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Network pharmacology-based
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targets of astragalus
membranaceous-angelica sinensis
compound acting on diabetic
nephropathy

Youzi Dong?, Quanlin Zhao'?** & Yuguo Wang?

To explore the mechanism of the Astragalus membranaceous (AM)-Angelica sinensis (AS) compound
in the treatment of diabetic nephropathy (DN) we used network pharmacology and molecular
docking. Screen the components and targets of the AM-AS compound in the TCMSP and the BATMAN-
TCM, and establish a component-target interaction network by Cytoscape 3.7.2. After searching
relevant targets of DN in related databases, the common targets of the AM-AS compound and DN
were obtained by comparison. Gene ontology (GO) analysis and Kyoto Encyclopedia of Gene and
Genome (KEGG) pathway enrichment analysis were performed through David database. Molecular
docking was performed by PyMoL2.3.0 and AutoDock Vina software. After screening, 142 main
targets of the AM-AS compound in the treatment of DN have been identified. Target network was
established and the topology of PPl network was analyzed. KEGG pathway enrichment analysis
shows that these targets are related to apoptosis, oxidative stress, inflammation, insulin resistance,
etc. Molecular docking shows that the target proteins have good combinations with the main active
components of the AM-AS compound. AM-AS compound may treat DN by acting on VEGFA, TP53,
IL-6, TNF, MARK1, etc., and regulate apoptosis, oxidative stress, inflammation, glucose, and lipid
metabolism processes. The in vivo study results suggest that AM-AS compound can significantly
reduce the FBG level of diabetic rats, increase the level of INS, improve renal functions, reduce urinary
proteins, inhibit glycogen deposition, granulocyte infiltration and collagen fiber proliferation in renal
tissue, and restrain the progress of DN. In vivo study combined with network pharmacology and
molecular docking methods provides new ideas for the pathogenesis and treatments of DN.

Recent epidemiological studies show that diabetes currently affects more than 440 million people worldwide.
As of 2013, about 11 percent of China’s population had diabetes, and a large portion remained undiagnosed’.
About 24 million people in the United States have diabetes, with type 2 diabetes(T2DM) accounting for the vast
majority?. T2DM is a chronic multi-system disease. Long-term persistent hyperglycemia affects the microvas-
cular system, causing diabetic nephropathy(DN), retinopathy, neuropathy, and other complications®. In a recent
population-based study, the prevalence of DN was reported to be 30.9% in patients with diabetes, in which sub-
standard blood glucose was an important determinant*. DN is one of the major causes of end-stage renal disease
(ESRD), damage caused by diabetes can affect almost all structures of the kidney, and progress much faster than
non-DN patients, and the long-term prognosis is bad. Clinical treatment focuses on controlling blood sugar and
blood pressure, improving renal function, and reducing urine protein®. Traditional Chinese medicine(TCM)
has good effects in improving diabetic symptoms, preventing and treating DN and other complications, and
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improving patients’ quality of life. Our previous studies have found that the medicine for invigorating qi and
promoting blood circulation can lower blood sugar and delay the progress of apoptosis caused by high glucose®’.

Network pharmacology is a new discipline based on the theory of systems biology, which analyzes the network
of biological systems and selects specific signal nodes to design multi-target drug molecules®. The predictability is
a characteristic of network pharmacology, which emphasizes the multi-channel regulation of signaling pathways,
improves the therapeutic effect of drugs, reduces the toxic and side effects, and thus improves the success rate of
clinical trials of new drugs and saves the cost of drug research and development®. Molecular docking is a method
of drug design based on the characteristics of the receptor and the interaction between the receptor and the drug
molecule, a theoretical simulation method for predicting binding patterns and affinity of molecular interactions.
In recent years, molecular docking has become an important technology in the field of computer-aided drug
research'’. In this study, we use network pharmacology methods combined with molecular docking to establish
the AM and AS compound-DN-targets interaction network to provide a basis for further exploration of pathogen
and the interpretation of the mechanism of the AM-AS compound in treating DN.

Methods

Data preparation. The Traditional Chinese Medicine Systems Pharmacology Database and Analysis
Platform (TCMSP"!, http://tcmspw.com/tcmsp.php) is a unique Chinese herbal medicine system pharmacol-
ogy platform, which highlights the role of system pharmacology in TCM. We used this database to obtain the
relationship between the AM-AS compound, targets, and DN. We retrieved all the components of the AM-AS
compound from the TCMSP, and the components’ oral bioavailability (OB) > 30% and drug-likeness (DL) >0.18
is used as the screening condition'’. Enter the target name in the UniProt'* database (https://www.uniprot.org/).
Standardize the genes and record. A Bioinformatics Analysis Tool for Molecular mechANism of Traditional
Chinese Medicine (BATMAN-TCM?", http://bionet.ncpsb.org/batman-tcm/) is the first online bioinformatics
analysis tool specially designed for the research of the molecular mechanism of TCM. BATMAN-TCM will first
predict potential targets for each component, and then perform functional analyses on the above targets, AM
and AS compound-targets-DN association network will be shown. These functions contribute to the under-
standing of the “multi-component, multi-target and multi-pathway” combinational therapeutic mechanism of
the AM-AS compound and provide clues for the following experimental validation. We searched AM and AS
in BATMAN-TCM. The search conditions were Score cutoff>20, P-value cutoff<0.05', and the components
comply with OB >30% and DL >0.18. Standardize the genes and import all the above results into EXCEL. Merge
predicted targets of the two databases, establish the AM and AS compound-component-targets database, and
construct the network diagram by Cytoscape 3.7.2 software.

Search disease targets in the Comparative Toxicogenomics Database (CTD, http://ctdbase.org/), the Online
Mendelian Inheritance in Man database (OMIM, https://www.omim.org/), and the Human Gene Database
(GeneCards, https://www.genecards.org/) with the keyword of "diabetic nephropathy".Take the intersection
with the AM-AS compound targets.

Network construction. We collected these targets and got the AM and AS compound-targets-DN interac-
tion network. The core targets were imported into STRING' (https://string-db.org/). Predicted protein-protein
interactions (PPI) were got with the condition of confidence score>0.9. The above results were imported into
Cytoscape 3.7.2 software for visualization, and the MCODE plug-in was used to screen important PPI network
modules. The GO function (cell function, molecular function, and biological function) analysis and KEGG
pathway enrichment of co-action targets were conducted by the BINGO plug-in and the David database(https://
david.ncifcrf.gov/). P <0.05 indicates significant differences’®.

Molecular docking. The top 5 target proteins in the PPI network were selected for molecular docking.
We download the PDB format file of the 3D structure of the targets in the RCSB PDB (https://www.rcsb.org/)
database and download the mol2 format file of the 3D structure of the core active component from the TCMSP
database. DN clinical recommended drugs (Irbesartan, Canagliflozin, benazepril, captopril) were searched in
DRUNGBANK? (https://go.drugbank.com/). The SDF format files of the 2D structure of the drugs were down-
loaded from the DRUNGBANK database and were converted to the mol2 format file by Open Babel 3.1.1.
Molecular docking with the main active components of the AM-AS compound recommended drugs, and core
target proteins were performed by PyMoL 2.3.0 and AutoDock Vina'®. The binding activity is evaluated by the
lowest binding efficiency.

