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Background: Glomerulonephritis is a common urinary system disease among children. 
Growing evidence suggests that traditional Chinese medicine has potential in treating 
glomerulonephritis, such as Li-Da-Qian mixture. Although its anti-glomerulonephritis and 
alleviating hematuria effects have been reported, the exact mechanism of Li-Da-Qian 
mixture devoting to glomerulonephritis remains unexplored. It was necessary to explore 
the mechanism of Li-Da-Qian mixture against glomerulonephritis using modern technology, 
such as Chinese medicine database and molecular biological experiments.
Methods: Online databases were used to look up ingredients and predict targets of Li-Da-Qian 
mixture against glomerulonephritis. The intersecting targets of Li-Da-Qian mixture and glomer-
ulonephritis were selected for enrichment analysis. Cytoscape software was applied to establish 
network and MCODE analysis. Molecular docking was used for the primary validation. 
Furthermore, we examined the function of the core compounds analyzed from Li-Da-Qian 
mixture to rescue LPS-induced inflammation in vivo and vitro. We also explored whether the 
core compounds can alleviate TGFβ1-induced renal fibrosis in mouse proximal tubular cells.
Results: Network pharmacological analysis of Li-Da-Qian evaluated 20 active ingredients 
including baicalein, luteolin and quercetin. A total of 113 key targets were screened, 
including IL6, VEGFA, TP53, EGF, MMP2, etc, and they were enriched in AGE-RAGE 
signaling pathway in diabetic complications, TNF and IL-17 signaling pathways. Moreover, 
the core ingredients succeeded in binding to the main targets via molecular docking, further 
identifying the anti-glomerulonephritis effects and improvement of vascular injury. Western 
blotting and qPCR also suggested that baicalein and luteolin can improve inflammation and 
restore disturbance of mesangial cells or kidney induced by LPS. In addition, baicalein and 
luteolin inhibited renal fibrosis in vitro.
Keywords: glomerulonephritis, network pharmacology, Li-Da-Qian mixture, traditional 
Chinese medicine, molecular docking

Introduction
Glomerulonephritis is one of the most common urinary system diseases, which is 
associated with environmental changes, genetic predisposition and immune disorder.1 

The accumulation of immune complexes in the kidney leads to the activation of effector 
immune cells, the release of cytokine and the secretion of enzymes including matrix 
metalloproteinases (MMPs).2–4 The above substances make a concerted effort to damage 
glomerular capillary tuft. Acute post-streptococcal glomerulonephritis (APSGN) which is 
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usually seen in children’s hospital mainly occurs in pediatric 
age group and primarily occurs in developing countries.5,6 

Pediatric patients suffering from APSGN usually completely 
recover. However, when the kidney presents abundant cres-
cents, rare APSGN cases can evolve into chronic kidney dis-
ease, which is an independent risk factor resulting in end-stage 
kidney disease.7,8 Therefore, pediatricians should pay more 
attention to APSGN to prevent renal malignant development. 
Antibodies, renal biopsy and immunosuppression therapy are 
not routinely warranted in APSGN.7 At present, there is no 
specific treatment for APSGN, so new powerful and effective 
drugs need to be developed.

Traditional Chinese medicine makes great contributions 
to treating kidney diseases, which is famous for mild nature 
and less side effects. For instance, Huang Qi Huai (HQH) 
granules, which contain polygonatum, trametes robiniophila 
murr and wolfberry fruit, can attenuate nephrotic syndrome 
and postpone the development of human primary glomeru-
lar diseases.9,10 Celastrol extracted from Chinese medicine 
Tripterygium wilfordii protects against acute kidney injury 
derived from cisplatin, probably through stabilizing mito-
chondrial function and suppressing NF-κB signaling.11 

Doctors from Nanjing children’s hospital use Li-Da-Qian 
mixture to treat acute glomerulonephritis, which is a kind of 
Chinese medicine mixture made by our hospital. The con-
stituent herbs in Li-Da-Qian mixture are comprised of 500g 
LIZHICAO (common sage), 250g DAJI (all-grass of 
Thistle), 250g XIAOJI (Setose Thistle) and 500g 
CHEQIANCAO (all-grass of rippleseed plantain) which 
were extracted, concentrated, and dissolved in 1000mL 
purified water. The mixture has been used to attenuate 
hematuria resulting from APSGN for over fifty years. A 
study from Ma found that Li-Da-Qian mixture could reduce 
edema, recover blood pressure and accelerate the time to 
start diuresis in APSGN patients.12 To clarify the mechan-
ism of Li-Da-Qian mixture, modern technology is needed to 
provide a stable scientific basis, such as computational 
systems pharmacology, Western blotting and qPCR.13 The 
study is aimed to prove the healing effects and underlying 
mechanism of Li-Da-Qian mixture.

Materials and Methods
The Collection of Active Ingredients in Li- 
Da-Qian Mixture
To find as many active ingredients in Li-Da-Qian mixture 
as possible, we searched Traditional Chinese Medicine 
Systems Pharmacology Database and Analysis Platform 

(TCMSP, https://tcmsp-e.com/), Traditional Chinese 
Medicine Database@Taiwan (TCM@Taiwan, http://tcm. 
cmu.edu.tw/), BATMAN-TCM (http://bionet.ncpsb.org. 
cn/batman-tcm/), Traditional Chinese Medicines 
Integrated Database (TCMID, http://www.megabionet. 
org/tcmid/) and The Encyclopedia of Traditional Chinese 
Medicine (http://www.tcmip.cn/ETCM/index.php/Home/ 
Index/index.html), with the keywords Lizhicao, Daji, 
Xiaoji and Cheqiancao respectively. TCMSP is a profes-
sional systems pharmacology platform of Chinese herbal 
medicines consisting of 449 herbs for looking up the inner 
relationship among drugs, targets and diseases.14 TCMSP 
has two key indexes called oral bioavailability (OB) and 
drug-like (DL), which is the reason for being applied 
preferentially. OB is the fraction of a dose that reaches 
the blood circulation for oral drugs reflecting pharmacoki-
netic characteristics.15 DL is used to judge whether inves-
tigative ingredients are similar with reported compounds.15 

It is generally acknowledged that the ingredients meeting 
OB > 30% and DL > 0.18 are recognized active com-
pounds and suitable for the next analysis.14 

TCM@Taiwan, BATMAN-TCM, TCMID and ETCM 
database do not include OB and DL, but they can be 
used for searching some other ingredients and targets 
that are not found in TCMSP.

