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Purpose. Bone trauma is a clinical condition that afflicts the majority of the world’s population. For the management of bone
trauma, the underlying mechanisms of the drugs effective for bone healing are deemed necessary. Achyranthis bidentatae Radix
(ABR) is a popular alternative medicine recommended in the treatment of bone trauma and injury, yet its mechanism of action
persists to be vague. This study was conducted for the evaluation of the mode of action of ABR through network pharmacology
in treating bone trauma. Methods. An extensive survey of published works led to the development of a drug-target database,
after which multiple protein targets for bone trauma were discerned. The protein-protein interaction network was developed by
utilizing the STITCH database and gene ontology (GO) enrichment analysis using Cytoscape and ClueGO. Moreover, docking
studies were performed for revealing the affinity of various ingredients with IL6. Results. The extensive literature survey yielded
the presence of 176 components in ABR, and 151 potential targets were acquired. Scrutinization of these targets revealed that 21
potential targets were found to be associated with bone trauma. Out of which, some remarkable targets such as IL6, MAPK14,
MAPK8, SRC, PTGS2, and MMP2 were observed to be associated in the functional interaction of ABR. According to docking
results, several ingredients of ABR such as Baicalien, Copistine, Epiberberine, Kaempferol, and Palmatine have the lowest
docking scores (range between -6 and -7). Conclusions. The results of the study elucidated that ABR can positively be utilized
for the management of bone trauma, which can be mediated by multiple molecular mechanisms such as ERBB2 signaling
pathway, positive regulation of oxidoreductase activity, JNK cascade pathway, multicellular organism metabolic process, T cell
costimulation, and the positive regulation of MAPK activity. The findings also suggest that several ingredients of ABR such as
Baicalien, Copistine, Epiberberine, Kaempferol, and Palmatine have good affinity with IL6, suggesting the promising potential of
ABR in treating bone trauma, likely through IL6.

1. Introduction

Achyranthis bidentatae Radix (ABR) is a traditional herb that
is often used to treat bone trauma and bone injury [1]. Recent

research has established Traditional Chinese Medicines
(TCM) therapy and its use with the reduced probability of
bone injury, such as fracture and osteoporosis in various
studies [2]. ABR induces osteogenesis of mesenchymal stem
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cells (MSCs) of the bone marrow via activating the extracel-
lular signal-regulated kinase (ERK) signaling cascade and
inhibiting nuclear factor kappa B (NF-κB) pathway in rats
[3]. However, its association with different pathways was elu-
cidated concerning single compounds, and the multiple
drug-target systems remained vague. In the human body,
the bone is reported to be a remarkable organ regulated by
its dynamic remodelling through its entirety, governed by
the action of various cells involved in these stages [4]. Osteo-
blasts are those cells which have been differentiated from
MSCs through the action of transcription factors like Runt-
related transcription factor 2 (Runx2) and Osterix (Osx)
and are secreted into the bone matrix which ultimately leads
to the induction of bone mineralization [4]. In the eventual
stage of the remodelling process, they either undergo pro-
grammed cell death or tend to be consolidated into the bone
matrix during calcification [5].

Bone functions are accomplished via two coupled pro-
cesses, i.e., osteoclast-mediated bone resorption, followed
by osteoblast-mediated bone formation. Both processes
occur homeostatically in adults. The imbalance of this
homeostasis leads to bone disorders [6]. The differentiation
of osteoclasts is mediated by various factors such as Macro-
phage Colony Stimulating Factor (M-CSF) and receptor acti-
vator of NF-kappa B ligand (RANKL), where the cells initiate
fusion and development into mature and active osteoclasts
through the action of the latter [7]. Loss of bone and its resul-
tant repair is deemed to be significant issues in bone-related
studies [8]. To comprehend the bone loss and repair mecha-
nism of traumatic injuries, it is crucial to understand the
mechanism that is carried out for the whole process [8]. Bone
trauma, injury, and bone loss pertains to an issue of great
economic as well as clinical significance, as more than 100,
000 cases of bone fracture are reported every year in the
United States [8]. Bone healing is an amalgamation of many
stages that are directly and indirectly involved in the media-
tion of various pathways that elicit the recovery process [9].
Almost immediately after bone trauma is induced, a hema-
toma is produced which comprises majorly of bone marrow
MSCs, while also initiating an inflammatory response which
sequesters immunomodulatory molecules at the site of the
injury [9]. The initial onset of proinflammatory molecules
like tumor necrosis factor-α (TNF-α) and interleukins (ILs)
has shown to encourage angiogenesis and mediate necessary
inflammatory molecules [9]. Furthermore, TNF-α is reported
to induce osteogenesis of MSCs in vitro and regulated
through the activation of receptor molecules such as TNF
receptor 1 and TNF receptor 2, both of whom are actively
found on both osteoclasts and osteoblasts, respectively [9].
Remarkably, the former is reported to be expressed in the
bone while the latter only specifically expresses itself after
bone injury, which is indicative of its role in bone regenera-
tion [10]. After the advent of modern sciences and technol-
ogy, network pharmacology has reportedly been hailed as
the trendsetting outlook to the disease-gene-target-drug
interaction [9]. It works by the systematic and comprehen-
sive characterization of the mechanism and the connection
of drugs, thus revealing their therapeutic effect on the human
body [11]. The evolving techniques used in bioinformatics

