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Zhibaidihuang Decoction (ZBDHD) is a traditional Chinese medicine with immense potential to treat IgA 
nephropathy.  However, its core ingredients and representative mechanism remain unclear.  In this study, 
we uncovered the key component and underlying mechanisms of ZBDHD for IgA nephropathy by applying 
network pharmacology and molecular docking approaches.  This was done by first identifying the active 
ingredients and, subsequently, their corresponding gene targets in ZBDHD with the help of the Traditional 
Chinese Medicine Systems Pharmacology and analysis platform (TCMSP) database, thereby constructing 
the drug-compound-target network.  The IgA nephropathy-associated genes were then identified using 
GeneCards, Drugbank, and OMIM databases.  The overlapped targets were later obtained to establish 
Protein-Protein Interaction (PPI) networks, Gene Ontology (GO), and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis.  Finally, we performed molecular docking among active compounds 
and hub genes, and thereby verified the key compound of ZBDHD.  The drug-compound-gene network 
consisted of 289 nodes and 1,113 edges.  The top four active ingredients were beta-sitosterol, kaempferol, 
quercetin and stigmasterol.  The top five hub genes in the PPI network were AKT1, ILB1, IL-6, TNF, and 
TP53.  Molecular docking results could demonstrate that there was high affinity among active compounds 
and the core targets, while quercetin may possibly be the key compound of ZBDHD.  We first identified the 
positive compound and the candidate molecular mechanisms of ZBDHD in an IgA nephropathy treatment 
and discovered that quercetin might be the core compound of ZBDHD in the treatment of IgA nephropathy.
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Introduction
IgA nephropathy, first described as Berger’s disease by 

the Parisian pathologist Jean Berger in 1968, is the most 
popular primary glomerular disease across the globe 
(Feehally and Cameron 2011).  The prevalence of IgA 
nephropathy is highest in Asia, accounting for approxi-
mately 40-50 percent of primary glomerulonephritis world-
wide (Lai et al. 2016).  Due to the lack of a specific treat-
ment, approximately 50% of IgA nephropathy patients 
rapidly progress into end-stage renal disease (Mestecky et 

al. 2016).  According to the 2021 Kidney Disease 
Improving Global Outcomes (KDIGO) Clinical Practice 
Guidelines for Glomerulonephritis (Kidney Disease: 
Improving Global Outcomes (KDIGO) Glomerular 
Diseases Work Group 2021), the main management of IgA 
nephropathy lies in supportive care.  For patients with a 
high risk of progressing into chronic kidney diseases after 
maximal supportive care, glucocorticoid and immunosup-
pressive drugs could be considered.  However, glucocorti-
coid and immunosuppressive drugs are mostly accompanied 
by various adverse effects like infection, immune defi-
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ciency, and so on.  Therefore, it is crucial to discover other 
effective drugs for the treatment of IgA nephropathy.

Zhibaidihuang Decoction (ZBDHD) originates from 
the Golden Book of Medicine (Yizong Jinjian in Chinese) 
(Mingjuan et al. 2022).  ZBDHD consists of eight tradi-
tional Chinese drugs, namely Cortex Moutan, Phellodendri 
Chinensis Cortex, Poria Cocos, Rhizoma Dioscoreae, 
Rehmanniae Radix Praeparata, Cornus Officinalis, Alisma 
Orientale and Anemarrhenae Rhizoma (Yousheng et al. 
2016).  It is known to have the ability to relieve fire and 
reduce heat, as well as nourish the kidneys (Mingjuan et al. 
2022; Tiannan et al. 2022).  Modern pharmacological 
research has also shown that ZBDHD has various benefits, 
such as enhancing immunity, lowering blood sugar, and 
regulating neuroendocrine, anti-tumor, antioxidant, and 
anti-fatigue mechanisms (Ling 2016; Wu et al. 2020; Bin et 
al. 2021).  In the Chinese population, ZBDHD has been 
used to treat IgA nephropathy (Yanli et al. 2010), nephrotic 
syndrome (Wei 1992), diabetic nephropathy (Mingjuan et 
al. 2022), and acute kidney injury (Liu et al. 2022).  
However, its active compounds and potential mechanism, 
as previously mentioned, is currently unknown.