The Retrieval of Relative Targets of 
Active Ingredients of Li-Da-Qian Mixture 
and Glomerulonephritis
TCMSP database was taken for prior for retrieving poten-
tial targets of active ingredients. Additionally, UniProt 
(https://www.uniprot.org) is used to annotate gene names 
from TCMSP. Related targets of glomerulonephritis are 
obtained from Online Mendelian Inheritance in Man 
(OMIM, https://www.omim.org/) and Genecards (https:// 
www.genecards.org/).16,17 OMIM and Genecards are web-
sites integrating the information between diseases and 
genes, which were used for finding reported targets of 
glomerulonephritis.

The Electronic Drawing of Ingredient– 
Target–Disease Network
Both active ingredients and corresponding targets were 
input into Cytoscape 3.6.1 (https://cytoscape.org/) to 
establish ingredient–target–disease network. The core 
ingredients were obtained from the above network.
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The Use of Target Genes of Li-Da-Qian 
Mixture to Treat Glomerulonephritis for 
Analyzing Protein–Protein Interaction 
(PPI) Network, Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and 
Genomes (KEGG)
STRING (https://string-db.org/) is a free public database 
widely used to construct the network of protein–protein 
interaction (PPI).18 STRING database can calculate each 
interaction scores between targets. The scores are directly 
proportional to the confidence. The following actions were 
operated in sequence, choosing “multiple proteins”, listing 
the intersecting genes of Li-Da-Qian mixture and glomer-
ulonephritis, selecting “Homo sapiens” for searching and 
medium confidence (0.4) was set. GO and KEGG results 
were achieved as well as PPI network because of built-in 
function of Integrated Discovery website (DAVID, https:// 
david.ncifcrf.gov/) in STRING.19

Verification of Ingredient–Target 
Interaction via Molecular Docking
“Key-Lock” principle is the basic theory of molecular dock-
ing, which reflects the association between small-molecule 
ligands and protein receptors. In this research, the crystal 
structure files of all proteins were downloaded from the 
RCSB PDB database (http://www.rcsb.org/). The receptor 
structure was edited by AutoDockTools with removal of 
water molecules, adding polar hydrogen atoms, adding 
Kollman Charges and save PDB file as PDBQT file. The 
ligand structure was downloaded from PubChem (https:// 
pubchem.ncbi.nlm.nih.gov/) and it was necessary to per-
form energy minimization parameters by PyRx. The final 
docking operation was also edited in PyRx, and the binding 
energy between ligands and receptors was acquired. When 
the binding energy of the ingredient-target complex is less 
than or equal to −5KJ/mol, it indicates that the two can 
spontaneously bind. Finally, both two-dimensional and 
three-dimensional interactions were presented in 
Discovery Studio 4.5 software for visualization.

Animal Model
Wild-type 8-week-old C57BL/6J mice were obtained from 
Zhejiang Vital River Laboratory Animal Technology Co., 
Ltd. (Zhejiang, China) and were maintained on a 12-h light 
and 12-h dark cycle in a standard SPF animal room. LPS 
(L2880, LPS from E. coli 055:B5) bought from Sigma- 

Aldrich (St. Louis, MO, United States) induced kidney 
injury. Mice were divided into six groups: control group 
(n=6), 10mg/kg baicalein treatment group (n=6), 20 mg/kg 
baicalein treatment group (n=6), 30mg/kg LPS group (n=9), 
30mg/kg LPS+10mg/kg baicalein group (n=9) and 30mg/kg 
LPS+20mg/kg baicalein group (n=9). Baicalein (10 or 
20mg/kg) were given by intraperitoneal injection 2h before 
and 12h after LPS (30mg/kg) intraperitoneal injection, 
respectively, and the blank control group and LPS group 
were equally injected with an equal volume of vehicle. At 
24h after LPS injection, the mice were sacrificed, and then 
kidney tissues and blood were collected and stored at −80°C 
or fixed in 4% paraformaldehyde (PFA).

Histopathological Evaluation
The middle parts of kidney tissues in paraffin were orderly 
dehydrated with graded alcohol and embedded in paraffin. 
The kidney tissues in paraffin were cut into 3μm sections 
for hematoxylin and eosin staining (H & E staining). 
Images were captured with an Olympus BX51 microscope 
(Olympus, Tokyo, Japan).

Cell Culture and Cell Counting Kit-8 
(CCK-8) Assay
The mouse mesangial cell line (MC) was bought from the 
China Center for Type Culture Collection. Cells were 
cultured in DMEM supplemented with 10% PAN fetal 
bovine serum in a humidified 5% CO2 and 37°C atmo-
sphere. Mouse proximal tubular cells (mPTCs) were 
obtained from American Type Culture Collection (ATCC, 
Manassas, VA) and cultured in DMEM/F-12 medium sup-
plemented with 10% PAN fetal bovine serum under the 
same culture conditions as mesangial cells.

Cell viability was tested with CCK-8 assay kit 
(KGA317; KeyGen Biotech, China). In brief, 500 MCs 
were seeded per well in a 96-well plate and treated with 
luteolin (0–80 μM) in medium without serum for 24 h 
when confluence reached 60–70%. Then, 10 μL CCK-8 
reagent was added to the each well, and the culture was 
incubated for 0.5–2 h according to the actual changes of 
color. The absorbance value was detected at 450 nm with a 
Multiskan FC microplate reader (Thermo Fisher, 
Shanghai, China).