offer the opportunity to openly determine and evaluate
the mechanism of a wide variety of TCM-based traditional
drugs in treating a myriad of diseases [11]. Proteins in the
interaction network are involved in signaling and serve a
key role in maintaining the regulation of various biological
functions [12].

The present study is aimed at analyzing the therapeutic
mode of action of ABR through the aid of network pharma-
cology. As of now, sparse knowledge and information exist
on the mechanism of treatment of bone trauma through
ABR, which calls for the deeper evaluation of the protein tar-
gets and their interactions. In this study, the drug-target
interaction was studied by the construction of a protein-
protein interaction network. Moreover, Gene Ontology
(GO) enrichment analysis was used to explore biological
functions associated with the mode of action of ABR [13].
Therefore, this study could prove essential for the experi-
mental study that may examine the effect of ABR on bone
trauma.

2. Methodology

For the network development and its subsequent analyses,
STITCH database was employed to elucidate the effect of
ABR on bone trauma. Figure 1 denotes the retrieval of the
chemical compounds of ABR, and the potential protein tar-
gets in Homo sapiens in step 1, followed by the development
of a protein-protein interaction network (PPIN) and GO
analysis in step 2. Lastly, the GO term analysis was conducted
by using Cytoscape software and its plug-in ClueGO to eluci-
date the mechanism of action of ABR against bone trauma at
a molecular level.

2.1. Extraction of Chemical Contents and Their Targets. ABR
formula was searched according to the literature reported
upon it, including the Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP)
(https://tcmspw.com/tcmsp.php) [14]. TCMSP database
was developed based on the knowledge of system pharmacol-
ogy. It comprises about five hundred herbs, thirty thousand
compounds, three thousand protein targets, and eight hun-
dred relevant diseases. This database not only provides infor-
mation about different pharmacokinetic features of
compounds such as drug likeliness and oral bioavailability
but also develops networks such as a compound-target net-
work. It has helped the researchers to accelerate the process
of drug discovery and development by integrating herbal
medicines with modern medicines [14]. The chemical com-
ponents were examined and the protein targets were
acquired from reported literature, including review and
research articles, as well as TCMSP database, after which
the genes associated with ABR and its biological functions
were assessed from UniProtKB (https://www.uniprot.org)
and KEGG (https://www.kegg.jp/), and the molecular targets
were examined for the association to bone trauma.

2.2. Network Construction and Analyses. For the investiga-
tion of ABR and its therapeutic mechanism of action,
STITCH 5.0 database (http://stitch.embl.de/) [15] was used,
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which is an online hub of reported protein structures and
their resultant interactions which may be mediated directly
or indirectly. The subsequent information of these interactive
networks is acquired from four sources which comprise gene
studies, coexpression, high-throughput experimental data
results, and text mining. Currently, this database holds infor-

mation of more than 9.5 million proteins, isolated frommore
than 2500 organisms. This interaction between chemical
components of a particular drug and their associated targets
was then evaluated by the construction of an interactive net-
work to evaluate the mode of action of ABR, and its pharma-
cological constituents. Protein-protein interaction network
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Figure 1: The demonstration of the systematic process used in this study.
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was established by adding TCMSP-origin protein targets to
STITCH database, by selecting the options of “Multiple Items
by Names/Identifiers” and “Homo sapiens.” Minimum
required interaction score and a maximum number of inter-
actors to show in the first shell were set at 0.004 and 10,
respectively. Action view of the acquitted network was saved
for further use. Furthermore, various statistical and biologi-
cal aspects of the network were also downloaded. Addition-
ally, SymMap database (https://www.symmap.org) [16] was
used for the construction of a network between ABR, its
active components, and its associated targets, as well as the
disease itself.

