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Shenqi compound formula has been widely utilized to improve aging-related diabetic nephropathy.

Nevertheless, the underlying active ingredients and their molecular mechanisms of action remain

doubtful. Thus, we aimed to identify the Shenqi compound formula mechanism involved in diabetic

nephropathy treatment using system pharmacology. Candidate constituents and targets of Shenqi

compound formula were obtained from traditional Chinese medicine systems pharmacology database.

DisGeNET and GeneCards were utilized to build a diabetic nephropathy target database. A interactive

network diagram of “drug-active ingredient-target” was fabricated employing Cytoscape. Employing

Search Tool for Retrieval of Interacting Genes database, a protein-protein interaction network was

established, protein-protein interaction relationships were analyzed, and visual analysis was implemented.

Afterwards, gene ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis

were implemented to identify the common targets. Finally, AutoDock Vina and PyMoL were utilized to

confirm the molecular docking of key targets. Using electron microscopy, the morphological structure of

MPCS cells was observed. Western blotting was implemented to confirm the protein level in MPCS5 cells.

A total of 165 bioactive Shenqi formula compounds and 566 related target genes were obtained from

traditional Chinese medicine systems pharmacology database. Furthermore, 521 diabetic nephropathy-

related target genes were obtained from GeneCard and DisGeNet databases. We observed that Shenqi

compound formula and diabetic nephropathy share 130 common target genes, providing a molecular basis

to treat diabetic nephropathy with Shenqi compound formula. Protein-protein interaction visualization

analysis showed that protein kinase 1, albumin, and insulin were key target genes. The key components

apigenin, glycine, and quercetin were obtained using degree values. Enrichment analysis showed that

Shenqi compound formula interfered with diabetic nephropathy related signaling. Nephrotic syndrome

type 2 and synaptopodin levels were markedly inferior to normal in the high glucose state, but increased

after Shenqi compound formula treatment, as determined by Western blotting. Shenqi compound formula

treats diabetic nephropathy using multi-component, multi-target, and multi-channel mechanisms. It was

demonstrated that Shenqi compound formula has a beneficial effect on diabetes.
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Diabetic Nephropathy (DN), a Diabetic Complication
(DC), is a major cause of death in patients with
diabetes. A high incidence of DN was demonstrated in
patients with diabetes and renal dysfunction!'. There
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are many causes of DN, among which hypertensive
nephropathy and acute renal failure are the main
causes!?. DN is associated with a history of diabetes
and a pathologically altered structure and function of
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the kidney due to diabetes!!!. Clinical features of DN
include persistently elevated albuminuria, glomerular
hypertrophy, and increased thickness of the glomerular
basement membrane®. It is estimated that by 2030, the
number of diabetes patients will reach 366 million, and
patients with DN will exceed 100 million™. DN severely
affects the health of patients, yet the pathogenesis of DN
remains unclear. Hence, it is crucial to investigate the
pathogenesis and effective treatments of DN. Hence, it
is crucial to establish the pathogenesis of DN and to
explore effective therapeutics for DN.

Under the pathological conditions of hyperglycemia,
insulin resistance, lipid metabolism disorders, etc., DN
patients exhibit endocrine hormone disorders, vascular
cell dysfunction, and other phenomena!®®. Improving
the expression of adipose cytokines, insulin resistance,
and oxidative stress is essential for slowing down or
blocking the DN progression®. The current clinical
treatment of DN involves the control of glucose, blood
pressure, and blood lipid, combined with adoption of
anti-inflammatory drugs, and has greatly improved renal
function in DN patients. Based on Traditional Chinese
Medicine (TCM), DN develops due to yin deficiency,
dryness-heat, and qi-yin deficiency associated with
diabetes and is a typical DC. The pathological changes
in patients of DN mainly involve the lungs, stomach,
spleen, and kidneys. As an empirical prescription to treat
DN, Shenqgi Compound (SQC) formula can effectively
improve renal function and reduce the serum uric acid
and creatinine levels and urinary Albumin (ALB)
excretion rate in DN patients(®l.