Drug Treatment
After MCs or mPTCs met 60%–70% confluence, they 
were pretreated with baicalein (MCE, Cat. No. HY- 
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N0196) at 20μM or luteolin (MCE, Cat. No. HY-N0162) at 
5μM for 2h, and then treated with LPS (Sigma, L2280) at 
20 μg/mL or human recombinant TGFβ1 (240-B, R&D 
company) at 10ng/mL for 24 h.

Quantitative Real-Time PCR
TRIzol reagent (TaKaRa) was employed to lyse cells for 
extracting RNA. Reverse transcription depended on a 
PrimeScript RT reagent Kit (TaKaRa) according to the 
normal protocol. Primers were synthesized by Tsingke 
Biotech (Nanjing, China). Real-time PCR amplification 
was performed using the LightCycler® 96 Real-time PCR 
System by using SYBR Premix Ex Taq (TaKaRa). The 
following primer sequences were used: Mouse TNF-α, 5ʹ- 
TCCCCAAAGGGATGAGAAG-3ʹ and reverse, 5ʹ-CAC 
TTGGTGGTTTGCTACGA-3ʹ; Mouse IL-1β, 5ʹ-ACTGT 
GAAATGCCACCTTTTG-3ʹ and reverse, 5ʹ-TGTTGA 
TGTGCTGCTGTGAG-3ʹ; Mouse iNOS, 5ʹ-ACTCAGCC 
AAGCCCTCACCTAC-3ʹ and reverse, 5ʹ-TCCAATCTCT 
GCCTATCCGTCTCG-3ʹ; Mouse IL-6, 5ʹ-ACAAAGCC 
AGAGTCCTTCAGAGAG-3ʹ and reverse, 5ʹ-TTGGATG 
GTCTTGGTCCTTAGCCA-3ʹ; Mouse MMP2, 5ʹ-CAA 
GTTCCCCGGCGATGTC-3ʹ and reverse, 5ʹ-TTCTGGT 
CAAGGTCACCTGTC-3ʹ; Mouse MMP9, 5ʹ-CATTCGC 
GTGGATAAGGAGT-3ʹ and reverse, 5ʹ-ACCTGGTT 
CACCTCATGGTC-3ʹ; Mouse IL10, 5ʹ-GCTCTTACTG 
ACTGGCATGAG-3ʹ and reverse, 5ʹ-CGCAGCTCTAGG 
AGCATGTG-3ʹ. Mouse FN, 5ʹ-CGTGGAGCAAGAAG 
GACAA-3ʹ and reverse, 5ʹ-GTGAGTCTGCGGTTGGT 
AAA-3ʹ; Mouse α-SMA, 5ʹ-CCCTGAAGAGCATCCG 
ACA-3ʹ and reverse, 5ʹ-CCAGAGTCCAGCACAATA 
CC-3ʹ; Mouse Collagen I, 5ʹ-CCGGCTCCTGCTCCTCT 
T-3ʹ and reverse, 5ʹ-TTGCACGTCATCGCACAC −3ʹ.

Western Blotting Analysis
The MC cells and mPTCs were lysed in protein lysis 
buffer (1 mM Na3VO4, 2 mM EDTA, 50 mM Tris-HCl, 
50 mM NaF, 250 mM NaCl and 0.5% Triton X-100) and 
supplemented with 1×phosphatase inhibitor and 1×pro-
tease inhibitor for half an hour on ice. Western blotting 
was performed with 40 μg total protein and transferred 
onto PVDF membranes (Bio-Rad). The membranes were 
blocked for 1 hour at room temperature in TBST contain-
ing 5% (weight/volume) non-fat milk with primary anti-
bodies against iNOS (Abcam, ab3523, 1:1000), NLRP3 
(bioss, bs-6655R, 1:1000), NRF2 (proteintech, 16396-1- 
AP, 1:500) and COX-2 (Cayman, aa584–598, 1:500), 
p-P53 (CST, 9284, 1:1000), P53 (proteintech, 10442-1- 

AP, 1:1000), FN (Abcam, ab2413, 1:1000), p-Smad2- 
S465/467+p-Smad3-S423/425 (abclonal, AP0548, 
1:1000), Smad2 (abclonal, A19114, 1:1000), Smad3 
(abclonal, A19115, 1:1000) by overnight incubation at 
4°C, followed by the addition of HRP-labeled secondary 
antibodies at room temperature for 2h. GAPDH/ACTB 
(proteintech, 1:5000) was used as an internal standard 
control. Band intensity was measured using ImageJ soft-
ware (NIH, Bethesda, MD, USA).

Data Analysis
Data are presented as mean ± SEM. Two-way analysis of 
variance (ANOVA) analysis was followed. P < 0.05 was 
considered statistically significant. Some figures were con-
ducted by RStudio (1.3.1093), Venny2.1.0 (https://bioin 
fogp.cnb.csic.es/tools/venny/index.html) and hiplot online 
website (https://hiplot.com.cn/).

Results
Active Compounds of Li-Da-Qian 
Mixture
In total, 136 bioactive ingredients were discovered from 
TCMSP and other databases containing 42 types in Daji, 13 
types in Xiaoji, 70 types in Cheqiancao, and 11 types in 
Lizhicao. The details were shown in the Supplementary 
file, Figure S1. After selecting OB > 30%, DL > 0.18 and 
removing duplicates, 20 active ingredients were totally 
screened. It included 10 types (MOL001735, MOL001749, 
MOL002032, MOL002879, MOL003344, MOL000359, 
MOL000449, MOL005842, MOL005846, MOL000596) in 
Daji, 5 types (MOL000098, MOL000359, MOL000449, 
MOL001689, MOL001790) in Xiaoji, 10 types 
(MOL001735, MOL002714, MOL002776, MOL000359, 
MOL004004, MOL000449, MOL000006, MOL007783, 
MOL007796, MOL007799) in Cheqiancao and only 1 type 
in Lizhicao (Figure 1). The details were shown in the 
Supplementary file, Table S1.