Network pharmacology is a recent method for under-
standing herbal formulas at the molecular level, which aids 
in the translation of Traditional Chinese Medicine (TCM) 
from a purely experience-based system to an evidence-
based medicine system (Li and Zhang 2013).  Molecular 
docking is very widely used to discover drugs and predict 
ligand-receptor interactions at the molecular level (Pinzi 
and Rastelli 2019).  Recently, many studies have been 
investigating the potential mechanism of Chinese Medicine 
against diseases using network pharmacology and molecu-
lar docking analyses, such as the Lianhua Qingwen capsule 
against Coronavirus disease 2019 (Xia et al. 2020), the 
Salvia miltiorrhiza against diabetic nephropathy (Zhang et 
al. 2021) and the Huanglian Jiedu Decoction against sepsis 
(Li et al. 2022).  In this study, we could ascertain the targets 
of ZBDHD and IgA nephropathy by network pharmacology 
methods, using which drug-compound-target networks were 
constructed to identify the key active compounds and 
Protein-Protein Interaction (PPI) networks were established 
to identify the hub genes.  We later performed KEGG and 
GO enrichment analyses to explore the signaling pathways 
and biological functions of the common targets.  Ultimately, 
molecular docking was performed to verify the relationship 
between the core active compounds and the hub genes.  The 
core compound of ZBDHD for treating IgA nephropathy 
was also identified in the meantime.  Our results may sub-
stantiate the application of ZBDHD in IgA nephropathy and 
provide new avenues for further research on ZBDHD with 
respect to IgA nephropathy.

Materials and Methods
Identifying the active compounds and targets in ZBDHD

The active compounds and their targets in ZBDHD 
were identified on the traditional Chinese medicine systems 

pharmacology database and analysis platform (TCMSP: 
https://old.tcmsp-e.com/tcmsp.php) (Ru et al. 2014).  
TCMSP contains information on 499 Chinese herbs, 837 
associated diseases, 3,311 targets, and 29,384 ingredients, 
which provides a comprehensive platform for users to con-
struct compound-target-disease networks and further under-
stand the potential mechanism of the drug (Ru et al. 2014).  
In this study, drug similarity (DL) ≥ 0.18 and oral bioavail-
ability (OB) ≥ 30% were set as the threshold values (Li et 
al. 2022).

Construction of the drug-compound-target network 
The visual drug-compound-target network was con-

structed on Cytoscape 3.9.1, based on the aforementioned 
datasets, to show the relationship between drug, compound, 
and their corresponding targets (Otasek et al. 2019).  A node 
in the drug-compound-target network represents a com-
pound, drug, or target, while an edge represents the associa-
tion between the drug, compound, and target.

Identification of IgA nephropathy-associated targets
OMIM (https://omim.org/) (Amberger et al. 2015), 

GeneCards (https://www.genecards.org/) (Safran et al. 
2010) and Drugbank (https://go.drugbank.com/) (Wishart et 
al. 2018) were the resource databases used to collect the 
potential targets of IgA nephropathy.  The keyword “IgA 
nephropathy” was fed into these three databases to acquire 
the IgA nephropathy-associated targets.  The overlapped 
targets of ZBDHD and IgA nephropathy were gathered as 
the potential therapeutic targets of ZBDHD in IgA nephrop-
athy treatment using the Venn diagram webtool (https:// 
bioinformatics.psb.ugent.be/webtools/Venn/) (Jia et al. 2021).

Construction of the PPI network 
The intersection targets between ZBDHD and IgA 

nephropathy were input into the STRING (https://string-db.
org/) (Szklarczyk et al. 2021) database to gather informa-
tion on the protein interaction network.  The data was then 
imported into Cytoscape 3.9.1 (Otasek et al. 2019) to con-
struct the visual PPI network.  Based on the resultant net-
work, the top five protein targets were identified by the 
Cytoscape plugin.

 
The enrichment analysis of GO and KEGG pathways

GO and KEGG pathway enrichment analyses were 
carried out using the “clusterProfiler” R package (Yu et al. 
2012).  GO enrichment analysis included three aspects, 
namely biological processes (BP), molecular functions 
(MF), and cellular components (CC).  The threshold value 
of the P-value was set at 0.05 for this course.