SQC contains a variety of herbal medicines!”, including
ginseng, Astragalus, Salvia, radices Trichosanthes,
yam, dogwood, rhubarb, and rehmannia. SQC
has several pharmacological effects, and its main
active constituents can impede DN progression.
Ginseng, a natural plant food, is widely planted in
China and enjoys the reputation of being the “king
of herbs”. According to TCM, ginseng is one of the
best supplements and has shown pharmacological
effects such as tonifying the spleen, lungs, qi, and
blood. Recent pharmacological studies suggested
that ginseng contains abundant Active Components
(ACs), including saponins, polysaccharides, and
volatile oils®. Among these, ginsenosides, which
have anti-inflammatory and antioxidant properties,
are abundant in ginseng®. Ginseng polysaccharides
exhibit several pharmacological activities, including
immune regulation, anti-oxidation, hypoglycemia, anti-
inflammation, and anti-tumoreffects!'’]. Ginseng volatile
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oil is extracted from plants and may alleviate obesity-
related complications owing to anti-oxidative activity!'!l.
These main components have been shown to reduce
blood lipid levels and improve renal hemorheology!'?.
Astragalus polysaccharides are bioACs of Astragalus
membranaceus (A. membranaceus) and pose great
pharmacological impacts, such as regulating cell
levels, and anti-inflammatory activities!!*!4. Recent
studies have shown that A. membranaceus can regulate
glucose metabolism, protect the glomerular basement
membrane, and reduce proteinuria'?. As a natural
medicine in TCM, Salvia miltiorrhiza (S. miltiorrhiza)
promotes circulation and removes stasis in blood.
Tanshinone IIA (Tan IIA) is the main fat-soluble
component of S. miltiorrhiza and plays a crucial role in
immune regulation. Tan IIA can reduce the inflammatory
mediators by regulating the function of immune cells
and restoring abnormal signaling and has shown anti-
tumor activity by inducing cell apoptosis and destroying
tumor cells!'). Radices Trichosanthes have been shown
to lower blood sugar levels. The Chinese yam was
one of the earliest plants to be eaten by humans. As a
starchy food, Chinese yams are very popular among
Chinese people. The main bioAC of Chinese yam is
a non-starch polysaccharide. Studies have noted that
Chinese yam polysaccharides have crucial biological
activities, such as hypoglycemic, anti-inflammatory,
anti-oxidation, and immune regulation!'®. Chinese
yam improves microcirculation and reduces blood
lipid and sugar levels through its anti-inflammatory
activity in SQCU"2!. Cornus officinalis is mainly grown
in Shanxi and Gansu Provinces of China. As a TCM,
fruit has long been adopted to treat kidney diseases and
hypertension. The main ACs of Cornus officinalis were
organic acids and iridoid terpenes. Its active ingredients
have several pharmacological impacts, including anti-
diabetes, anti-oxidation, anti-tumor, anti-inflammatory,
and immune-regulatory effects!!”. Rhubarb was first
recorded in Classic of Shennong Materia Medica and
has been utilized as a laxative in China'®l. The chemical
composition of rhubarb is diversified. Anthraquinone,
anthrone, stilbene, tannin, and polysaccharides are the
main chemical components of thubarb and are associated
with anti-cancer, antibacterial, anti-inflammatory,
and cardio-cerebrovascular activities!'”. As the main
component of SQC, rhubarb can reduce urinary ALB
excretion and improve glomerular hypertrophy!?.
Before clinical use, Rehmannia glutinosa must undergo
various processing procedures. Its main chemical
constituents include iridoid glycosides, phenylethanol
glycosides, monosaccharides and oligosaccharides, and
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they play a synergistic role in anti-inflammatory and
anti-thrombotic activities®".

The main ACs of SQC have many advantages to treat
DN. Nevertheless, the composition of SQC is complex,
making it challenging to demonstrate its mechanism of
action in DN therapy. Hence, network pharmacology
was utilized to investigate mechanism and target of
SQC in DN therapies, to provide theoretical support for
clinical promotion of SQC.

MATERIALS AND METHODS

Screening of active compounds and targets in SQC:

Active compounds of SQC were obtained from
TCM Systems Pharmacology Database and Analysis
Platform (TCMSP) (https://tcmspe.com). Absorption,
Distribution, Metabolism, and Excretion (ADME)
are key factors that determine the biological activity
of drugs. Oral Bioavailability (OB) >30 % and Drug
Similarity (DL) >0.18 were utilized for screening?!l.
OB is the speed and extent of oral drug absorption
from gastrointestinal tract that enters systemic
circulation. DL is the similarity of a compound
to a known drugl®?. After the ACs were decided,
corresponding targets of known ACs were screened
from TCMSP database. The official gene symbol and
UniProt ID of the target protein were extracted from
UniProtKB (https://www.uniprot.org/) database by
restricting the conditions to “Homo sapiens”?"! and
deleted duplicated data.