Potential Target Genes of Li-Da-Qian 
Mixture and Glomerulonephritis
In all, 204 target genes of Li-Da-Qian mixture were 
obtained from TCMSP database. However, six ingredients 
consisting of beta-amyrin acetate, melampyroside, pecto-
linarin, stigmasteryl palmitate, taraxasterol acetate and β- 
sitosteryl palmitate are unable to find their targets from 
TCMSP. We used online tool SwissDock to predict these 
drug targets.20 We got the sdf format file of these 
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compound structures from PubChem. Then, we imported 
these sdf files into SwissDock (http://www.swissdock.ch/) 
with selecting “Homo sapiens” for searching predicted 
targets, among which probability >0.1 are chosen. 
Totally, 244 drug targets were found (Table S2). 
Moreover, 1782 target genes of glomerulonephritis were 
totally attained from OMIM and Genecards database. The 
details were shown in the Supplementary file, Figure S2 
and Table S3. Finally, 113 putative targets of Li-Da-Qian 
mixture were got after integrating 244 putative targets of 
Li-Da-Qian mixture with 1782 glomerulonephritis gene 
targets. PTGS1, PTGS2, IL1B, IL2, IL4, IL6, IL10, 
MMP2, MMP9, etc were directly related targets identified 
between Li-Da-Qian mixture and glomerulonephritis, and 
details are shown in Table 1.

Enrichment Analysis
GO enrichment made contributions to analyzing biological 
process (BP), cellular component (CC), and molecular func-
tion (MF) of the gene targets of Li-Da-Qian mixture anti- 
glomerulonephritis. Altogether 113 potential genes were 
highly enriched in 1796 BP, 85 CC, and 170 MF terms with 
p-value <0.05. As shown in Figure 2, response to oxygen- 
containing compound (p = 1.52E-48), response to organic 
substance (p = 9.26E-48), cellular response to chemical stimu-
lus (p = 3.43E-47) and response to abiotic stimulus (p = 1.22E- 
41) were tightly related to glomerulonephritis biological pro-
cesses. With respect to cellular components, more significant 
enrichment was found in extracellular space (p = 2.18E-20), 
extracellular region (p = 1.45E-15) and intracellular organelle 

lumen (p = 1.91E-08). The main glomerulonephritis-related 
terms in molecular functions consisted of protein binding (p = 
2.06E-21) and signaling receptor binding (p = 2.64E-20) and 
enzyme binding (p = 5.72E-18).

KEGG analysis concentrated on the anti-glomerulone-
phritis signaling pathways of Li-Da-Qian mixture. Results 
demonstrated that “TNF signaling pathway”, “AGE-RAGE 
signaling pathway in diabetic complications”, “IL-17 sig-
naling pathway” and “HIF-1 signaling pathway” were the 
most associated with the pathogenesis of glomerulonephritis 
(Table 2 and Figure 3). Additionally, “AGE-RAGE signal-
ing pathway in diabetic complications” was found to be the 
closest pathway with a high enrichment degree in glomer-
ulonephritis and mapped 31 gene targets. Advanced glyca-
tion end product (AGE) accumulation in acute 
inflammatory glomerulonephritis secondary to systemic 
lupus erythematosus contributes to glomerular injury, pos-
sibly via enzymatic oxidation of glomerular matrix 
proteins.21 From the KEGG map of AGE-RAGE signaling 
pathway in diabetic complications (https://www.genome.jp/ 
kegg-bin/show_pathway?hsa04933), we can conclude that 
the activation of AGE-RAGE signaling finally results in 
mesangial matrix expansion, angiogenesis, thrombogenesis, 
vascular dysfunction, vascular remodeling, cellular prolif-
eration leading to renal hypertrophy and inflammation. The 
above pathological process is closely related to the occur-
rence and development of glomerulonephritis, which indi-
cates that Li-Da-Qian mixture may play a part in 
glomerulonephritis secondary to diabetic nephropathy.

Pharmacological Network Construction
Potential Targets of Li-Da-Qian Network Analysis
The network construction of active compound-potential 
targets of Li-Da-Qian mixture using 4 ingredients, 20 
compounds and 244 targets was based on the “one to 
multiple”, “multiple to one” links between 275 nodes and 
460 edges in this complex network (Figure 4). The more 
nodes and edges acquired, the stronger the node interac-
tion, and versa vice. In the analyzed network, quercetin 
(degree = 151), luteolin (degree = 58), β-amyrin acetate 
(degree = 46), and baicalein (degree = 38) were the top 
active ingredients of Li-Da-Qian mixture for the treatment 
of glomerulonephritis, which were prepared for molecular 
docking with targets.

Protein–Protein Interaction Network Construction
Totally, 113 core genes were imported into STRING for 
building a PPI network containing 113 nodes and 1967 

Figure 1 Twenty core compounds of four herbs from Li-Da-Qian mixture.
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edges (Figure 5A). The main gene targets possessed higher 
degree and were more likely to play a vital role in Li-Da- 
Qian mixture anti-glomerulonephritis containing AKT1, 
IL6, VEGFA, TNF, TP53, JUN, EGF, MAPK1 and 
MMP9. These target proteins were prepared to be docked 
with main active ingredients analyzed earlier.

MCODE analysis is aimed to find clusters with highly 
interconnected regions in a network. In this study, 
MCODE analysis based on the above PPI network resulted 

in three cluster networks by plugins in Cytoscape software 
(Figure 5B–D and Supplementary file, Table S4). The 
higher score the modules got, the more meaningful mod-
ules in the PPI network was regarded as.