Molecular docking of active compound and target
The target structures were retrieved using the RCSB 

PDB database (https://www.rcsb.org/) (Quinn et al. 2015), 
while the structures of active compounds were acquired 
from the PubChem database (https://pubchem.ncbi.nlm.nih.
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gov/) (Kim et al. 2021).  The targets and active compounds 
were considered as receptors and ligands, respectively, in 
the AutoDock Tools 1.5.7 software (Goodsell et al. 2021).  
A total of 50 conformations were gathered in each molecu-
lar dock process, and the best conformation was screened 
out as the eventual docking result, which was put into 
Pymol 2.5.3 (Seeliger and de Groot 2010) for visual analy-
sis.

Identification of the key compound of ZBDHD for IgA 
nephropathy

Compound-associated genes and therapeutic targets of 
ZBDHD were intersected to further identify the core ingre-
dient of ZBDHD, which was set as the ingredient with the 
most intersection targets.  Further bioinformatics analyses 
were also performed on the core ingredient targets.

Results
Active compounds in ZBDHD

All 126 active compounds in ZBDHD were searched 
on the TCMSP database.  They consisted of 11 compounds 
in Cortex Moutan, 15 compounds in Poria Cocos, 37 com-
pounds in Phellodendri Chinensis Cortex, 16 compounds in 
Rhizoma Dioscoreae, 20 compounds in Cornus Officinalis, 
2 compounds in Rehmanniae Radix Praeparata, 10 com-
pounds in Alisma Orientale and 15 compounds in 
Anemarrhenae Rhizoma.  Some active components are as 
given in Table 1.

Construction of drug-compound-target network 
The drug-compound-target network contained 289 

nodes (including 8 drugs, 213 targets, and 68 compounds) 
and 1,113 edges (Fig. 1) after removing compounds without 

any targets and integrating the common compounds.  The 
size of the node changes with the degree score.  Therefore, 
a larger node would mean a higher degree score, which also 
connotes a higher significance.  According to the degree 
score, we screened out the top four compounds: beta-sitos-
terol, kaempferol, quercetin, and stigmasterol.  The corre-
sponding information is displayed in Table 2.

Identification of disease-associated targets and establishment 
of PPI network

A total of 732 genes in IgA nephropathy were retrieved 
from OMIM, GeneCards, and Drugbank databases.  There 
were 79 overlapped targets between ZBDHD and IgA 
nephropathy (Fig. 2), which could possibly be the therapeu-
tic targets of ZBDHD with respect to IgA nephropathy.  
Based on the overlapped targets, we established the PPI 
network and identified the hub genes using the Cytoscape 
plugin (Fig. 3).  The five hub targets were IL-6, TP53, TNF, 
AKT1, and IL1B, whose detailed information is given in 
Table 3.

GO and KEGG pathway enrichment analyses
GO enrichment analysis is widely used in exploring 

gene products and their corresponding characteristics (Wan 
et al. 2020).  In this study, we applied the R package “clus-
terProfiler” to explore the GO enrichment analysis (Fig. 4).  
In the case of biological processes, targets were mainly 
enriched in response to molecules of bacterial origin, lipo-
polysaccharides, and nutrient levels.  With regards to cellu-
lar components, membrane raft, membrane microdomain, 
and caveolae were enriched.  In molecular function, recep-
tor-ligand activity, cytokine receptor binding, and cytokine 
activity were the top three factors.

Table 1.  The information of some active components in ZBDHD.

Mol ID Molecule name OB% DL Herb

MOL000211 Mairin 55.38 0.78 Cortex Moutan
MOL000492 (+)-Catechin 54.83 0.24
MOL000282 Ergosta-7,22E-dien-3beta-ol 43.51 0.72 Poria Cocos
MOL000283 Ergosterol peroxide 40.36 0.81
MOL000785 Palmatine 64.6 0.65 Phellodendri Chinrnsis Cortex
MOL000622 Magnograndiolide 63.71 0.19
MOL000546 Diosgenin 80.88 0.81 Rhizoma Dioscoreae
MOL001736 (-)-Taxifolin 60.51 0.27
MOL005531 Telocinobufagin 69.99 0.79 Cornus Officinalis
MOL001495 Ethyl linolenate 46.1 0.2
MOL000359 Sitosterol 36.91 0.75 Rehmanniae Radix Praeparata
MOL000449 Stigmasterol 43.83 0.76
MOL000359 Sitosterol 36.91 0.75 Alisma Orientale
MOL002464 1-Monolinolein 37.18 0.3
MOL000631 Coumaroyltyramine 112.9 0.2 Anemarrhenae Rhizoma
MOL000546 Diosgenin 80.88 0.81