In vivo study. Materials and equipment. Streptozotocin (STZ) was purchased from Sigma company,
the SGLT-2 inhibitor(SGLT-2i) canagliflozin (Invokana, 100 mg/tablet x 10 tablets, H20170375) was obtained
from Janssen-Cilag S.p. A.. AM and AS granules were purchased from the Affiliated Hospital of the Shandong
University of Traditional Chinese Medicine (specifications: 10 g/package). Rat insulin (INS) ELISA kit, rat 32-
microglobulin (f2-MG) ELISA kit, and rat microalbuminuria (MAU) ELISA kit were purchased from Wuhan
Huamei Biological Engineering Co., Ltd. Rat blood urea nitrogen (BUN) mensuration reagent kit, serum cre-
atinine (Scr) mensuration reagent kit and glycosylated serum proteins (GSP) mensuration reagent kit were pur-
chased from Changchun Huili biotech Co., Ltd. Ultrasonic cell crusher (JY92-IIn, Ningbo Xinzhi Biotechnol-
ogy Co., Ltd.), automatic biochemical analyzer (Chemray 240, Rayto Co., Ltd.), enzyme label detector (Epoch,
BioTeK Company) and microscopes (NIKON Eclipse ci, MADE IN JAPAN) were provided by the laboratory of
Affiliated Hospital of Shandong University of Traditional Chinese Medicine.
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Figure 1. Venn of compounds’ screening. After preliminary screening, there are 87 components of AM, 125
components of AS, and 4 components shared by both AM and AS.

Animals. 20 SPF male Sprague-Dawley (SD) rats were provided by Jinan Pengyue Experimental Animal
Breeding Co., Ltd. The whole study followed the requirements of relevant guidelines'®?° and was approved by
the requirements of the Experimental Animal Ethics Committee of the Affiliated Hospital of Shandong Univer-
sity of Traditional Chinese Medicine(AWE-2019-007). The rats were divided randomly into 4 groups, 5 in each
group, including blank control (BC) group, negative control (NC) group, astragalus membranaceous-angelica
sinensis compound (AM-AS) group, and canagliflozin (SGLT-2i) group. The latter two are positive controls(PC).
The rats of the BC group were fed with a normal diet, and the rests were fed with high-fat and high-sugar diets
for 6 weeks. After fasting for 12 h, STZ (30 mg kg™') was injected intraperitoneally. Rats with 3 consecutive times
fasting glucose levels > 16.7 mmol L™ 72 h after the injection were considered diabetic and were included in the
study? 22,

Experimental design. The rats of each group were given intragastric administration on the second day after
the successful establishment of the model. The AM-AS group was given 1 g mL™" AM-AS compound solution
(5.40 g kg™ day) by stomach irrigation. The SGLT-2i group was given a canagliflozin solution, and the dose was
converted according to the relevant guidelines?***. During the medication period, the BC group was given a
normal diet, and the rests were given high-fat and high-sugar diets. The general conditions of rats were observed
daily, and the bodyweight (WB) and FBG were measured weekly. After 12 weeks of intragastric administration,
the rats were killed and the renal tissues were separated quickly. Paraffin sections were made and were treated
with HE staining and Masson staining. The pathological and ultrastructural morphological observations were
carried out, and the degree of renal tissue damage, fibrous connective tissue hyperplasia, and inflammatory cell
infiltration were compared. One-way ANOVA was used to analyze the data by IBM SPSS 19.0. P<0.05 was con-
sidered statistically significant.

Results

Data preparation. After combining the results we searched in TCMSP and BATMAN-TCM, 208 compo-
nents of the AM-AS compound were obtained (Fig. 1). These components were screened with the condition of
OB >30% and DL >0.18 and the percentage of active components finally included were calculated (Fig. 2). After
further screening, 22 components were obtained (Table 1), including 2 components of AS and 20 components of
AM. There are 634 core prediction targets, including 93 of AS and 541 of AM, and 58 common targets(Fig. 3).
1993 disease targets were searched in TTD, DrugBank, DisGeNET, CTD, OMIM, and GeneCards databases,
which related closely with DN.

142 common potential targets of AM and AS compound-DN were obtained by further comparing and screen-
ing, which correspond to 18 active components (Fig. 4). There are 14 components connect with more than 10
targets, including MOL000098 quercetin (122), MOL000422 kaempferol (51), MOL000354 isorhamnetin (27),
MOL000358 B-sitosterol (27), MOL000449 bean sterols (23), MOL000371 3,9-dioxymethyl nisolin (21), etc.
These components may play an important role in the pathogenesis and treatment of DN. There are 18 compo-
nents’ target number > 3, indicating the complexity of the mechanism in treating DN with the AM-AS compound.

Network construction. 142 common targets were imported into the STRING database, as shown in Fig. 5.
The PPI network of the AM-AS compound against DN was gathered by Cytoscape 3.7.2. We performed cluster
analysis of the PPI network, extracted the targets with degree Centrality (DC) values greater than 1 times the
median or 2 times the median, and screened out the top 14 targets in the number of nodes by CytoHubba plug-
in (Fig. 6). GO analysis results show that 502 biological processes (BP), 45 cell components (CC), 96 molecular
functions (MF) were obtained in the David database. Sorted by the degree of significance, the BP of AM and AS
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Figure 2. Proportion of active components included. Among the components of AM, 50.57% meet OB >30%,
54.02% meet DL >0.18, and the final inclusion ratio is 22.99%. Among the components of AS, 22.99% meet
OB =>30%, 8.80% meet DL >0.18, and the final inclusion ratio is 1.60%.

Mol _ID Component name OB (%) | DL

MOL000398 Isoflavanone 109.99 0.3

MOLO000378 | 7-O-Methylisomucronulatol 7469 0.3

MOL000392 Formononetin 69.67 0.21
MOL000433 Fa 68.96 0.71
MOL000438 (3R)-3-(2-Hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26
MOL000380 (6aR,11aR)-9,10-Dimethoxy-6a,11a-dihydro-6H-benzofurano(3,2-cchromen-3-ol 64.26 0.42
MOL000211 Mairin 55.38 0.78
MOL000371 3,9-di-O-Methylnissolin 53.74 0.48
MOL000239 Jaranol 50.83 0.29
MOL000354 Isorhamnetin 49.6 0.31

Table 1. Components of AM-AS compound (top 10 of OB value).

compound-DN-targets is significantly enriched in drug response, negative regulation of apoptosis process, posi-
tive regulation of RNA polymerase II promoter transcription, deficiency Oxygen response, positive regulation of
gene expression, inflammatory response, aging, etc. MF is mainly enriched in enzyme binding, protein binding,
transcription factor binding, protein isomerization activity, RNA polymerase II transcription factor activity,
steroid hormone receptor, protein kinase binding, cytokine activity, etc. CC is mainly enriched in the extracel-
lular space, extracellular zone, cytoplasm, mitochondria, fossa, nucleoplasm, extracellular matrix, plasma mem-
brane, etc. (Table 2). Further analysis by the BINGO plug-in is shown in Fig. 7.