Verification of Ligand–Receptor 
Interaction
Because of some missing receptor structures in the PDB 
website, AKT1 (id: 1 unq), EGF (id: 1epg), IL6 (id: 1alu), 

Table 1 Potential Targets of Li-Da-Qian Mixture Against Glomerulonephritis

No. Gene No. Gene No. Gene

1 RXRA 41 PPARG 81 TGFB1
2 PTGS1 42 KCNH2 82 IL2
3 PTGS2 43 F10 83 PLAT
4 ADRB2 44 MMP3 84 THBD
5 AKR1B1 45 EGFR 85 SERPINE1
6 PLAU 46 AKT1 86 COL1A1
7 LTA4H 47 VEGFA 87 IFNG
8 CHRM3 48 CCND1 88 PTEN
9 HTR2A 49 FOS 89 IL1A
10 NOS2 50 MMP2 90 MPO
11 DPP4 51 MMP9 91 NQO1
12 HSP90AA1 52 MAPK1 92 PARP1
13 PIK3CG 53 IL10 93 COL3A1
14 PRSS1 54 EGF 94 CXCL11
15 F2 55 RB1 95 CXCL2
16 NOS3 56 CD40LG 96 INSR
17 RHO 57 JUN 97 PPARA
18 AR 58 IL6 98 PPARD
19 APOB 59 CDKN2A 99 CRP
20 HMGCR 60 ELK1 100 CXCL10
21 MTTP 61 NFKBIA 101 SPP1
22 PREP 62 ODC1 102 E2F1
23 CYP19A1 63 XDH 103 IRF1
24 NR3C1 64 SOD1 104 PON1
25 CYP2C19 65 MMP1 105 CDK4
26 EPAS1 66 STAT1 106 PCNA
27 ALOX5 67 HSPA5 107 IL4
28 HIF1A 68 HMOX1 108 FOSL1
29 PRKCA 69 CYP3A4 109 FOSL2
30 C5AR1 70 CYP1A2 110 MME
31 MAPK14 71 MYC 111 SLC5A2
32 CDK2 72 F3 112 SLC5A1
33 RELA 73 GJA1 113 TNF
34 BCL2 74 ICAM1
35 CDKN1A 75 IL1B
36 BAX 76 CCL2
37 CASP3 77 SELE
38 TP53 78 VCAM1
39 CASP8 79 CXCL8
40 FASLG 80 PRKCB
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MAPK1 (id: 6slg), MMP9 (id: 5th6), TNF (id: 5uui), TP53 
(id: 1aie) and VEGFA (id: 3qtk) were eventually selected 
based on the former conclusions. The docking ligands con-
sisted of quercetin, luteolin, baicalein, but excluding β- 
amyrin acetate because relevant data is devoid in TCMSP. 
The detailed docking procedures were seen in the 
“Materials and Methods” section. The whole results are 
shown in Table 3, Figure 6.1 and 2. Figure 6.1 indicated 
3D interactions between ligands (usually assigning chemi-
cal compounds as ligands) and receptors (usually assigning 
proteins as ligands). Figure 6.2 indicates 2D interactions 
between compounds and targets. For example, Figure 6.2A 
indicates that baicalein formed an H bond conjugation with 
GLU 416, a π-H bond with ARG 424 and seven π bonds in 
MMP9. The MAPK1-quercetin complex was stabilized by a 
π-H bond, six H bonds and eight π bonds (Figure 6.2B). 
Quercetin interacted with VEGFA via six H bonds and three 

π bonds on ASP56, LEU59, CYS54, GLY52, ASP27, 
CYS44 and CYS53 (Figure 6.2C). MAPK1 and luteolin 
were bound in GLU71, ASP167, GLN105, VAL39, 
MET108, ILE31, LEU156, ALA52, CYS166, LYS54 by 
two π-H bonds, five H bonds and seven π bonds 
(Figure 6.2D). MMP9 and luteolin were conjugated by 
two π-H bonds, three π bonds and four H bonds. The 
VEGFA-luteolin complex was combined by four H bonds 
on ASN55, ASP56 and CYS54, and four π bonds on 
PHE29, ILE39, SER43 and CYS53 (Figure 6.2F). 
Interestingly, baicalein interacted with VEGFA by the 
same active sites as the interaction with luteolin except an 
H bond on GLY52 (Figure 6.2G). Quercetin also interacted 
with MMP9 by H bonds and π bonds (Figure 6.2H). Some 
other docking results were presented in Figure S3.1 and S3. 
2. Among these docking results, the docking energy of 
baicalein with MMP9 (−8.9 kcal·mol−1) was the lowest, 

Figure 2 The GO enrichment analysis of genes of Li-Da-Qian mixture against glomerulonephritis, including three domains: biological process (A), cellular component (B), 
and molecular function (C). The enrichment ration, size and color of the dots represent the degree of GO enrichment analysis.
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indicating that the stability and binding ability of baicalein- 
MMP9 complex was higher compared with the other com-
binations. The above docking results suggested that glomer-
ulonephritis may be alleviated by improving inflammation, 
reducing extracellular matrix deposition and repairing 
damaged blood vessels.

Some Important Ingredients of Li-Da-Qian 
Mixture Acts as a Vital Role in Inflammation- 
Related Kidney Disease Model
Quercetin is widely studied in the field of nephrology. 
Quercetin protects against cisplatin-induced or LPS- 
induced acute kidney injury by inhibiting the inflam-
matory infiltration of macrophage.22,23 Quercetin also 
inhibited mesangial cell proliferation in the early stage 
of diabetic nephropathy in vivo and vitro.24,25 The 
research of luteolin in the field of kidney diseases is 
also very popular. Luteolin ameliorated ischaemic acute 
kidney injury in mice by blocking fructokinase.26 It 
plays a protective role in cobalt-, ischemia-reperfu-
sion-, LPS- and cisplatin-induced kidney injury as 
well.27–30 Baicalein protects kidney from the hurt by 
cisplatin, radiation, pristine and ischemia- 

reperfusion.31–34 All of the above ingredients present 
the anti-inflammatory and injury-relieving effects of 
kidney. Because research on baicalein treating LPS- 
induced acute kidney injury is less than luteolin and 
quercetin, we selected baicalein to validate its protec-
tive effects in C57BL/6J mice injected with 30mg/kg 
LPS. 5 of 9 survived in the LPS and LPS+10mg/kg 
baicalein group. 6 of 9 survived in the LPS+20mg/kg 
group. None died in the other group without LPS 
injection, but one sample in 10mg/kg baicalein was 
excluded because of haemolysis. In Figure 7A, the 
physiological and biochemical index of liver, kidney 
and heart was tested. The function of liver, kidney and 
heart after 24 h LPS treatment was significantly 
impaired as shown by increased serum AST, ALT, Cr, 
BUN, CK-MB, and LDH. Strikingly, both 10mg/kg and 
20mg/kg baicalein treatment remarkably improved liver 
function as shown by reduced AST. There was also a 
significant decreased Cr between LPS group and LPS + 
10mg/kg baicalein group, which meant baicalein can 
improve renal function. Although there was no signifi-
cant difference about LDH and CK-MB between LPS 
and LPS+10mg/kg baicalein group or LPS+20mg/kg 
baicalein group, a downtrend indicated that baicalein 