2.3. GO and Pathway Enrichment Analyses. In the next phase
of the study, the characteristic biological functions of the
chemical components were analyzed and studied using GO
enrichment analysis for the identification of target genes in
a structural fashion, categorized according to the biological
terms. This analysis was deemed useful for the investigation
of the mode of action of ABR against bone trauma. Cytoscape
(version 3.4.0) and its plugin-ClueGO [17], with a level of
significance set for 0.05, were also utilized for the elucidation
of a protein and its associated target network for the better
understanding of the biological pathways of ABR. Kappa
score for pathway network connectivity was set at 0.4 (a
cut-off point). Furthermore, a two-sided test with Bonferroni
correction was used, with a medium network which reveals
GO terms with GO levels (GO tree interval) in the range of
4-8. Lastly, the visualization of the functional interaction
and network was performed by using an organic layout algo-
rithm from Cytoscape.

2.4. Docking Study. The docking of ten compounds (Rutin,
Aregenal, Astragalin, Baicalien, Copistine, Epiberberine,
Hyperin, Kaempferol, Myristic acid, and Palmatine) with
one of the targets (interleukin-6) was carried to computa-
tionally search an appropriate ligand that fits the binding site
of protein-based on its geometry and energy [18].

For ligand preparation, all the ligand (compound) struc-
tures were searched in PUBCHEM and saved inMDLMolfile
v3000 format. The file was then opened in AutoDock-4.2,
nonpolar hydrogen atoms were merged, torsions value was
set to default while Kollman charges, and Gasteiger charges
were added using default parameters.

To find the role of interleukin-6 in osteoporosis, the pro-
tein structure of IL6 was searched and downloaded from Pro-
tein Drug Data Bank (http://www.rcsb.org). The 3D crystal-
structure IL6 with protein data bank id 1ALU is downloaded
in PDB format. The 3D structure of the protein was then
opened in Autodock-4.2, water molecule was removed,
polar-hydrogen atoms were added, and Kollman charges
were assigned to both the proteins.

Docking evaluation of IL6 with all the compounds was
performed through Auto-dock 4.2. All the compounds were
separately docked with IL6. Before running docking on both
the ligand and receptors, Grid-box was set for blind docking
and saved.

Various grid parameters were assigned to ensure the
ligand binding to the active site of protein through naviga-

tion, and the output was saved in the format of grid parame-
ter file (GPF). The AutoGrid execution was accomplished by
using the AutoGrid and GPF files as input, transforming to
the grid log file (GLG), and launching of grid.

For docking, a genetic algorithm was selected as searched
parameter while setting the number of runs to 30, and for
output, Lamarckian-GA4.2 was selected, and the output
was saved in docking parameter file (DPF) format. The rest
of the docking parameters was set to default. The AutoDock
execution was accomplished by using the AutoDockable and
DPF files as input, transforming to the docking log file (DLG)
format, launching of docking, followed by analysis of the
results. Binding energy was the basic criteria for the ranking
of results. The PDBQT format was used for saving the find-
ings. The lowest binding energy complex of ligand and pro-
tein was saved in PDB format and used for further analysis.

Ligand-protein interaction was further studied by using
Discovery Studio 2020 from BIOVIA.

3. Results

3.1. Extraction of Chemical Components and Their
Associative Targets. The cumulative number of compounds
acquired from ABR was 176 (Supplementary Table 1). An
extensive literature survey revealed 151 potential protein
targets for these chemical compounds. Preliminary
experimental findings [3, 19–22] stated that ABR could be
potentially employed for the effective treatment of Central
Nervous System (CNS) disorders and pain. Consequently,
21 of 151 targets of ABR were reported to possess
pharmacological activity against these disorders. The 21
screened targets (Supplementary Table 2) were assimilated
using UniProt database-mapping (https://www.uniprot.org/).
The acquired protein targets were assessed for their activity,
of which 16 out of 21 targets were reported to be associated
with humans.