120 KEGG enrichment pathways related to DN were obtained with the condition of P <0.05. Sorted by
the target number of the pathway, we select pathways with the number of genes> 20 (Fig. 8). Cancer pathway,
PI3K-Akt signaling pathway, proteoglycan in cancer, hypoxia-inducible factor-1(HIF-1) signaling pathway, and
tumor necrosis factor signaling pathway are included. There are 43 disease-related pathways, including type 1
diabetes(T1DM), T2DM, pancreatic cancer, rheumatoid arthritis, hepatitis B, hepatitis C, non-alcoholic fatty
liver, cancer pathway, tuberculosis, etc. Inflammation-related pathways include TNF signaling pathway, nuclear
transcription factor-kB (NF-kB) signaling pathway, etc. In addition, there are the HIF-1 signaling pathway, insulin
resistance pathway, cyclic adenosine monophosphate (cAMP) signaling pathway, etc. AM-AS compound may
act on these pathways against DN.

Molecular docking. Among the 18 core active components, we select the top 5 target proteins (IL-6, TP53,
VEGFA, TNE MARK]1) in the PPI network whose degree>10 in the "AM and AS compound- DN-targets"
interaction network. The core active components (quercetin, kaempferol, isorhamnetin, etc.) were molecularly
docked by AutoDock Vina, as shown in Table 3. The absolute values of the docking score indicate the affinity
of the components with the targets and the stability of the conformation. The absolute value greater than 4.25
indicates a certain binding activity, greater than 5.0 indicates a good binding activity, and greater than 7.0 indi-
cates a strong binding activity?®. The molecular docking results showed that the binding ability of quercetin,
kaempferol, and isorhamnetin to TP53 was stronger, and the binding energy of each active component was
stronger than that of captopril. The binding energy of p-sitosterol and stigmasterol to IL-6 is higher than that
of benazepril, captopril, and irbesartan. The binding ability of each active component with VEGFA is poor but
stronger than captopril. Quercetin, formononetin, mullein, kaempferol, and TNF have stronger affinity than
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Figure 3. Interaction Nnetwork of AM&AS compound-components-targets. Red inverted triangles represent
AM and AS, purple diamonds represent active components, and green rectangles represent target genes, which
are grouped by degree centrality (DC) values.

canagliflozin, benazepril, and captopril. Comprehensive analysis shows that the docking scores of quercetin with
TP53 and stigmasterol with IL-6 have the largest absolute value among the five targets. The targets TP53, IL-6,
VEGFA, TNE, and MARK]1 have the strongest affinity with quercetin, stigmasterol, and kaempferol. The specific
binding patterns of the target proteins and components were processed and optimized by PyMoL2.3.0 (Fig. 9).

In vivo study. General conditions. 'The levels of FBG and WB relief of rats in the NC group were higher
than those in the BC group (P<0.01). Compared with the NC group, the general conditions of the positive con-
trol groups (AM-AS group & SGLT-2i group) were significantly improved (P<0.01). The comparison between
the two groups showed that the effect of reducing FBG and interfering with WB in the SGLT-2i group was more
significant than that in the AM-AS group (P <0.05), as shown in Table 4.

Medical laboratory examination. NC group and BC group have apparent disparities in GSP, BUN, Scr, INS
(Corrected OD value), f2-MG, and MAU (P<0.01). Compared with the NC group, the AM-AS group has huge
ameliorations in BUN, INS, f2-MG, and MAU (P<0.01), and has many improvements in GSP and Scr (P<0.05).
All of the above was more significantly different in the SGLT-2i group than in the AM-AS group (P<0.01), espe-
cially in reducing INS, f 2-MG, and MAU. Both positive-control groups have great effects on regulating BUN,
GSP, and Scr, as shown in Tables 5 and 6.

Pathological observation. Through HE staining, the structure of glomeruli and tubules of rats in the BC group
was distinct, the arrangements of renal tubules were compact, the glomerular capillaries were demarcated, and
a small amount of granulocyte infiltration could be observed visibly. In the NC group, it can be seen that a small
number of renal tubules dilated and renal tubular epithelial cells narrowed and vacuolated. The nucleus of renal
tubular epithelial cells was hyperchromatic, suspected to be glycogen deposition. The glomerular capillaries were
distinct in the visual field, granulocytes were infiltrated, and some glomerular capillaries were congested. In the
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Figure 4. Interaction network of AM&AS compound- DN-targets. The red triangles represent AM and AS, the
purple circles represent the active components, and the blue rectangles represent the target genes of the AM-AS
compound acting on DN, which are divided by degree centrality (DC) values. The number of edges connected
to the node in the network represents the degree of freedom.

AM-AS group, the renal tubules dilated, the epithelial cells of renal tubules narrowed, and the structures of glo-
merular capillaries did not change significantly. In the SGLT-2i group, the renal tubules were tightly arranged, a
few renal tubules were dilated, the renal tubular epithelial cells were flat, and the glomerular capillary structure
had no obvious changes. The above two groups were improved after treatments, suggesting that AM-AS com-
pound can inhibit the vacuolation of renal tubular epithelial cells, reduce glycogen deposition and granulocyte
infiltration, and delay the progression of DN (Fig. 10).

Masson staining showed that there were no obvious proliferations of blue-stained collagen fibers in the kid-
ney tissue of rats in the BC group. In the NC group, there were more blue-stained collagen fibers around blood
vessels and local renal tubulointerstitium. The increase of blue-stained collagen fibers could be seen in the local
renal tubulointerstitium of both the AM-AS group and SGLT-2i group, suggesting that the AM-AS compound
can inhibit the production of collagen fibers and slow down the process of renal fibrosis of DN(Fig. 11).