Target Genes (TGs) related to DN:

By searching the keyword “DN,” known targets
related to insulin resistance were retrieved from
GeneCards (http://www.genecards.org/) and
DisGeNET (https://www.disgenet.org/). The targets
acquired from Genecards and DisgeNET were
screened based on their correlation score!'?. After
merging the results from the two databases, duplicate
values were excluded. The intersection of these
targets regarded as the TGs for DN. The intersection
of drug AC TGs and disease TGs was screened using
Venny 2.1 (https://bioinfogp.cnb.csic.es/tools/venny/
index.html), and those results were considered as
TGs to treat DN for subsequent analysis.

Protein-Protein  Interaction  (PPI) network

establishment and topology analysis:

Search Tool for the Retrieval of Interacting Genes
(STRING) (https://cn.string-db.org/) was utilized
to identify those interacting genes. The database

Special Issue 3, 2024

contains interactions between 2031 species, 9.6
million proteins, and 13.8 million proteins. In
addition to those available experimental data, it
uses bioinformatics methods to predict the results.
Core regulatory genes were identified by studying
the interaction networks between the proteins. The
SQC-DN overlapped targets were imported into
STRING and each predicted protein was related to
the association score (correlation score was 0-1)
(331 The score reflects the biological significance of
the proteins and the confidence of the repeatability
between both proteins. PPI network was fabricated by
setting Homo sapiens and hiding independent nodes.
Using the plug-in in Cytoscape 3.9.1, the network
topology analysis was implemented according to the
center degree, intermediate number center degree,
and close center degree, and the hub TGs of the core
of the PPI network were screened.

Enrichment analysis network establishment:

The PPI data obtained were analyzed to demonstrate
Biological Process (BP) of SQC in DN therapies.
The main targets (betweenness, closeness, and
degree superior to the median) were identified as
the major targets and imported into databases for
annotation, visualization, and integrated discovery.
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway Enrichment
Analyses (EAs) were implemented®!. GO contains
three ontologies, describing gene Molecular Function
(MF), Cellular Component (CC), and BP. As an
internationally standardized functional classification
system, it comprehensively describes gene attributes.
Based on the KEGG database, KEGG enrichment
was analyzed to identify SQC TG-related pathways.
EA and related genes showed specific gene functions
and pathways involved in TG therapy (p<0.05).

Determination of Key Components (KCs) and
targets of SQC in DN therapies:

Using Cytoscape 3.9.1, drug component-target-
pathway interaction network was fabricated, to
identify the possible KCs and corresponding targets
of SQC in DN therapy. Regarding the outcomes of
the “network analysis,” the components with the first
5° values were deemed as KCs of SQC.

Molecular docking:

Molecular docking has a long history being applied
in drug discovery. Molecular docking can be
utilized to identify new compounds with therapeutic
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significance®!. The ligand-target relationship
between SQC and DN was confirmed using molecular
docking experiments. Eleven key targets selected
from the PPI network were sorted based on their
degree value, followed by the selection of the first
five key targets for molecular docking experiments.
PubChem (https://pubchem.ncbi.nlm.nih.gov/) was
utilized to determine the chemical structures of the
bioactive components of the drug. Target protein
structures were screened from Protein Data Base
(PDB) (https://www.rcsb.org/). Finally, molecular
docking was implemented using AutoDock Vina
1.2.0 and visualized using Discovery Studio 4.5.

Validation in vitro:

Preparation of Shenqi compound freeze-dried
powder: SQC consists of various herbs!, including
Ginseng 15 g (lot no: 220319002, Beijing Qiancao
Chinese Medicine; Beverage Co., Ltd.,); Astragalus
15 g (lot no: 220500951, Kangmei Pharmaceutical
Co., Ltd.,); radix et Rhizoma 10 g (Batch No:
210802, Xiamen Yanlaifu Pharmaceutical Co., Ltd.,);
smallpox powder 10 g (lot no: 220503941, Co. Ltd.,);
Danshen 10 g (Batch No: 21123103, Anguo City
Party Pharmaceutical Co., Ltd.,); Yam 10 g (Batch
No: 20201201, Jiaozuo City Du Shengxing TCM
Beverage Co., (Yonggang Beverage Tablets Factory
Co.,).