3.2. Development of Interaction Network and Its Analysis.
STITCH database was employed for the construction of a
PPIN (Figure 2), which comprised of 26 standardized target
proteins. The probability value was set at 0.400, i.e., a
medium value. The network demonstrated 26 nodes and
146 edges. From these obtained 26 nodes, 10 were attribut-
able to functional interactions. Nodes of a network tend to
denote the specific protein targets or the related genes that
are working in association with the chemical compounds.
The interlinkage of different genes and their pairs are
denoted by edges (lines) in the network. According to the
obtained values of PPIN statistics, the PPIN enrichment p
value was negligibly small, i.e., 0.001. The approximate num-
ber of edges were observed to be 38 in the case where the
nodes were chosen randomly. If a small PPIN enrichment
value is achieved in the network, this shows that the nodes
and edges are not random and are significant, respectively.
The mean node degree and the clustering coefficient in a
PPIN denote the average interactions of a respective target
at a threshold value and the degree of connectedness of the
PPIN nodes, respectively. In this PPIN network, the average
node degree and its clustering coefficient values were
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observed to be 11.2 and 0.742, respectively. The connectivity
of the network is proportionate to the high value of the clus-
tering coefficient and vice versa. The relative value of interac-
tions of a particular node in a PPIN is denoted as the node
degree value, characterized by a quantifiable attribute of a
node. Hubs are those nodes which are marked by elevated
interactive values than that of the mean node degree. Eleven
hubs of this PPIN were found to be associated with func-
tional interactions as their node degree is greater than the
mean node degree of the network, i.e., 11.2. Amongst these
proteins, IL6 and SRC demonstrated the greatest node
degree, i.e., 21, after which JUN and FOS showed node
degrees of 20 and 18, respectively. Furthermore, other pro-
teins such as MMP2, MAPK14, PTGS2, and MAPK8 all
demonstrated the node degree value of 17. Each node and
its degree value are elucidated in Table 1. These hubs and
their functional interactions with other nodes have been
reported in various kinds of literature regarding bone
trauma. Table 2 describes the functional nodes which are
active in this PPIN, which demonstrates that ABR interaction
can result in the activation and binding of all stated func-
tional proteins, whereas FOS, TIMP2, ATF2, and PTPN1
could be inhibited by the action of ABR. Moreover, ABR is
involved in the catalysis process of almost all functional pro-

teins except for IL6R, and the posttranslational modification
processes of all these except for TIMP2, IL6R, and NCOA3,
respectively, as observed in Table 2. Table 3 illustrates various
functional enrichments in the PPIN. Furthermore, Figure 3
presents the herb-compound-diseases-targets network.

3.3. GO and Pathway Enrichment Analyses. Targets of ABR
were evaluated by using Clue-GO enrichment analysis. GO
terms were used for the characterization of biological com-
pounds and pathways. The subsequent analysis led to the elu-
cidation of 176 GO terms, which were then divided into 39
subgroups, primarily involved in the ERBB2 signaling path-
way, positive regulation of oxidoreductase activity, JNK sig-
naling cascade, multicellular organism metabolic process, T
cell costimulation, and positive regulation of MAPK activity
(Table 4, Figures 4 and 5). These study findings prove to be
significant in explaining the mechanism of ABR.

3.4. Docking Study. The docking findings are presented in
Table 5, which reveals that Baicalien, Copistine, Epiberber-
ine, Kaempferol, and Palmatine have the lowest docking
scores, i.e., in a range of -6 to -7. It indicates their good affin-
ity with interleukin-6. The number of hydrogen bonds of
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Figure 2: Action view of the PPIN network of ABR targets. Action type is denoted by colored edges: activation, inhibition, binding, catalysis,
phenotype, posttranslational modification, reaction, and transcriptional regulation. Action effects are shown by the following: positive,
negative and unspecified. Note: ESR1: estrogen receptor 1; MMP2: matrix metallopeptidase 2; CCL2: chemokine (C-C motif) ligand 2;
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endoperoxide synthase 2 (prostaglandin G/H synthase and cyclooxygenase); JUN: jun protooncogene; ALOX5: arachidonate 5-
lipoxygenase; FOS: FBJ murine osteosarcoma viral oncogene homolog; MAPK8: mitogen-activated protein kinase 8; MAPK9: mitogen-
activated protein kinase 9; BCAR1: breast cancer antiestrogen resistance 1; TIMP2: TIMP metallopeptidase inhibitor 2; IL6R: interleukin 6
receptor; ATF2: activating transcription factor 2; PTPN1: protein tyrosine phosphatase, nonreceptor type 1; NCOA3: nuclear receptor
coactivator 3; MAPK10: mitogen-activated protein kinase 10.
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these five compounds with interleukin-6 was 6, 6, 2, 6, and 3,
respectively (as shown in Table 5).