OB%, oral bioavailability%; DL, drug-likeness.
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KEGG signal pathway analysis was performed to dis-
cern the metabolic pathways associated with ZBDHD (Wan 
et al. 2019).  The top 20 pathways were as shown in Fig. 5.  
The major pathway contained the AGE-RAGE signaling 
pathway in diabetic complications, along with HIF-1, TNF, 
and IL-17 signaling pathways.

Molecular docking analysis
According to the network pharmacology analysis 

results, we verified the top four core compounds as ligands 
(beta-sitosterol, kaempferol, quercetin, and stigmasterol) 
and five hub genes as receptors (IL-6, TNF, TP53, AKT1, 
and IL1B).  We performed molecular docking to counte-
nance the effect of core compounds in IgA nephropathy.  

The results demonstrated that there was a strong affinity 
between the ligands and receptors, and the whole binding 
energy was less than –5 kcal/mol.  The binding between 
stigmasterol and IL1B was the most stable, with a binding 
energy of –8.64 kcal/mol.  At the same time, quercetin dis-
played a tight binding pattern vis-a-vis the active pocket of 
IL6 protein.  It formed up to seven hydrogen bonds with the 
IL6 proteins, leading to a very steady complex formation 
(Fig. 6).  A comprehensive account of the docking energy 
information is given in Table 4.

Identification of the key compound of ZBDHD for IgA 
nephropathy

Using the overlapped targets of each active compound 

Fig. 1.  The drug-compound-target network of Zhibaidihuang Decoction (ZBDHD).
The circle nodes represent the drugs of ZBDHD.  The octagon nodes are the active compounds surrounding the corre-
sponding drugs.  The hexagon nodes are the common compounds among drugs.  The diamond nodes represent the tar-
gets of ZBDHD.

Table 2.  The top four active components in the Herb-compound-target network.

Number Mol ID Molecule name OB% DL Degree Herb

F1 MOL000358 beta-Sitosterol 36.91 0.75 70 Phellodendri Chinrnsis Cortex, Cornus Officinalis Sieb.
C1 MOL000422 Kaempferol 41.88 0.24 67 Cortex Moutan, Anemarrhenae Rhizoma
A1 MOL000098 Quercetin 46.43 0.28 281 Cortex Moutan, Phellodendri Chinrnsis Cortex
D1 MOL000449 Stigmasterol 43.83 0.76 150 Phellodendri Chinrnsis Cortex, Rhizoma Dioscoreae, Cornus 

Officinalis Sieb. Et Zucc. Rehmanniae Radix Praeparata, 
Anemarrhenae Rhizoma

OB%, oral bioavailability%; DL, drug-likeness.



Zhibaidihuang Decoction against IgA Nephropathy 41

with their potential therapeutic targets of ZBDHD, we 
finally identified quercetin as the key ingredient of ZBDHD.  
There were 68 overlapped genes in total, as shown in Fig. 
7a.  We could also discover from the PPI network that the 

top five hub genes were the same as those in ZBDHD (Fig. 
7b).  Meanwhile, the results of GO and KEGG analyses 
were nearly identical to the ZBDHD results (Fig. 7c, d).

Fig. 2.  The Venn diagram of overlapped targets.
There are 212 genes and 732 genes in ZBDHD and IgA nephropathy respectively.  79 overlapped targets were identified 
between ZBDHD and IgA nephropathy.

Fig. 3.  The Protein-Protein Interaction (PPI) networks of overlapped targets (a) and the top five hub genes (b).
(a) The color changes according to the value of the degree.  The darker the color, the greater the value of the degree, and 
the more important the gene.  (b) The top five hub genes are TP53, IL-6, TNF, AKT1 and IL1B.
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Discussion
IgA nephropathy is the most common primary glomer-

ulonephritis around the world (Sallustio et al. 2019).  
Patients with IgA nephropathy usually advance into end-
stage kidney disease within 20-30 years post diagnosis (Lai 
et al. 2016).  In patients with end-stage kidney disease, a 

variety of comorbidities manifest, such as infections, car-
diovascular disease, and hyperparathyroidism, which in 
turn harbor a high mortality rate.  So, it is necessary to 
develop effective drugs to treat IgA nephropathy.  ZBDHD 
has been demonstrated to show benefits such as nourishing 
the kidneys, antioxidant functions, and enhancing immu-
nity, which points to its latent efficiency in treating IgA 

Table 3.  The top five genes in Protein-Protein Interaction (PPI) networks.