Preparation of drug-containing serum of
Sprague-Dawley (SD) rats: Sixty SD rats (male=30
and female=30) were acquired from a vendor. The
animals were acquired from Hunan Slaughter Jingda
Laboratory Animal Co. The license number for the
production of laboratory animals is SCXK (Xiang)
2019-002, and the license number for the use of
laboratory animals is SYXK (Chuan) 2020-225. All
rats were 8 w old, and ate and drank freely for 5 d
under standard conditions (22°-24° temperature, 50
%-60 % humidity and 12 h light-dark cycles). 30
SD rats were administered SQC freeze-dried powder
via gavage (SQC group, 1.44 g/kg/d) and 30 SD rats
were administered normal saline via gavage (control
group, 5 ml/kg/d)"?*!. After the final administration, the
animals were anesthetized with 0.3 % pentobarbital
sodium solution (15 ml/kg)?®, euthanized. The
whole blood was collected and serum was separated.
Experimental Animal Care and Ethics Committee of
the Affiliated Hospital of Chengdu University of TCM
approved the experimental protocol, which complied
with National Institutes of Health (NIH) fuidelines
for the care and use of experimental animals.
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Cell culture: MPCS5 cells were from Fenghui
Biological and cultivated in low-sugar Dulbecco’s
modified eagle’smedium (Item No: L170KJ, Shanghai
Yuanpei Biotechnology Co., Ltd.,) with 10 % Fetal
Bovine Serum (FBS) (Item No: 10099141C, Gibco,
United states of America (USA)). MPCS5 cells were
grown at 33°C with 10 U/ml of Interferon-Gamma
(IFN-y). Next, cells were differentiated at 37° for 14
d without IFN-y. MPCS5 cells were stimulated for 24
h with high glucose (30 mM glucose) containing 1
% FBS and SQC (30 mM glucose+7.5 % ginseng
compound-containing serum) for further research.

Electron microscope: Cell centrifuged at 1000 1/
min for 10 min were added with 3 % glutaraldehyde
and fixed at 4° for 2 h, then fixed with 1 % osmic acid
at 4° for 1 h after being rinsed twice with Phosphate
Buffer Solution (PBS). After that, samples were
dehydrated in acetone/isoamyl acetate (1:1)

Western blot: To extract cell protein fragments,
Radioimmunoprecipitation analysis buffer
(Beyotime, Haimen, China) was used. According to
the supplier’s instructions, protein concentrations
were measured after protein extraction. The sample
(10 pg) was separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred
to a nitrocellulose membrane. Nephrotic Syndrome
Type 2 (NPHS2) (Product Code: ab181143, USA)
and synaptopodin (Product Code: ab259976, USA)
were incubated overnight after the sealing of using
5 % skim milk for 1 h. Then, incubation lasted for
1 h with a secondary antibody (Item No: ab205718,
USA). The band intensity was determined by a
Chemiluminescence system (Bio-Rad, Hercules,
California, USA). ImageJ (NIH, Bethesda, Maryland,
USA) was utilized to quantitatively demonstrate
B-actin protein bands.

Statistical analysis:

GraphPad Prism 9.0 was employed. Data were
denoted as meantstandard error. Multiple groups
were compared adopting a one-way Analysis of
Variance (ANOVA), two groups were compared
using Tukey’s test, and the Dunnett’s T3 test was
utilized to examine the uneven variance. p<0.05
implied statistical significance.

RESULTS AND DISCUSSION

A schematic representation of the study flow is
illustrated in fig. 1. In the TCMSP database, 8
Chinese herbs of SQC were screened for 163 active
ingredients by fixing the OB and DL values (Table
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1). Based on 163 active ingredients, the TCMSP
database predicted the target proteins for SQC.
Target proteins were transformed into TGs using the

UniProt database. After removing repetitive TGs,
566 final TGs were identified.

A total of 521 DN-associated genes were obtained
after excluding duplicate values (fig. 2a). A total
of 130 identical SQC and DN-related TGs were
screened using Venny 2.1 (fig. 2b). The crossover
genes were referred to as the genes associated with
DN for SQC treatment.

The 130 common goals were imported into STRING.
Homo sapiens were set in this database, followed
by the confidence threshold set at 0.4. Finally, we
obtained network relationship data for the target
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interaction (fig. 3). Each edge represents a PPI.
The presence of more lines, the higher the degree
of association and ranking of the targets in the PPI
network. PPI network data were then transferred to
Cytoscape to generate a network of 129 nodes with
5900 edges. After screening the three key values
of organism, confidence, and node association to
the median, 11 nodes were identified as primary
targets: ALB, insulin, AKTI, Interleukin (IL)-6,
Peroxisome Proliferator-Activated Receptor Gamma
(PPARG), Vascular Endothelial Growth Factor A
(VEGFA), Tumor Protein 53 (TP53), IL-1 alpha (a),
Signal Transducer And Activator of Transcription 3
(STAT3), Leptosin (LEP), and Caspase-3 (CASP3)
(Table 2 and fig. 4). Finally, 11 nodal targets were
considered key targets to treat DN by SQC.
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Fig. 1: A schematic representation of the study flow