Discussion

According to the clinical manifestations, diabetes mellitus (DM) is the same as “Xiaoke” in TCM, and the earli-
est records of etiology and pathogenesis can be traced back to "Neijing". As "Lingshu" records: “People who are
weak in the five viscera are prone to ‘Xiaoke” It has been realized that insufficiency of the innate endowment is
an important internal factor causing diabetes. "Suwen" records: “Patients who often eat luscious and fatty foods
may produce ‘internal heat. And sweetness can result in abdominal bloating, which affects the abnormal spleen
and stomach mobilization. Then damp-heat overflows and diabetes occurs” Irregular diet, gastrointestinal heat
buildup, and consumption of yin are considered to be the main pathogenesis. “Xiaoke” is divided into multiple
syndrome types according to different disease locations, pathogenesis, and symptoms. Among them, the syn-
drome of insufficient kidney yin corresponds to DN, which known as "Xiaxiao"."Sheng Ji Zong Lu" records: "The
cause of this disease is the deficiency of essence and blood, which results in insufficient of kidney yin. Patients
are often thirsty for drinking water, which is transported down to the bladder, resulting in a lot of urine. Other
symptoms include calf muscle wasting and sore joints. Therefore, it was also named "Xiaoshen™. The TCM patho-
genesis of DN is based on deficiency in origin(Spleen and Kidney) and excess in superficiality(blood stasis, water
dampness, turbidity). Early lesions are qi and yin injuries, liver and kidney deficiency, blood stasis blocking. Then
yin deficiency causes yang deficiency, spleen, and kidney deficiency, resulting in water retention and overflowing

Scientific Reports |  (2021) 11:19496 | https://doi.org/10.1038/s41598-021-98925-6 nature portfolio



www.nature.com/scientificreports/

KCNMA1

F7

Figure 5. PPI network. Network nodes represent proteins: colored nodes represent query proteins and the first
shell of interactors; white nodes represent the second shell of interactors; empty nodes represent proteins of
unknown 3D structure; filled nodes represent some 3D structure that is known or predicted. Edges represent
protein—protein associations: the light blue edges represent from curated databases; the fuchsia edges represent
experimentally determined; the green edges represent gene neighborhood; the red edges represent gene fusions;
the dark blue edges represent gene co-occurrence; the light green edges represent text mining; the black edges
represent co-expression; the light purple edges represent protein homology. The thickness of the line in the
figure represents the strength of the force.

to the skin. The deficiency of qi and yang can make blood flow unfavorable and aggravate stasis. In the end-stage,
the water stays and gathers due to the decline of the kidney yang. Critical symptoms occur as a result of damp
toxins, which attack the stomach and heart. Therefore, spleen deficiency is the key pathogen of DN; lack of spirit
qi is the root pathogen of DN, and blood stasis is involved in the whole course of DN.

The principle of TCM treating DN is to " strengthening the body resistance to eliminate pathogenic fac-
tors" and "balance the yin and yang". In clinical treatment, the urgency of the syndromes and symptoms must
be distinguished. Treat symptomatically in acute cases, and remove the primary disease in chronic cases. “Jin
Gui Yao Lue” records effective prescriptions such as “White Tiger Plus Ginseng” decoction and “Shengi” pills,
which have been highly praised by clinical physicians so far. "Tai Ping Sheng Hui Fang" contains dry Rehmannia
prescription and “Shen Li Yuan” prescription. "Sheng Ji Zong Lu" proposed “Liu Wei Di Huang” pills, “Zi Cui”
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Figure 6. Core targets topology. The figure shows the topology of the PPI network. The color of the targets
changes from blue to red according to the DC value, and red represents the core targets. The black box shows all
the targets, the green box shows the targets whose DC value is greater than 1 times the median, and the blue box
shows the targets whose DC value is greater than 2 times the median, which are the core targets of this study.

Category | Gene function Count | P-value

BP Response to drug 30 1.05x 1072
BP Negative regulation of apoptotic process 34 4.97x107%
BP Positive regulation of transcription from RNA polymerase II promoter 42 1.68x 10718
BP Positive regulation of transcription, DNA-templated 32 2.31x10718
BP Response to hypoxia 20 2.55x1071¢
BP Positive regulation of gene expression 23 3.38x107'¢
BP Cellular response to hypoxia 16 2.27%x1071
BP Inflammatory response 25 8.71x 1071
BP Response to estradiol 15 2.50%x 1071
BP Aging 18 3.54x1071
MF Enzyme binding 32 535%x 1072
MF Protein binding 120 1.28x1071¢
MF Identical protein binding 32 7.18x1071
MF Transcription factor binding 21 2.29x 1071
MF Protein heterodimerization activity 20 1.01x108
MF RNA polymerase II transcription factor activity, ligand-activated sequence-specific DNA binding | 8 1.58x 108
MF Steroid hormone receptor activity 9 1.86x 1078
MF Protein homodimerization activity 24 3.29%x10°®
MF Protein kinase binding 17 9.26x107®
MF Cytokine activity 12 2.45%107
CcC Extracellular space 48 1.42x 107"
CcC Membrane raft 16 5.96x 107!
CcC Extracellular region 39 2.06x1071°
CC Cytosol 58 3.83x1071°
cC Mitochondrion 32 1.96x10°8
cC Caveola 9 3.46x10°*
CC Nucleoplasm 45 1.13x10°°
CcC Extracellular matrix 13 3.09% 107
cC Plasma membrane 56 6.49x10°
CC Nucleus 67 9.72x107°

Table 2. GO analysis of core targets (top 10).

decoction, “Zuo Gui” decoction, and many other famous prescriptions. Zhang Xichun, a famous doctor in
the Qing dynasty, reused AM and Chinese yam in the "Yuye” decoction, which meant to invigorate the qi and
invigorate the spleen to cure diabetes.

A large number of studies have concluded that the blood system of DM patients is usually hypercoagulable.
Long-term hypercoagulability is an important cause of impaired renal function, and DM patients have higher
incidences of thrombosis?*. When proteinuria occurs in DN, the activity of clotting factors in plasma is higher?’.
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Figure 7. Functional enrichment analysis.

Therefore, we believe that DN occurs because of the long course of diabetes, leading to the deficiency of the spleen
and kidneys, and the inability to transport water and dampness, which causes the overflow. Patients often have
"blood stasis" symptoms, such as hyperlipidemia, hyperviscosity, microcirculation disorders, etc. Therefore, the
treatment should be based on strengthening the spleen and kidney, replenishing spirit, and promoting blood
circulation, and removing blood stasis. Treating both symptoms and primary disease can often receive a satisfac-
tory curative effect. AM-AS compound is one of the representative Chinese herbal medicine pairs, which has a
large number of theoretical foundations and wide clinical applications. Because it can not only form a party on
its own but also can be used as a basic drug pairing prescription, it has been valued by the doctors of the past
generations. The prescription principle of the AM-AS compound is the distribution theory of qi and blood, which
includes nourishing qi and blood, replenishing qi with invigorating blood, and replenishing qi with promoting
blood circulation. "Qi is the commander of blood, and blood is the mother of qi", which means that sufficient
spleen qi can transport and transform the essence into the lungs, and sufficient lung qi can combine with heart
qi to generate blood, which can spread throughout the body. That combination also implies the mutual use of yin
and yang. Qi belongs to yang and blood belongs to yin. The mutual nourishment of yin and yang facilitates the
vitality of qi and metaplasia of blood. AM-AS compound is one of the common clinical prescriptions. Therefore,
we studied the AM-AS compound by network pharmacology method and performed preliminary verification
by molecular docking.