Table 2 KEGG Pathway Analysis of Li-Da-Qian Mixture in Treating Glomerulonephritis

Gene Set Description Size Expect Ratio P Value FDR

hsa05200 Pathways in cancer 524 7.8553 6.1105 0 0

hsa05163 Human cytomegalovirus infection 225 3.3730 8.3012 0 0

hsa05167 Kaposi sarcoma-associated herpesvirus infection 186 2.7883 9.3246 0 0

hsa05161 Hepatitis B 144 2.1587 13.897 0 0

hsa05418 Fluid shear stress and atherosclerosis 138 2.0688 11.601 0 0

hsa04668 TNF signaling pathway 110 1.6490 13.341 0 0

hsa05142 Chagas disease (American trypanosomiasis) 102 1.5291 13.08 0 0

hsa04933 AGE-RAGE signaling pathway in diabetic complications 99 1.4841 20.888 0 0

hsa05215 Prostate cancer 97 1.4541 13.754 0 0

hsa04657 IL-17 signaling pathway 93 1.3942 16.497 0 0

hsa05140 Leishmaniasis 74 1.1093 16.226 0 0

hsa05219 Bladder cancer 41 0.61463 26.032 0 0

hsa05222 Small cell lung cancer 92 1.3792 13.051 8.88E-16 2.23E-14

hsa04066 HIF-1 signaling pathway 100 1.4991 12.007 3.89E-15 9.05E-14

hsa05212 Pancreatic cancer 75 1.1243 14.231 8.66E-15 1.88E-13
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might markedly lower LDH or CK-MB when group 
numbers are expanded. Next, we examined mRNA 
levels of inflammatory indexes in renal cortex by 
qPCR. In Figure 7B, most inflammatory markers 
including IL6, IL18, iNOS, IL1β were significantly 
increased at 24h after the injection of LPS; however, 
LPS did not affect TNFα levels. We found that 10mg/ 
kg baicalein treatment significantly reduced IL6 and 
IL18 mRNA, interestingly, 10mg/kg baicalein did not 
influence iNOS mRNA level while 20mg/kg baicalein 
significantly decreased iNOS mRNA. Further, H & E 
staining revealed that LPS induced hemorrhage in the 
interstitial tissue and infiltration in inflammatory cell. 
Treatment of LPS-injected mice with baicalein showed 
less hemorrhage and inflammatory infiltration vs LPS- 
injected mice with vehicle (Figure 7C).

Li-Da-Qian Mixture Extract Regulates 
mRNA and Protein Expression in the 
LPS-Induced Glomerulonephritis Model
With the development of single-cell sequencing, the occur-
rence and progress of many diseases usually attribute to 
two or more cell types. The former research of anti-inflam-
matory effects of luteolin and baicalein mostly focused on 
the macrophages, which exists in the blood system and is 
distributed in all organs. We aimed to study whether bai-
calein and luteolin can attenuate the inflammation induced 
by LPS in mesangial cells, which is specific in kidney 
tissue. In order to verify the effect of Li-Da-Qian mixture 
extract on inflammatory factors in mesangial cells, the 
mouse mesangial cells were pretreated with baicalein at 
20μM or luteolin at 5μM for 2h, and then treated with 

Figure 3 The KEGG analysis of genes of Li-Da-Qian mixture against glomerulonephritis. Different colors represent different pathways. The size of red dots represents 
amounts of enriched genes.
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20μg/mL LPS for another 24h. The baicalein concentra-
tion was based on the former literature,35 and the luteolin 
concentration was from CCK8 results (Figure S4). As 
presented in Figure 8A–C, E, F, the mRNA and protein 
expression of iNOS in the LPS group was significantly 
higher than that in the regular group. At the same time, 
both baicalein and luteolin significantly decreased the 
expression of iNOS in mesangial cells treated with LPS 
(P<0.05), which indicated that active components in Li- 
Da-Qian mixture were able to inhibit the expression of 
iNOS in mesangial cells. Figure 8C and G showed that 

LPS also induced increased IL6 mRNA level in mesangial 
cells which can be ameliorated by baicalein or luteolin. 
However, TNFα and IL1β were not increased by LPS at 
20μg/mL (Figure 8C and G), which may be associated 
with the concentration of LPS and the types of mesangial 
cells. Besides, baicalein and luteolin can significantly 
lower MMP2 mRNA and luteolin can elevate IL10 
mRNA additionally (Figure 8D, G, H), and IL10 is usually 
regarded as an anti-glomerulonephritis marker.36,37

NF-κB Signaling, Jak/Stat Signaling (IL-6 Receptor 
Family), P53 signaling and NLRP3 inflammasome 