TABLE 1: ACs IN SQF

S

Network construction

AMoleculas Ducking

Molecule ID Molecule name MW OB (%) DL
MOL002879 Diop 390.62 43.59 0.39
MOL000449 Stigmasterol 412.77 43.83 0.76
MOL000358 Beta-sitosterol 414.79 36.91 0.75
MOL003648 Inermin 284.28 65.83 0.54
MOL000422 Kaempferol 286.25 41.88 0.24
MOL004492 Chrysanthemaxanthin 584.96 38.72 0.58
MOL005308 Aposiopolamine 271.34 66.65 0.22
MOL005314 Celabenzine 379.55 101.88 0.49
MOL005317 Deoxyharringtonine 515.66 39.27 0.81
MOL005318 Dianthramine 289.26 40.45 0.2
MOL005320 Arachidonate 304.52 45.57 0.2
MOL005321 Frutinone A 264.24 65.9 0.34
MOL005344 Ginsenoside rh2 622.98 36.32 0.56
MOL005348 Ginsenoside-Rh4_qt 458.8 31.11 0.78
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MOL005356 Girinimbin 263.36 61.22 0.31
MOLO005357 Gomisin B 514.62 31.99 0.83
MOL003648 Inermin 284.28 65.83 0.54
MOL000422 Kaempferol 286.25 41.88 0.24
MOL005360 Malkangunin 432.56 57.71 0.63
MOLO005376 Panaxadiol 460.82 33.09 0.79
MOL000449 Stigmasterol 412.77 43.83 0.76
MOL005384 suchilactone 368.41 57.52 0.56
MOL000211 Mairin 456.78 55.38 0.78
MOL000239 Jaranol 314.31 50.83 0.29
MOL000296 Hederagenin 414.79 36.91 0.75

(3S, 8S, 9S, 10R, 13R, 14S, 17R)-10, 13-dimethyl-
17-(2R,5S)-5-propan-2-yloctan-2-yl]-2, 3, 4, 7,

MOL000033 8,9, 11, 12, 14, 15, 16, 17-dodecahydro-1H- 428.82 36.23 0.78
cyclopenta (a) phenanthren-3-ol
MOL000354 Isorhamnetin 316.28 49.6 0.31
MOL000371 3,9-di-0O-methylnissolin 314.36 53.74 0.48
SQF DN GeneCards Disgenet

Fig. 3: The constructed PPI network
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TABLE 2: KEY TGs AND THEIR UNIPROT IDs

Gene UniProt ID Degree Gene UniProt ID Degree
ALB P02768 228 IL1B P01584 190
INS P01308 232 STAT3 P40763 176
AKT1 P31749 210 TP53 P04637 186
IL6 P05231 210 CASP3 P42574 180
PPARG P37231 190 LEP P41159 166
VEGFA P15692 196
an
e ° e
& ®
. & G ..
g @

Fig. 4: Visualized PPI network, (a): Interaction between 130 overlapping targets; (b): Interaction between main objectives and (c¢):

Interactions between key objectives
Note: Higher node order corresponds to darker color

Metascape  database  (https://metascape.org/gp/
index.html#/main/step1), which can conduct EA of
biological pathways, display PPI network structure
analysis, and rich gene annotation functions, was
utilized to perform GO function and KEGG pathway
EA. To confirm the therapeutic mechanism of SQC,
130 main targets were imported into Metascape
database, and Homo sapiens was set upto perform
GO and KEGG, EA. The screening thresholds were
p<0.05 and q<0.05. Through EA, 1478 GO items
were obtained, including 1363 BP, 43 CC, and 72 MF
items (fig. 5). Studies have shown that in DN, the
SQC targets are mainly located in the chromatin and
plasma membrane. BP are involved in the negative
regulation of smooth muscle adaptation, epithelial
cell differentiation in kidney development, and the
positive regulation of transcription of the Ribonucleic
acid (RNA) polymerase II promoter in the hypoxia
response. MF is mainly involved in the activation of
Mitogen-Activated Protein (MAP) kinase activity,
transcriptional coactivator binding, etc. A total of 167
pathways were identified based on KEGG pathway
EA. Based on p value, the first 20 signaling were
determined (fig. 6). Theseinclude therole of Advanced