Through the analysis of the AM and AS compound-DN-targets network, we found that the main active com-
ponents of the AM-AS compound treating DN included quercitrin, kaemferol, isorhamnetin, Bsitosterol, stig-
masterol, etc. By topological analysis of the PPI network, we found that the core targets were TNE, IL-6, MAPKI,
MAPKS, AKT1, JUN, etc. Quercetin mainly affects IL-6, VEGFA, and TP53. Kaempferol mainly affects TNE GO
analysis showed that the BP of AM-AS compound against DN mainly concentrated in the direction of apoptosis,
positive regulation of RNA polymerase II promoter transcription, hypoxia response, inflammatory response, etc.
The main pathways obtained by KEGG analysis include PI3K-Akt signaling pathway, TNF signaling pathway;,
NE-«B signaling pathway, MAPK signaling pathway, HIF-1 signaling pathway, FOXO signaling pathway, etc.
31 pathways contain IL-6, such as HIF-1 signaling pathway and insulin resistance pathway, etc. 104 target genes
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Figure 8. Pathways of AM-AS compound against DN (count > 20).

connect closely with IL-6. 33 pathways contain TP53, such as MAPK signaling pathway and P53 pathways, etc.
100 target genes connect closely with TP53. 13 pathways contain VEGFA, such as the PI3K-Akt signal pathway.
100 target genes are most closely related to VEGFA. 41 pathways contain TNE, such as the hepatitis B signal-
ing pathway and cancer proteoglycan pathway. And 99 target genes are most closely related to TNFE. Molecular
docking showed that the core targets IL-6, TP53, VEGFA, TNF, and MARK1 had a certain binding activity with
the main active components such as quercetin, kaempferol, and isorhamnetin. AM-AS compound may improve
oxidative stress, inhibiting inflammation, and reducing insulin resistance to treat diabetic glomerular disease
and renal fibrosis by acting on IL-6, TP53, VEGFA, TNE, and other targets to regulating TNF signaling pathway,
insulin resistance, tumor necrosis factor signaling pathway, etc. The possibility of treating DN with the AM-AS
compound was preliminarily verified by molecular docking.

It was found that the AM-AS compound significantly reduces the level of insulin resistance and affects lipid
metabolism in early atherosclerosis of diabetic rats®®. AM and its extract can lower blood sugar levels, increas-
ing glomerular filtration rate, reducing urinary protein, preventing glomerular mesangial thickening®’, and
delaying the progression of DN**-32. AS compound help reduces the expression of NF-kB, transform growth
factor-p1(TGF-P1), glycosylation end products (AGEs), the blood glucose and urinary albumin excretion rate.
AS has a certain renal protection effect, such as regulating creatinine clearance rate in diabetic rats**. Quercetin
can improve renal function by reducing oxidative stress, the overexpression of TGF-B1, and connective tissue
growth factor (CTGF) in renal tissue of diabetic rats**. Kaempferol decreases the expression of tumor necrosis
factor-a (TNF-a), interleukin-1B(IL-1p), and TGF-f1 in NRK-52E cells induced by high glucose. Kaempferol
restrains the processes of oxidative stress, inflammatory response, and fibrosis®>, promotes insulin release®. By
inhibiting the NF-kB signaling pathway, isorhamnetin interferes the expression of downstream TNF-a, IL-1p,
IL-6, intercellular adhesion molecule-1 (ICAM-1), and TGF-p1, thereby alleviating the inflammatory response
and oxidative stress®’, improving fasting blood glucose and lipid metabolism, and protecting kidney?®.

PI3K/Akt signaling pathway is closely related to glucose metabolism and is one of the downstream pathways
of insulin. Overactivation of the PI3K/Akt signaling pathway can lead to structural damage and functional
abnormalities of podocytes, which cause proteinuria®**’. VEGF interferes with angiogenesis and transforma-
tion of renal tubular epithelial cells to mesenchymal cells (EMT) by affecting PI3K/Akt signaling pathway*'.
TGF-B1 can stimulate cell proliferation and regulate ECM synthesis*, and the MAPK pathway can mediate the
matrix deposition in the mesangial region. By blocking the TGF-3/MAPK/PPAR-y pathway, the AM compound
improves the blood glucose level, blood urea nitrogen (BUN), 24 h proteinuria, and other renal function indexes
in diabetic rats*»*%. HIF-1 plays a critical role in the prevention of early response to tissue damage caused by
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Compound\Affinity(kcal/mol)  TP53(3dcy) IL-6(4cni) VEGFA(4k TNF(4twt) MAPKI1(6q

zn) 7s)

Quercetin -8.3 -6.7 -5.6 -7.9 -5.9
Jaranol 7.6 —6.7 5.3 —7.2 5.3
Hederagenin -7.9 —6.8 5.3 —4.7 59
Isorhamnetin 8.1 —6.8 5.5 -7.3 -5.8
Beta-Sitosterol —7.2 -8.2 5.2 -5.3 5.4
3,9-di-O-Methylnissolin -7.5 —6.7 -5 -7.2 =5.1
7-O-Methylisomucronulatol -7.4 —6.7 -5 —6.5 -6
(6aR,11aR)-9,10-dimethoxy-
6a,11a-dihydro-6H-

-8.2 5.9 —4.8 5.6 54
benzofurano[3,2-c]chromen-3-
ol
Bifendate —7.6 —6.5 5.2 —6.9 5.2
Formononetin -7.4 —6.6 —4.8 —7.5 -5.3
Calycosin -7.4 —6.9 =5.1 -7.9 5.4
Kaempferol -8.1 —6.6 5.6 -8 5.7
1,7-Dihydroxy-3,9-dimethoxy

7.4 —7 —5.2 1.5 —6
pterocarpene
Stigmasterol 7.6 -8.3 -5.2 -5.7 -5.7
Benazepril -8.4 —6.8 -6 -7.2 —6.2
Irbesartan -9.3 -7.9 5.7 9.1 =7
Captopril -6 —4.3 -3.5 —5.7 -3.8
Canagliflozin -9 8.4 —6.3 -7.4 —6.7

Table 3. Docking results of core target proteins and core active components.

diabetes, and abnormal HIF-1 signaling pathways can accelerate kidney damage*. HIF can activate NF-xB*.
The NF-kB signaling pathway is a transduction pathway of inflammatory signals, which is closely related to the
development of DN*. Hypoxia can inhibit the activity of PHD1, leading to the activation of IKK, which in turn
phosphorylates IkB, and leading to the transcriptional activation of downstream genes, such as inflammatory
factors*. Our previous research found®’ that the AM-AS compound can improve the related clinical symptoms
of DN rats by regulating NF-kB and IL-6 related genes or pathways. Astragaloside IV combined with ferulic
acid can intervene NF-kB, TNF-a pathway and improve the endothelial dysfunction of diabetic vascular disease.
TNF signaling pathways are mainly related to immune function and inflammatory response. TNF-a can activate
NF-«B, induce inflammatory cell infiltration, aggravate renal fibrosis, and eventually lead to renal injury®. It
was found that the AM-AS compound could affect the concentration of TNF-a%, and their extracts inhibit the
proliferation and fibrosis of glomerular mesangial cells (GMCs) in diabetic rats*. AM polysaccharides can reduce
the levels of serum IL-6 and Angll in DM rats, and inhibit the expression of TGF-p1 and TNF-a™.