Figure 4 Drug targets network of Li-Da-Qian mixture. The potential target network of Li-Da-Qian is constructed using 20 compounds and 244 potential targets. Lines 
stand for the interactions between compounds and target nodes. A stands for MOL001735, which belongs to Daji, Cheqiancao and Lizhicao. B1 stands for MOL000359, 
which belongs to Daji, Xiaoji and Cheqiancao. B2 stands for MOL000449, which belongs to Daji, Xiaoji and Cheqiancao.
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Figure 5 (A) PPI network of Li-Da-Qian mixture-glomerulonephritis genes. The network (A) contains 113 nodes and 1967 edges. Core genes have a higher degree and are 
positively correlated with node size and color depth, including, IL-6, VEGFA, EGF, MAPK1, MMP9, TP53, TNF, and (B–D) MCODE analysis of PPI network in (A). Cluster 5 
(B) includes 52 nodes and 1068 edges, Cluster 5 (C) includes 3 nodes and 3 edges and Cluster5 (D) includes 6 nodes and 7 edges.
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activation are closely related to inflammatory disorders. In 
this study, some key proteins in the above signaling were 
detected after considering docking receptor proteins. As 
shown in Figure 8A and B, COX2 was greatly induced by 
LPS, but cannot be blunted by baicalein. Previous study 
has illustrated that the anti-apoptosis and anti-inflamma-
tory effects of baicalein related to glomerulonephritis are 
embodied in an increase of Nrf2 and decreased levels of 
reactive oxygen species and suppressed the phosphoryla-
tion of NF-κB in myeloid-derived suppressor cells 
(MDSCs).32 Therefore, we detected Nrf2 protein level 
and no significant results were found in mesangial cells. 
Docking results showed baicalein interacted with TP53, so 
we examined phosphorylated P53 and total P53 in LPS 
stimulated-mesangial cells. The Western blot data showed 
that LPS significantly decreased the total P53 protein level 
(Figure 8A and B). Although baicalein was unable to 
reverse the decline of the total form of P53, it brought an 
increase in the phosphorylation form of P53 surrounding 
Ser15 of human P53 (equal to Ser18 of mouse P53), which 
stabilized P53 and may alleviate para-inflammation and 
systemic inflammation.38–41 As presented in Figure 8E 
and F, NLRP3 was significantly blunted after luteolin 
treatment, which was greatly induced by LPS. 
Interestingly, luteolin is a potent nuclear factor E2-related 
factor 2 (Nrf2) inhibitor or activator in the different dis-
ease states,42–44 and Nrf2 is thought to be a major regu-
lator of the antioxidant response. The results in Figure 8E 
and F showed that Nrf2 had a decreased trend between 
control group and LPS group, and was activated by 
luteolin.

Li-Da-Qian Mixture Extract Regulates 
TGFβ/Smad Signaling in the TGFβ1- 
Induced mPTC Model
As TGFβ/Smad signaling pathway is one of the most 
important pathways in glomerulonephritis development, 
we treated mPTC with baicalein or luteolin. As shown in 
Figure 9A and B, baicalein treatment profoundly pre-
vented the fibrosis induced by TGFβ1. Baicalein lowers 
both phosphorylation and total form of Smad2/3 protein. 
These findings were supported by the results of qPCR, 
which demonstrated that baicalein significantly decreased 
the up-regulation of fibrosis markers, including FN, α- 
SMA and collagen I (Figure 9C). In Figure 9D and E, 
luteolin also inhibited the high expression of fibronectin 
stimulated by TGFβ1. Unlike baicalein, luteolin affects the 
activation of Smad2/3 without changing the level of total 
Smad2/3. The mRNA levels of FN, α-SMA and collagen I 
were reduced in the presence of luteolin when the mPTCs 
were challenged with TGF-β1 (Figure 9F).

Discussion
Network pharmacology, also called integrated Systems 
Pharmacology, is a rational approach to the analysis of 
underlying molecular biological mechanism of TCM in 
pathological process of different kinds of diseases, and 
especially in chronic disease, such as glomerulonephritis.45 

Although Li-Da-Qian mixture has been used clinically for 
many years and has a good effect, the mechanism of action 
is never explored. Therefore, network pharmacology was 
firstly performed to reveal the mechanism of Li-Da-Qian 

Table 3 Docking Results of Three Bioactive Ingredients from Li-Da-Qian Mixture for Glomerulonephritis Targets

Ingredients Structure Binding Energy/(kcal/mol)

AKT1 IL6 VEGFA TNF TP53 EGF MAPK1 MMP9

Quercetin −6.4 −6.4 −8.2 −6.8 −6.5 −5.9 −8.3 −7.6

Baicalein −6.8 / −8.1 / −6.7 −5.9 / −8.9

luteolin −6.2 −6.5 −8.2 −6.8 −6.6 −5.9 −8.3 −8.3
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mixture treating glomerulonephritis in this study. By inte-
grating all the targets of Li-Da-Qian mixture and glomer-
ulonephritis, 113 targets related to glomerulonephritis were 
identified, such as IL6, AKT1, VEGFA, TNF, TP53, EGF, 
MAPK1, MMP9, etc. KEGG analysis revealed that “Fluid 
shear stress and atherosclerosis”, “TNF signaling pathway”, 
“IL-17 signaling pathway”, “AGE-RAGE signaling path-
way in diabetic complications” and “HIF-1 signaling path-
way” were related to the mechanism of Li-Da-Qian mixture 
in the treatment of glomerulonephritis. The typical KEGG 
results highlighted the direct effect of Li-Da-Qian mixture 
on glomerulonephritis, and also showed “multiply com-
pounds, multiply targets, multiply pathways” potential 
mechanisms. Molecular docking provided guarantee of net-
work pharmacology. The docking results indeed proved that 

Li-Da-Qian mixture may target some key proteins in the 
inflammation pathway.