in DCs, IL-17 signaling, African trypanosomiasis,
malaria, prolactin signaling, Tumor Necrosis Factor
(TNF) signaling, Chagas disease, Hypoxia Inducible
Factor-1 (HIF-1) signaling, bladder cancer, insulin
resistance, inflammatory bowel disease, fluid shear
stress, atherosclerosis, longevity regulating pathway,
prostate cancer, pertussis, adipocytokine signaling,
leishmaniasis, Th17 cell differentiation, Epidermal
Growth Factor Receptor (EGFR) tyrosine kinase
inhibitor resistance, Programmed Death-Ligand 1
(PD-L1) level, and PD-1 checkpoint pathway in
cancer. Among these, AGE-RAGE signaling was the
most abundantly expressed in DCs (fig. 7).

The active compounds of SQC and TGs were imported
into Cytoscape 3.9.1 to build network structure.
Consequently, an interactive network of 766 nodes
and 1928 edges was formed (fig. 8). Different colors
were utilized to classify the analysis results; blue
for drug name acronyms, red for active compounds,
purple for active compounds common to multiple
drugs, and green for primary TGs. Relationship
between active compounds and TGs is indicated by
connecting lines. This shows that SQC has multi
components, targets, and pathway characteristics to

Glycat%on Endproducts-Receptor for AFlvanc'ed treat DN. Three compounds were screened based
Glycation Endproducts (AGE-RAGE) signaling
Special Issue 3, 2024 Indian Journal of Pharmaceutical Sciences 293
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on the degree values; apigenin (MOL00008), GLY
(MOL000050), and quercetin (MOLO000098). These
compounds were considered key compounds.

We selected three compounds with the top three
degrees as key compounds (apigenin, GLY, and
quercetin) through screening. The key compounds
were docked with the key TGs (AKTI1, ALB, and
insulin) using AutoDock Vina. Visualization was
performed using PyMOL 2.5.3 at the same time.
The absolute value of docking fraction indicates the
affinity between the component and the TG, in which
an absolute value >4.25, >5.0, and >7.0 implies
a certain, favorable, and strong binding activity,
respectively?”l. All three components showed strong
binding with AKT1, and binding energy of each AC
was markedly superior to INS (fig. 9). Notably, the
absolute values of binding energies of GLY with
the three key TGs were <4.25, suggesting poor
binding of GLY with the three key TGs. The specific
binding mode between the key compounds and key

TGs was optimized using PyMoL 2.3.0. The Three-
Dimensional (3D) visualization diagram shows the
connection between KCs and the key targets under
different forces (fig. 10).

Structure of the capillary endothelium was evident
in normal control group, podocyte protrusions
surrounded the basement membrane of the capillary
endothelium, and the cytoplasm contained numerous
auto phagosomes. Relative to normal control group,
the endothelial cells in model group were more
disorganized, and the epithelial cells contained
more vacuoles. The number of autophagy bodies
in the SQC drug-containing serum group increased
vs. control group, and the microvilli were arranged
more systematically, indicating that SQC protected
podocytes from high glucose-induced damage
(fig. 11A). Western blotting demonstrated that vs.
the model, NPHS2 and synaptopodin levels in the
podocyte structure of the SQC drug-containing serum
group was markedly increased (fig. 11B-fig. 11D).

Fig. 5: Results of GO EA (top 10 targets listed)
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AGE-RAGE signaling pathway in diabetic complications 4 .
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Fig. 6: Results of KEGG EA (top 20 targets listed)
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Fig.7: AGE-RAGE signaling in DCs
Note: Red nodules represent the main TGs of SQF in DN
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Fig.10: Molecular docking diagram of KCs and key TGs (3D)
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the structure of podocytes

Note: (C): Control, (Mo): Model and (S): SQF-containing serum. *p<0.05, **p<0.01 or ***p<0.001

Hence, SQC has a protective effect on podocyte
structure.

A diabetic environment can lead to the abnormal
expression of advanced glycosylation products and
increased blood pressure and blood lipids, which
leads to the development of DN The average
kidney weight of patients with DN increases by 1
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Ib compared to that of normal kidneys. Studies
have shown that the renal function of patients with
DN gradually declines?”, but the kidney volume
increases. At present, blood pressure, glucose and
lipid levels in the blood of DN patients are strictly
controlled in the clinic using different interventions%,
Nevertheless, the reported interventions fail to
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prevent DN progression in most patients. Hence, it
is crucial to identify novel mechanisms and drugs for
DN treatment.