The results of in vivo study show that the AM-AS compound can inhibit collagen fiber proliferation and
inflammation in diabetic rats. Combined with the results of molecular docking, we can speculate that AM-AS
compound may act on key signal pathways such as TNF pathway, insulin resistance pathway, HIF-1 pathway,
NE- kappa B pathway, and cAMP pathway through core targets such as TNF, IL-6, VEGFA, TP53, CASP3, JUN,
AKT1 and so on. By this means, AM-AS compound can regulate the synthesis of NO, inhibit inflammatory
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Figure 9. Molecular docking patterns. The yellow lines represent the hydrogen bond interaction force, which is
the main force promoting molecule binding with the active site.

Group n | FBG (mmolL™) | WB (mg)

BC 5 [4.08+0.35 463.00+16.06

NC 5 [28.46+1.4144% 361.40 + 14.7444%
AM-AS |5 |19.32£1.2644%% | 396.20 + 18.8644*
SGLT-2i |5 |17.08+0.8444% | 417.40+11.2824#

Table 4. General conditions of rats (X+S). 24P <0.01 vs. BC, P <0.01 vs. NC, *P<0.05 vs. SGLT-2i.

Group n GSP (mmol-L BUN (mg-dl') Scr (umol-L) INS (nIU-mL)
BC 5 1.60+0.18 15.15+1.97 15.75+3.32 0.57+0.06

NC 5 2.77£0.3584% 31.50+3.5344% 3227 +£4.1644% 0.21+£0.1044*
AM-AS 5 2.27+0.2144% 2243 £2.6544% 20.80+3.174% 0.34+0.0384:##%
SGLT-2i 5 1.96+0.32% 19.43+2.274# 18.21+2.38% 0.45+0.084#

Table 5. Medical laboratory examination of serum (X+S). 24P <0.01 vs. BC, #P<0.05 vs. BC, *P <0.01 vs.
NG, P <0.05 vs. NC, *P <0.05 vs. SGLT-2i.
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BC 5 |0.55+0.05 0.34+0.06

NC 5 | 1.05£0.0744% | 0.88+0.0944*
AM-AS |5 |0.81£0.0344%* | 0.66+0.0844*
SGLT-2i |5 |0.68+0.0844%  |0.45+0.04"

Table 6. Medical laboratory examination of urine(X ). 24P <0.01 vs. BC, *P <0.01 vs. NC, *P<0.05 vs.
SGLT-2i.

AM-AS SGLT-21

Figure 10. Renal tissue cells of rats (HE x 200).

reactions, oxidative stress, glycogen depositions, and collagen fiber formations, prevent abnormal morpholo-
gies of renal cells and dilatations of renal tubules, reduce urinary protein leakages, improve renal functions, and
restraint renal functions damage caused by high glucose. The results of this study also suggest the accuracy of
target prediction in network pharmacology.

Conclusion

Through analysis of the main biologically active components of the AM-AS compound and their pharmacologi-
cal mechanism, it is found that the AM-AS compound acts on multiple targets and proteins of multiple signal
pathways, intervenes inflammation and oxidative stress delays the progression of DN. In the follow-up study,
we plan to design animal pharmacological experiments in vivo and in vitro to conduct in-depth observations
on the mechanism of the AM-AS compound in treating DN, to provide more references for its clinical applica-
tion and development.
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Figure 11. Renal tissue cells of rats (Masson x 200).

Received: 7 January 2021; Accepted: 16 September 2021
Published online: 30 September 2021

References

1.

2.

3.

e}

10.

11.

12.

13.

14.
15.

16.

17.

18.

Ma, R. C. W. Epidemiology of diabetes and diabetic complications in China. Diabetologia 61, 1249-1260. https://doi.org/10.1007/
$00125-018-4557-7 (2018).

Stolar, M. Glycemic control and complications in type 2 diabetes mellitus. Am. J. Med. 123, S3-11. https://doi.org/10.1016/j.amjmed.
2009.12.004 (2010).

Faselis, C. et al. Microvascular complications of type 2 diabetes mellitus. Curr. Vasc. Pharmacol. 18, 117-124. https://doi.org/10.
2174/1570161117666190502103733 (2020).

. Zhou, Y. et al. Prevalence of chronic kidney disease across levels of glycemia among adults in Pudong New Area, Shanghai, China.

BMC Nephrol. 14, 253. https://doi.org/10.1186/1471-2369-14-253 (2013).

. Umanath, K. & Lewis, J. B. Update on diabetic nephropathy: core curriculum 2018. Am. J. Kidney Dis. 71, 884-895. https://doi.

org/10.1053/j.ajkd.2017.10.026 (2018).

. Yin, Y., Qi, E, Song, Z., Zhang, B. & Teng, J. Ferulic acid combined with astragaloside IV protects against vascular endothelial

dysfunction in diabetic rats. Biosci. Trends 8, 217-226. https://doi.org/10.5582/bst.2014.01081 (2014).

. Yin, Y. et al. Combination of and ameliorates vascular endothelial cell dysfunction by inhibiting oxidative stress. Evid. Based

Complement. Alternat. Med. 2020, 6031782. https://doi.org/10.1155/2020/6031782 (2020).

. Hopkins, A. L. Network pharmacology. Nat. Biotechnol. 25, 1110-1111 (2007).
. Li, S. & Zhang, B. Traditional Chinese medicine network pharmacology: Theory, methodology and application. Chin. J. Nat. Med.

11, 110-120. https://doi.org/10.1016/S1875-5364(13)60037-0 (2013).

Pinzi, L. & Rastelli, G. Molecular docking: Shifting paradigms in drug discovery. Int. J. Mol. Sci. https://doi.org/10.3390/ijms2
0184331 (2019).

Ru, J. et al. TCMSP: A database of systems pharmacology for drug discovery from herbal medicines. J. Cheminform. 6, 13. https://
doi.org/10.1186/1758-2946-6-13 (2014).

Pichler, K., Warner, K. & Magrane, M. SPIN: Submitting sequences determined at protein level to uniprot. Curr. Protoc. Bioinform.
62, 52. https://doi.org/10.1002/cpbi.52 (2018).

Liu, Z. et al. BATMAN-TCM: A bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine. Sci. Rep.
6, 21146. https://doi.org/10.1038/srep21146 (2016).

Cai, L. & Kang, Y. . Cell death and diabetic cardiomyopathy. Cardiovasc. Toxicol. 3,219-228 (2003).