Gene symbol Degree Betweenness centrality Closeness centrality

IL6 138 0.02928794164971598 41.44927536231884
TNF 136 0.026790681623938488 41.80882352941177
TP53 134 0.026309260790582205 42.04477611940298
AKT1 134 0.02660231822255318 41.88059701492537
IL1B 132 0.020675674714858823 42.60606060606061

Fig. 4.  The top eight terms of Gene Ontology (GO) analysis.
BP, biological process; CC, cellular component; MF, molecular function.
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Fig. 5.  The top 20 terms of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis.
The redder the color means the smaller the P-value, and the larger the circle means the more genes are enriched.

Fig. 6.  The binding energy results between core compounds and targets.
Green represents amino acid residues, blue represents active compounds, and dashed lines represent hydrogen bonds.  
(a) AKT1-beta-sitosterol; (b) ILB1-kaempferol; (c) IL6-quercetin; (d) TNF-Stigmasterol; (e) TP53-kaempferol; (f) 
ILB1-quercetin.

Table 4.  The binding energy of core active compounds and top five genes.

Gene PDB ID
Binding energy (kcal/mol)

beta-Sitosterol Kaempferol Quercetin Stigmasterol

IL6 1ALU −7.33 −6.15 −6.1 −8.0
TNF 5UUI −6.9 −6.53 −6.38 −7.4
TP53 1YC5 −7.45 −5.94 −5.78 −8.4
AKT1 1H10 −7.04 −6.76 −5.89 −7.45
IL1B 2NVH −8.15 −6.47 −6.49 −8.64
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nephropathy.  However, its underlying mechanism and key 
compound have remained an enigma so far.  In this work, 
we aimed to uncover the latent mechanisms of ZBDHD 
against IgA nephropathy through network pharmacology 
and molecular docking analyses.

In this study, we collected chemical components of 
ZBDHD from the TCMSP database and subsequently iden-
tified 126 compounds, of which the main compounds 
involved were beta-sitosterol, kaempferol, quercetin, and 
stigmasterol.  Meanwhile, we further identified the targets 
of ZBDHD, based on the above compounds, and con-
structed a drug-compound-target network, according to 
which the main compounds could interact at various genes 
with other components.  Among the predicted compounds, 
kaempferol, quercetin, and other compounds are known to 
be beneficial for kidney diseases.  Quercetin, the main com-
pound in flavonoids, has been demonstrated to have multi-

ple functions, such as anti-inflammatory, antioxidant, 
decreasing blood pressure, and anticancer mechanisms 
(Hosseini et al. 2021).  Quercetin is known to relieve dia-
betic nephropathy by inhibiting inflammatory and oxidative 
stress inflammatory pathways (Hu et al. 2021).  Meanwhile, 
some studies have also demonstrated that quercetin exerted 
a nephroprotective effect by regulating macrophage polar-
ization (Lu et al. 2018).  Kaempferol as well has been dem-
onstrated to have a nephroprotective effect through its anti-
inflammatory and antioxidant action (Wang et al. 2020; Hu 
et al. 2021).  According to these findings, we speculate that 
these ingredients could assume a major role in ZBDHD in 
the treatment of IgA nephropathy.  However, the putative 
mechanism remains unknown.