Recently, extensive research has focused on
identifying mechanism of TCM to treat DN has been
increased. TCM believes that the causes of DN are
mostly related to phlegm dampness, blood stasis,
and deficiency syndromes. After years of clinical
studies, SQC has become an empirical prescription
for the clinical therapy of DNEBU. Several preclinical
studies noted that SQC can enhance renal function
and pathological damage, and reduce the thickness
of glomerular capillary basement membrane, blood
glucose, and bloodlipidlevelsinanimal models of DN.
As observed, ginseng extract effectively controlled
blood glucose levels in DN induced disease animal
modelP. A. membranaceus reduced renal injury by
regulating apoptosis in the streptozotocin-induced
DN rat model®*. Furthermore, S. miltiorrhiza extract
was shown to improve renal function and reduce
proteinuria by mediating antioxidant stress factors
in a streptozotocin-induced DN mouse model[34].
Nevertheless, the specific mechanism of action
responsible for SQC efficacy in DN treatment is
poorly understood. Hence, the possible mechanism
of SQC to treat DN was elucidated.

In database, 165 ACs were screened from SQC and
566 related targets were identified. The captured
targets were coincident with DN-related targets, and
130 overlapping targets were obtained, implying the
potential molecular basis of SQC in DN therapy.
By building a network for the interaction of drugs,
components, and main targets, it was observed that
SQC acts via multiple targets and pathways in the
prevention and therapy of DN.

We analyzed the PPI network data, visually analyzed
129 nodes, and identified 11 key targets (ALB, INS,
AKTI, IL6, PPARG, VEGFA, TP53, IL1B, STATS3,
LEP, and CASP3). The first three key targets were
determined regarding degree values for the analysis
(AKTI1, ALB, and INS). Serum ALB can regulate
the osmotic pressure of blood colloids®. Proteinuria
is one of the main clinical symptoms of DN, and
its level is positively correlated with renal injury
degreel®®, indicating that ALB is related to DN
progression. Insulin (INS) reduces the concentration
of blood glucose, increases the permeability of
cells to monosaccharides, amino acids, and fatty
acids, and accelerates glycolysis, pentose phosphate
circulation, and glycogen synthesis in the liver.
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Studies have shown that INS can protect the kidneys
by lowering blood glucose levels and preventing
disease progression and renal dysfunction in DN
induced ratsB”. INS has the potential to improve
renal function in DN patients. AKT1 regulates many
diseases®). Several studies noted that AKT1 regulates
glucose uptake by mediating insulin production®”,
regulates cell survival through apoptosis signal-
related kinases*”, and plays an crucial role in gene
transcription. The mechanism of AKT1 might be
associated with regulation of apoptosis and glucose
levels. As reported, SQC lowers blood glucose and
lipid levels, improves glucose metabolism, promotes
insulin secretion, and improves insulin resistance
and hemodynamics!?. The aforementioned studies
on these KCs of SQC provide strong preclinical
evidence to treat DN.

Regarding KEGG pathway enrichment results, main
targets can interfere with DN-related signaling,
such as the AGE-RAGE signaling in DCs, IL-17
signaling, malaria, prolactin signaling, and TNF
signaling. The expression of AGE-RAGE signaling
in DCs is in abundance. AGEs play a crucial role in
DN progression. Additionally, binding of the RAGE
and its ligand causes oxidative stress and chronic
inflammation in renal tissue, which eventually leads
to loss of renal function. Hence, blocking the AGE-
RAGE signaling in DCs may aid DN treatment[*!l.
One key target of AKT1 affects AGE-RAGE signaling
expression in DCs, indicating that it may antagonize
DN progression through this pathway. Through the
KEGG map, we observed that IL-6 might also treat
DN through this signaling. Simultaneously, IL-6
appears to be the main target, as observed during
visual analysis. Clinical trials have shown that SQC
regulates the expression of IL-6, reduces blood
glucose levels, and protects insulin cells in DN
patients4?,