Szklarczyk, D. et al. STRING v11: Protein-protein association networks with increased coverage, supporting functional discovery
in genome-wide experimental datasets. Nucleic Acids Res. 47, D607-D613. https://doi.org/10.1093/nar/gky1131 (2019).

Song, Z., Yin, E, Xiang, B., Lan, B. & Cheng, S. Systems pharmacological approach to investigate the mechanism of for Alzheimer’s
disease. Evid. Based Complement. Alternat. Med. 2018, 5194016. https://doi.org/10.1155/2018/5194016 (2018).

Wishart, D. S. et al. DrugBank 5.0: A major update to the DrugBank database for 2018. Nucleic Acids Res. 46, D1074-D1082.
https://doi.org/10.1093/nar/gkx1037 (2018).

Trott, O. & Olson, A. J. AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient
optimization, and multithreading. J. Comput. Chem. 31, 455-461. https://doi.org/10.1002/jcc.21334 (2010).

Scientific Reports |

(2021) 11:19496 | https://doi.org/10.1038/s41598-021-98925-6 nature portfolio


https://doi.org/10.1007/s00125-018-4557-7
https://doi.org/10.1007/s00125-018-4557-7
https://doi.org/10.1016/j.amjmed.2009.12.004
https://doi.org/10.1016/j.amjmed.2009.12.004
https://doi.org/10.2174/1570161117666190502103733
https://doi.org/10.2174/1570161117666190502103733
https://doi.org/10.1186/1471-2369-14-253
https://doi.org/10.1053/j.ajkd.2017.10.026
https://doi.org/10.1053/j.ajkd.2017.10.026
https://doi.org/10.5582/bst.2014.01081
https://doi.org/10.1155/2020/6031782
https://doi.org/10.1016/S1875-5364(13)60037-0
https://doi.org/10.3390/ijms20184331
https://doi.org/10.3390/ijms20184331
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1186/1758-2946-6-13
https://doi.org/10.1002/cpbi.52
https://doi.org/10.1038/srep21146
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1155/2018/5194016
https://doi.org/10.1093/nar/gkx1037
https://doi.org/10.1002/jcc.21334

www.nature.com/scientificreports/

19.
20.
21.
22.

23.

24.

25.

26.
27.
28.
29.
30.
31.
32.

33.

34,

35.

36.

37.
38.
39.
40.
41.
42.
43.
44,

45.

46.
47.

48.
. Chen, W, Li, Y. M. & Yu, M. H. Astragalus polysaccharides: An effective treatment for diabetes prevention in NOD mice. Exp.

50.

Kilkenny, C., Browne, W. J., Cuthill, I. C., Emerson, M. & Altman, D. G. Improving bioscience research reporting: The ARRIVE
guidelines for reporting animal research. PLoS Biol. 8, €1000412. https://doi.org/10.1371/journal.pbio.1000412 (2010).

National Research Council (US). Committee for the Update of the Guide for the Care and Use of Laboratory Animals (National
Academies Press, 2011).

Yue, T. et al. Combination of coenzyme Q10-loaded liposomes with ultrasound targeted microbubbles destruction (UTMD) for
early theranostics of diabetic nephropathy. Int. J. Pharm. 528, 664-674. https://doi.org/10.1016/j.ijpharm.2017.06.070 (2017).
Lu, Q. et al. Quercetin inhibits the mTORC1/p70S6K signaling-mediated renal tubular epithelial-mesenchymal transition and
renal fibrosis in diabetic nephropathy. Pharmacol. Res. 99, 237-247. https://doi.org/10.1016/j.phrs.2015.06.006 (2015).

Sathi, M. M. et al. The combination of canagliflozin and omega-3 fatty acid ameliorates insulin resistance and cardiac biomarkers
via modulation of inflammatory cytokines in type 2 diabetic rats. Korean J. Physiol. Pharmacol. 22, 493-501. https://doi.org/10.
4196/kjpp.2018.22.5.493 (2018).

Nair, A. B. & Jacob, S. A simple practice guide for dose conversion between animals and human. J. Basic Clin. Pharm. 7, 27-31.
https://doi.org/10.4103/0976-0105.177703 (2016).

Hsin, K.-Y., Ghosh, S. & Kitano, H. Combining machine learning systems and multiple docking simulation packages to improve
docking prediction reliability for network pharmacology. PLoS ONE 8, €83922. https://doi.org/10.1371/journal.pone.0083922
(2013).

Wada, J. & Makino, H. Inflammation and the pathogenesis of diabetic nephropathy. Clin. Sci. 124, 139-152. https://doi.org/10.
1042/CS20120198 (2013).

Duran-Salgado, M. B. & Rubio-Guerra, A. F. Diabetic nephropathy and inflammation. World J. Diabetes 5, 393-398. https://doi.
org/10.4239/wjd.v5.i3.393 (2014).

Xue, M. et al. Danggui Buxue decoction ameliorates lipid metabolic defects involved in the initiation of diabetic atherosclerosis;
identification of active compounds. J. Trad. Chin. Med. 40, 414-421. https://doi.org/10.19852/j.cnki.jtcm.2020.03.009 (2020).
Ehnert, S. et al. TGF-1 as possible link between loss of bone mineral density and chronic inflammation. PLoS ONE 5, e14073.
https://doi.org/10.1371/journal.pone.0014073 (2010).

Li, T.-H., Hou, C.-C,, Chang, C.L.-T. & Yang, W.-C. Anti-hyperglycemic properties of crude extract and triterpenes from poria
cocos. Evid. Based Complement. Alternat. Med. https://doi.org/10.1155/2011/128402 (2011).

Loniewski, I. & Wesson, D. E. Bicarbonate therapy for prevention of chronic kidney disease progression. Kidney Int. 85, 529-535.
https://doi.org/10.1038/ki.2013.401 (2014).

Ren, S., Zhang, H., Mu, Y., Sun, M. & Liu, P. Pharmacological effects of Astragaloside IV: A literature review. J. Tradit. Chin. Med.
33,413-416 (2013).

Liu, I. M., Tzeng, T.-E, Liou, S.-S. & Chang, C. J. Beneficial effect of traditional chinese medicinal formula danggui-shaoyao-san
on advanced glycation end-product-mediated renal injury in streptozotocin-diabetic rats. Evid. Based Complement. Alternat. Med.
2012, 140103. https://doi.org/10.1155/2012/140103 (2012).

Lai, P-B., Zhang, L. & Yang, L.-Y. Quercetin ameliorates diabetic nephropathy by reducing the expressions of transforming growth
factor-B1 and connective tissue growth factor in streptozotocin-induced diabetic rats. Ren. Fail. 34, 83-87. https://doi.org/10.3109/
0886022X.2011.623564 (2012).

