, it is crucial to acknowledge that the foundation of our 
analysis rests upon the collation of data on bioactive com-
pounds and targets sourced from literature and databases; 
thus, the veracity of our predictive outcomes is inherently 
tied to the quality and reliability of these sources, and may 
have database bias. Second, given the inherent nature of our 
data-mining-based approach, the experimental validation is 
lacking. The necessity arises for supplementary validation 
through both clinical trials and animal experimentation. 
Third, assumptions exist in docking simulations, which 
may lead to Results bias. Fourth, there may be potential 
false positives/negatives in target prediction. Recognizing 
these limitations, we embark on human subject validation 
endeavors, all the while remaining vigilant to address these 
methodological constraints, thereby fortifying the scientific 
grounding for CDDP’s utilization in DN therapy.

Conclusion

Our study reveals the complex pharmacodynamics and 
molecular foundations of CDDP in treating DN using an 
unprecedented integration of bioinformatics, network phar-
macology, and molecular docking. We’ve identified querce-
tin, luteolin, tanshinones IIa and VI, plus cryptotanshinone 
as key CDDP components with therapeutic potential against 
DN. CDDP’s mechanisms target diverse pathways, includ-
ing metabolic regulation, inflammation control, oxidative 
stress mitigation, and apoptosis modulation, with a focus on 
AGE-RAGE interactions and lipid-atherosclerotic signaling. 

This work emphasizes CDDP’s multitarget, multipathway 
therapeutic profile in DN therapy, the further clinical treat-
ment could focus on these identified key CDDP compo-
nents, and explore the drugs effective on these targets and 
pathways. This study also serves as a valuable framework for 
exploring the composition and therapeutic targets of other 
Chinese herbal medicines. Investigations have illuminated 
the substantial therapeutic potential of CDDP in address-
ing diabetic microvascular complications, but not in DN, 
especially from the molecular targets due to the intricate 
constitution of CDDP. This study has successfully identi-
fied ten pivotal molecular targets through the application 
of sophisticated bioinformatics methodologies, which might 
be helpful for further treatment explorations. CDDP can be 
applied in a more definite clinical position in the preven-
tive treatment of diabetic nephropathy of different stages 
in the future. Through the research pathway of component 
analysis – target prediction – pathway validation – clini-
cal validation, it is possible to achieve the transition from 
empirical medication to precise treatment in patients with 
diabetic nephropathy.
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