Notably, two key targets of ALB and INS do not
appear in AGE-RAGE signaling in DCs, suggesting
that key targets may not play a role through the
AGE-RAGE pathway. ALB is the most crucial
protein in human plasma and has the functions of
free fatty acids, anti-inflammation, anti-oxidation,
and apoptosis regulation. The function of ALB is to
maintain colloidal osmotic pressure and regulate the
permeability of glomerular capillaries, protect micro-
vessels through anti-inflammatory and anti-oxidative
effects, and affect structure and function of podocytes
by apoptosis regulation*,  Hyperalbuminuria
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and decreased glomerular filtration rate are the key
diagnostic criteria for DN. The rising urinary ALB
excretion rate can reduce glomerular filtration rate
and atrophy of the glomeruli and renal tubules!*>#7.,
Insulin is a protein hormone secreted by B-cells that
regulates metabolism™®. Insulin can promote the
synthesis of glycogen, fatty acids, and proteins as the
only hormone to reduce blood sugar in the body".
Insulin is considered as the greatest scientific and
technological advancement in the 20th century
because it changes the process of diabetes*). DN
is one of the main DCs, suggesting that insulin acts
in DN progression. Hence, even though the two key
targets of ALB and INS do not appear in the highly
expressed signaling, we cannot deny the influence of
these two key targets on DN. The key target comes
from the screening of the median of betweenness
centrality, closeness centrality, and degree, while
AGE-RAGE signaling in DCs is the most abundant
one, which was identified through EA. Their
screening indicators are single, and promoting the
diversification of screening methods is a direction of
attention in the future.

The three KCs of apigenin, GLY, and quercetin have
strong binding energy with three key TGs, suggesting
that these three components are key compounds to
treat DN. The three KCs showed strong potential
affinities for ALB but weak potential affinities for
INS. Ursolic acid and ALB showed the strongest
binding energy (11.5 kcal/mol), which suggested the
reliability of the docking result.

As a natural flavonoid, apigenin exists widely in
herbs, vegetables, and fruits in nature®”.. Based on
public reports, apigenin induces apoptosis®!! and
has anti-inflammatory®®?, anti-oxidative®”, immune
regulatory®®, and anti-cancer activities®¥. Preclinical
and clinical studies indicated that apigenin delays DN
progression by inhibiting glomerular mesangial cell
proliferation®-3¢1, As a KC of SQC, apigenin may be
a KC to treat DN. GLY is an amino acid mainly found
in liver and kidney that exhibits anti-inflammatory
and antioxidant effects but also participates in
the regulation of apoptosist®’**. Appropriate GLY
supplementation can regulate metabolic disorders
in patients with obesity, cancer, or diabetes. Clinical
studies have shown that renal injury can lead to the
accumulation of GLY®?. This phenomenon is not
only observed in patients with DN, Quercetin is a
polypeptide found in plants that exhibits anti-cancer,
anti-inflammatory, anti-viral, and increased capillary
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permeability!®). Appropriate supplementation with
quercetin can improve immunity in the body!*. A
study showed that quercetin reduced blood glucose
levels, 24 urine protein contents, and the glomerular
mesangial matrix expansion index in streptozotocin
induced DN ratsf®*!. Quercetin was found to protect the
kidneys in the DN mouse model¥. These preclinical
studies lay a reliable theoretical basis to treat DN
using quercetin. Apigenin, GLY, and quercetin, as the
KCs of SQC, have shown pharmacological activities
in treating DN in different studies, which provided
more possibilities to explain mechanism of SQC in
treating DN.

In summary, we predicted the possible mechanism
of SQC in DN therapies by cyber-pharmacology and
confirmed it with molecular docking and experimental
verification. Through the construction of the network,
it was observed that one AC binds to multiple targets
and that one target can act on multiple pathways,
which are the characteristics of SQC in treatment of
DN. It is worth noting that some of the KCs screened
by PPI visual analysis did not play arole in expressing
the richest signal pathways, suggesting that EA is
not the only criterion for evaluating DN signaling in
SQC therapy. Next, molecular docking was utilized
to verify the direct interaction between KCs and TGs
to reveal the potential mechanism of SQC in treating
DN. Under an electron microscope, we discovered
that SQC enhanced the sorting of microvilli in cells
and promoted the release of autophagy bodies.
WB confirmed that SQC protected podocytes
from damage caused by high glucose levels. The
mechanism by which SQC protects podocytes may
involve apigenin, GLY, and quercetin. This will be
the focus of our future research.

We are the first to systematically explore the
molecular mechanisms of SQC in DN treatment. SQC
is an effective treatment alternative for DN by acting
on multiple components, targets, and pathways.
Apigenin, GLY, quercetin, and other KCs may target
AKT1, ALB, INS, and other key TGs during DN
treatment. In addition to AGE-RAGE signaling,
several other signaling may play a crucial role in
DCs. SQC has shown efficacy against DN through
its anti-inflammatory effects, anti-oxidation of free
fatty acids, and promotion of glycogen synthesis.
Nevertheless, the exact mechanism of SQC in DN
therapy is unclear and requires preclinical and clinical
studies. Our study provides a basis for elucidating
the mechanism of action of SQC in DN treatment and
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paves the way for future research.
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