Sharma, D., Gondaliya, P., Tiwari, V. & Kalia, K. Kaempferol attenuates diabetic nephropathy by inhibiting RhoA/Rho-kinase
mediated inflammatory signalling. Biomed. Pharmacother. 109, 1610-1619. https://doi.org/10.1016/j.biopha.2018.10.195 (2019).
Sharma, D., Kumar Tekade, R. & Kalia, K. Kaempferol in ameliorating diabetes-induced fibrosis and renal damage: An in vitro
and in vivo study in diabetic nephropathy mice model. Phytomedicine 76, 153235. https://doi.org/10.1016/j.phymed.2020.153235
(2020).

Qiu, S, Sun, G., Zhang, Y, Li, X. & Wang, R. Involvement of the NF-«B signaling pathway in the renoprotective effects of isor-
hamnetin in a type 2 diabetic rat model. Biomed. Rep. 4, 628-634 (2016).

Matboli, M. et al. Epigenetic modulation of autophagy genes linked to diabetic nephropathy by administration of isorhamnetin
in Type 2 diabetes mellitus rats. Epigenomics 13, 187-202. https://doi.org/10.2217/epi-2020-0353 (2021).

Wang, X.-M. et al. Interplay between the Notch and PI3K/Akt pathways in high glucose-induced podocyte apoptosis. Am. J. Physiol.
Renal Physiol. 306, F205-F213. https://doi.org/10.1152/ajprenal.90005.2013 (2014).

Eid, A. A. et al. AMP-activated protein kinase (AMPK) negatively regulates Nox4-dependent activation of p53 and epithelial cell
apoptosis in diabetes. J. Biol. Chem. 285, 37503-37512. https://doi.org/10.1074/jbc.M110.136796 (2010).

Lee, S.-H., Zahoor, M., Hwang, J.-K., Min, D. S. & Choi, K.-Y. Valproic acid induces cutaneous wound healing in vivo and enhances
keratinocyte motility. PLoS ONE 7, e48791. https://doi.org/10.1371/journal.pone.0048791 (2012).

Barrientos, S., Stojadinovic, O., Golinko, M. S., Brem, H. & Tomic-Canic, M. Growth factors and cytokines in wound healing.
Wound Repair Regen. 16, 585-601. https://doi.org/10.1111/j.1524-475X.2008.00410.x (2008).

Lee, S.J. et al. Effects of alpha-lipoic acid on transforming growth factor betal-p38 mitogen-activated protein kinase-fibronectin
pathway in diabetic nephropathy. Metabolism 58, 616-623. https://doi.org/10.1016/j.metabol.2008.12.006 (2009).

Han, H. et al. Huanggi decoction ameliorates streptozotocin-induced rat diabetic nephropathy through antioxidant and regulation
of the TGF-B/MAPK/PPAR-y signaling. Cell. Physiol. Biochem. 42, 1934-1944. https://doi.org/10.1159/000479834 (2017).
Bohuslavova, R., Cerychova, R., Nepomucka, K. & Pavlinkova, G. Renal injury is accelerated by global hypoxia-inducible factor
1 alpha deficiency in a mouse model of STZ-induced diabetes. BMC Endocr. Disord. 17, 48. https://doi.org/10.1186/s12902-017-
0200-8 (2017).

Cummins, E. P. et al. Prolyl hydroxylase-1 negatively regulates IkappaB kinase-beta, giving insight into hypoxia-induced NFkappaB
activity. Proc. Natl. Acad. Sci. USA 103, 18154-18159 (2006).

Mezzano, S. et al. NF-kappaB activation and overexpression of regulated genes in human diabetic nephropathy. Nephrol. Dial.
Transplant. 19, 2505-2512 (2004).

Melloul, D. Role of NF-kappaB in beta-cell death. Biochem. Soc. Trans. 36, 334-339. https://doi.org/10.1042/BST0360334 (2008).

Clin. Endocrinol. Diabetes 116, 468-474 (2008).
Ren, X.-D., Zhang, Y.-W., Wang, X.-P. & Li, Y.-R. Effects of Dangguibuxue decoction on rat glomerular mesangial cells cultured
under high glucose conditions. BMC Complement. Altern. Med. 17, 283. https://doi.org/10.1186/s12906-017-1774-4 (2017).

Acknowledgements

This work is supported by the National Natural Science Foundation of China (Nos. 81774254). We wish to
acknowledge Mr. Shangkun Miao, Shandong Boyan Academy Education Consulting Co., Ltd., for his kind advice
in the manuscript preparation.

Author contributions
Y.Z.D. conceived the experiment, Y.Z.D. and Y.G.W. conducted the experiment, Q.L.Z.and Y.Z.D. analyzed the
results. All authors reviewed the manuscript.

Scientific Reports |

(2021) 11:19496 | https://doi.org/10.1038/s41598-021-98925-6 nature portfolio


https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1016/j.ijpharm.2017.06.070
https://doi.org/10.1016/j.phrs.2015.06.006
https://doi.org/10.4196/kjpp.2018.22.5.493
https://doi.org/10.4196/kjpp.2018.22.5.493
https://doi.org/10.4103/0976-0105.177703
https://doi.org/10.1371/journal.pone.0083922
https://doi.org/10.1042/CS20120198
https://doi.org/10.1042/CS20120198
https://doi.org/10.4239/wjd.v5.i3.393
https://doi.org/10.4239/wjd.v5.i3.393
https://doi.org/10.19852/j.cnki.jtcm.2020.03.009
https://doi.org/10.1371/journal.pone.0014073
https://doi.org/10.1155/2011/128402
https://doi.org/10.1038/ki.2013.401
https://doi.org/10.1155/2012/140103
https://doi.org/10.3109/0886022X.2011.623564
https://doi.org/10.3109/0886022X.2011.623564
https://doi.org/10.1016/j.biopha.2018.10.195
https://doi.org/10.1016/j.phymed.2020.153235
https://doi.org/10.2217/epi-2020-0353
https://doi.org/10.1152/ajprenal.90005.2013
https://doi.org/10.1074/jbc.M110.136796
https://doi.org/10.1371/journal.pone.0048791
https://doi.org/10.1111/j.1524-475X.2008.00410.x
https://doi.org/10.1016/j.metabol.2008.12.006
https://doi.org/10.1159/000479834
https://doi.org/10.1186/s12902-017-0200-8
https://doi.org/10.1186/s12902-017-0200-8
https://doi.org/10.1042/BST0360334
https://doi.org/10.1186/s12906-017-1774-4

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Q.Z.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports|  (2021) 11:19496 | https://doi.org/10.1038/s41598-021-98925-6 nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Network pharmacology-based investigation of potential targets of astragalus membranaceous-angelica sinensis compound acting on diabetic nephropathy
	Methods
	Data preparation. 
	Network construction. 
	Molecular docking. 
	In vivo study. 
	Materials and equipment. 
	Animals. 
	Experimental design. 


	Results
	Data preparation. 
	Network construction. 
	Molecular docking. 
	In vivo study. 
	General conditions. 
	Medical laboratory examination. 
	Pathological observation. 


	Discussion
	Conclusion
	References
	Acknowledgements