Quercetin, luteolin and baicalein were eventually 
recognized as the most important active ingredients of 
Li-Da-Qian mixture in the treatment of glomerulone-
phritis. Quercetin (Sophoretin) is a plant-based chemi-
cal, which is considered to be a flavonoid compound 
derived from fruits, vegetables, leaves and grains. It 
may also be used as an ingredient in supplements, 
drinks and foods. Quercetin is a PI3K inhibitor with 
IC50 of 2.4–5.4μm and also a stimulator of recombinant 
SIRT1.46,47 It can effectively disable PI3K and Src 
kinases, moderately inhibit Akt1/2, and slightly affect 
PKC, p38 and ERK1/2.46 Previous studies have shown 
that quercetin lowers inflammation and apoptosis by 

Figure 6 Continue.
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downregulating TNF-α, IL-6, TGF-β1 and Bax in the 
pristane-induced Lupus nephritis (LN) mice model.48 

Meanwhile, quercetin regulates oxidative stress by 
increasing superoxide dismutase 1 (SOD1) and catalase 

(CAT).48,49 Quercetin probably exerts antioxidant effects 
on NF-κB signaling in RAW264.7 cells.50 Luteolin, a 
flavonoid compound found in Terminalia chebula, is a 
non-selective PDE inhibitor with IC50 less than 1μm, 

Figure 6 1. Virtual 3D docking of bioactive ingredients from Li-Da-Qian mixture for glomerulonephritis targets. The molecular docking of baicalein, luteolin and quercetin 
with MMP9 (A, E, H), MAPK1 (/, D, B) and VEGFA (G, F, C) is shown. 2. Virtual 2D docking of bioactive ingredients from Li-Da-Qian mixture for glomerulonephritis 
targets. The molecular docking of baicalein, luteolin and quercetin with MMP9 (A, E, H), MAPK1 (/, D, B) and VEGFA (G, F, C) is shown.
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which inhibits TNF-α production stimulated by LPS and 
LPS-induced phosphorylation of Akt and rescues LPS- 
induced phosphorylation of NF-kappa-B inhibitor alpha 
(NFKBIA) and secondary degradation in RAW264.7 
cell.51,52 Luteolin can also target IL18 and IL1α to 
protect from inflammation infiltration in nonalcoholic 
steatohepatitis.53 However, we cannot see a significant 
decline in IL18 mRNA level by luteolin in mesangial 
cells, which may be caused by different effects of luteo-
lin on different cell types or different concentration of 
luteolin. Experiments in vivo have proved that luteolin 
is an effective nephroprotective agent likely to reduce 
platinum accumulation in the kidneys and ameliorate 
cisplatin-induced nephrotoxicity.30 Baicalein is an inhi-
bitor of cytochrome P450 2C9, prolyl oligopeptidase, 
12-lipoxygenase and xanthine oxidase.54–57 Our results 

in vivo and vitro showed baicalein effectively decreased 
pro-inflammatory factors, especially iNOS, IL6. On the 
basis of these findings, we hypothesize that Li-Da-Qian 
mixture may exert anti-glomerulonephritis effects via 
different pathways in different kinds of cells including 
macrophages, myeloid-derived suppressor cells and 
mesangial cells (summarized in Figure 10).

In this study, network pharmacology was fully used to 
focus on the potential protective effect of Li-Da-Qian 
mixture, and this effect was visualized by molecular dock-
ing and experiments for verification. At the same time, we 
performed experiments in vivo and vitro to verify our 
findings. Although some docking results were not consis-
tent in mesangial cells, some literature results seemed to 
verify our docking results in other cell lines. Thus, it is 
necessary for researchers to design more experiments to 

Figure 7 Baicalein treatment protected from LPS-induced acute kidney injury. (A) Serum biochemical levels in mice (n=5–6) treated with different doses of baicalein after 
24h LPS administration. (B) The inflammatory factors in the renal cortex of LPS-induced acute kidney injury model with or without different doses of baicalein (n=5–6). (C) 
Representative images of hematoxylin and eosin staining (magnification: ×200, scalebar: 50μm) of kidneys after 24h LPS administration. **p < 0.01, ***p < 0.001 versus the 
control group, #p < 0.05 versus the LPS group.
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Figure 8 Effects of baicalein and luteolin treatment for LPS-induced glomerulonephritis by Western blotting and qPCR. Cells were grown on 6-well or 12-well plates until 
60–70% confluence, pretreated with baicalein or luteolin for 2h, and sequentially stimulated with LPS (20μg/mL) for another 24 h. Western blotting results for baicalein 
therapeutic effect (A), densitometric analysis (B) and qPCR results for baicalein therapeutic effect (C and D). Western blotting results for luteolin therapeutic effect (E), 
densitometric analysis (F) and qPCR results for luteolin therapeutic effect (G and H). Protein results are shown as mean ± SEM (n = 3) and mRNA results are displayed as 
mean ± SEM (n=6). *p < 0.05, **p < 0.01, ***p < 0.001 versus the control group, #p < 0.05, ##p < 0.01, ###p < 0.001 versus the LPS group.
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study the complex regulation among different cells in 
kidney. Additionally, it is meaningful to explore whether 
Li-Da-Qian mixture can treat other kidney diseases.

Conclusion
TCM has provided enough information about alleviation 
of glomerulonephritis progression. In our study, core 

Figure 9 Effects of baicalein and luteolin treatment for TGFβ1-induced renal fibrosis by Western blotting and qPCR. Cells were grown on 6-well or 12-well plates until 
60–70% confluence, pretreated with baicalein or luteolin for 2h, and sequentially stimulated with TGFβ1 (10ng/mL) for another 24 h. Western blotting results for baicalein 
therapeutic effect (A), densitometric analysis (B) and qPCR results for baicalein therapeutic effect (C). Western blotting results for luteolin therapeutic effect (D), 
densitometric analysis (E) and qPCR results for luteolin therapeutic effect (F). Protein and mRNA results are displayed as mean ± SEM (n=3). *p < 0.05, **p < 0.01, ***p < 
0.001 versus the control group, #p < 0.05, ##p < 0.01, ###p < 0.001 versus the TGFβ1 group.
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components of Li-Da-Qian mixture can significantly 
decrease IL6, iNOS and MMP2 expression and increase 
IL10 expression in LPS-induced glomerulonephritis. 
Summarizing some conclusions from other researchers, 
the ingredients of Li-Da-Qian mixture may also lower 
other cytokines, such as IL1, TNF, MMP9, etc, which 
were identified by the pharmacological network as well. 
The reliability of these results deserves more experiments 
to validate.
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