In the present study, we gathered ZBDHD targets and 
IgA nephropathy-associated targets from certain databases 
and obtained 79 shared targets, which were considered as 

Fig. 7.  The bioinformatic analysis results of quercetin associated therapeutic targets.
(a) There are 68 shared targets between quercetin-associated therapeutic targets and ZBDHD-associated therapeutic tar-
gets.  (b) The PPI network of shared genes.  (c) The top eight GO terms.  (d) The top 20 terms of KEGG pathway analy-
sis.
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the potential therapeutic targets of ZBDHD for IgA 
nephropathy treatment.  For further exploring the common 
targets, we constructed the PPI network and identified the 
top five hub genes, namely TP53, IL-6, TNF, AKT1, and 
IL1B.  The levels of IL-6 and TNF have been detected to be 
higher in the serum of IgA nephropathy patients when com-
pared with healthy persons (Wada et al. 2003), which elic-
ited that both of them may possibly be involved in the 
pathogenesis of IgA nephropathy.  In a study on mice, IL-6-
mediated pathways were demonstrated to promote aberrant 
glycosylated IgA production, which was considered as the 
critical compound in the development of IgA nephropathy 
(Makita et al. 2020).  

We performed GO and KEGG enrichment analyses to 
further explore the potential mechanism of ZBDHD in the 
management of IgA nephropathy.  The results of the GO 
analysis confirmed that the targets were primarily enriched 
in response to nutrient levels, lipopolysaccharides, mole-
cules of bacterial origin, and oxidative stress in the biologi-
cal functions regard.  Meanwhile, the enrichment result of 
the KEGG pathway verified that there were various path-
ways involved in the treatment of ZBDHD for IgA 
nephropathy, including the AGE-RAGE signaling pathway 
in diabetic complications, HIF-1, TNF, and IL-17 signaling 
pathways.  The AGE-RAGE signaling pathway could 
induce oxidative stress and promote the production of pro-
inflammatory cytokines (Shen et al. 2020; Wu et al. 2021).  
Besides, this pathway could also activate chronic inflamma-
tion and oxidative stress in kidney tissues which damage 
kidney cells and the subsequent loss of physiological func-
tions (Sanajou et al. 2018).  The TNF signaling pathway has 
an important role in a series of pathophysiological pro-
cesses, such as inflammation induction, immune reactions 
regulation, cell proliferation, and so on, as well, as it acts as 
an important pathogenic signaling pathway in the develop-
ment of IgA nephropathy (Leung et al. 2008; Szondy and 
Pallai 2017; Tang et al. 2021).

To explore the molecular mechanism of ZBDHD 
against IgA nephropathy, we screened out four key ingredi-
ents and five hub genes to carry out molecular docking to 
further confirm the prediction result of our network phar-
macology.  The docking result showed that the binding 
between the compounds and targets was tight, and the 
whole binding energy was less than –5.0 kcal/mol.  
Quercetin forms a very stable structure with the active 
pocket of IL6 protein because they form up to seven hydro-
gen bonds, which further confirms that quercetin is an 
important ingredient in ZBDHD.

To identify the core compound in ZBDHD for the 
treatment of IgA nephropathy, we intersected all the com-
pound targets with the therapeutic targets of ZBDHD.  The 
results elicited that quercetin may be the key compound 
since it has 68 overlapped genes with ZBDHD.  We also 
constructed the PPI network and carried out the GO and 
KEGG enrichment analyses.  The results showed that the 
top five hub genes in the PPI network and the enrichment 

results were both similar to the results for therapeutic tar-
gets in ZBDHD.  In in vitro and in vivo studies, quercetin 
has been shown to inhibit Hedgehog signaling activation 
and finally remit renal fibrosis and the epithelial to mesen-
chymal transition (EMT) (Liu et al. 2019).  Meanwhile, 
quercetin has been demonstrated to block PI3k/Akt signal-
ing pathways for relieving chronic renal failure (Tu et al. 
2021).  Hence, we speculate that quercetin may be the main 
compound of ZBDHD against IgA nephropathy.

This study, however, has certain limitations.  First of 
all, only network pharmacology and molecular docking 
approaches were applied to explore the effect of ZBDHD in 
IgA nephropathy.  Hence, we need other methodologies to 
further verify this case.  Secondly, more comprehensive 
TCM, OMIM, GeneCards, and Drugbank databases are 
required to make the results more reliable.  Finally, we need 
more accurate ways to explore the therapeutic mechanism 
of ZBDHD in IgA nephropathy apart from molecular dock-
ing and network pharmacology approaches.

In conclusion, in this study, we conducted molecular 
docking and network pharmacology methods to untangle 
the potential mechanism of ZBDHD against IgA nephropa-
thy and ultimately discovered that quercetin may possibly 
be the main compound of ZBDHD.
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