4. Discussion

Achyranthis bidentatae Radix (ABR), an herb used customar-
ily in alternate medicine, is administered when treating bone
diseases and bone trauma [3]. However, the mechanisms
through which it is rendered effective remain elusive. For
the elucidation of the mode of action of ABR against bone
trauma and its healing effect, an in silico study based on net-
work pharmacology was designed. Network pharmacology
employs the use of pathways which deduces the association
of protein compounds and the genes affiliated with the dis-
ease, thus explaining in intricate detail the complexities that
arise in various organisms, drugs, along with many diseases
from a network standpoint. This ring is similar to the holistic
approach employed by TCM, which affirms the harmonious
use of TCMwith modern methods of systems biology [23]. In
this study, multiple approaches were used such as the
retrieval of various targets for drugs, the development of
interactive networks, and the analyses of diverse pathways.
A cumulative 151 protein targets of ABR had been acquired
consequently of the extensive search. As a result, GO analyses
were performed which subsequently affirmed the activity of
ABR against bone injury and trauma. Moreover, pathway
enrichment analysis revealed the role of ABR in the regula-
tion of various pathways which act congruently with multiple
therapeutic modules.

Multiple compounds like copsitine, berberine, myristic
acid, wogonin, baicalein, baicalin, (R)-Allantoin, caprylic
acid, rutin, kaempferol, betaine, hyperin, astragalin, palma-
tine, and quercetin have been elucidated to be the major bio-
active compounds in ABR (Table 6), as they tend to exhibit
their protective effects against bone trauma and pain, based
on various in vitro and in vivo studies. Berberine is an alka-
loid which exerts a protective effect against the induced bone
destruction via inhibiting TNFRAF-6 and Ca2+-calcineurin
nuclear factor of activated T cell 1 (NFATc1). This protective
effect leads to the inhibition of osteoclastogenesis, thereby

inhibiting bone destruction [24]. Xie et al. [25] reported the
positive effect of berberine in diabetic osteoporosis, which
was achieved through the antioxidant action of berberine
and the downregulation of DNA damage in HFD-induced
diabetic rats. Baicalin is reported to be compound with a cru-
cial role in the treatment of cancer-induced bone pain, via the
upregulation of transient receptor potential vanilloid 1
(TRPV1), thus preventing the progression of bone pain in
cancer [26]. The mechanism of baicalein in bone pain in can-
cer was studied by Hu et al. [27], who reported that the com-
pound might be effective by inhibiting P-P38 and p-JNK
MAP kinase signaling pathway, while the protective analgesic
effect may be through the inhibition of various cytokines like
IL6. Kim et al. [28] also reported the inhibition ability of oste-
oclasts by inducing the inhibition of RANKL-induced activa-
tion of various signaling precursors. Osteoarthritis caused by
trauma was also observed to be alleviated with the adminis-
tration of myristic acids in rats [29]. Rutin was reported for
the protective effect it exerts in the case of ovariectomy-
induced loss of trabecular bone in rats, by decreasing the pro-
cess of bone resorption and regulating an increase in osteo-
blastic activity [30]. The combinative effect of quercetin and
rutin was observed to be positive for bone health, due to
the marked elevation in markers of bone development and
genesis and the subsequent decline in bone resorption
markers [30]. Kaempferol isolated from Kaempferia galanga
L. elucidated the protective and positive action of kaempferol
leading to elevated bone resorption and genetic expression of
osteogenesis [31]. Furthermore, Nepal et al. [32] reported
that kaempferol inhibited the phosphorylation of P38,
ERK½, CFOS, and JNK-MAPK and subsequently inhibited
the generation of osteoclasts. Kaempferol was also effective
in decreasing the interleukin 1β-stimulated proinflammatory
cytokines, indicating that it had a remarkable effect against
arthritis and osteoporosis, stimulating bone health [33].
Astragalin was reported to inhibit the release of proinflam-
matory cytokines and the expression of MMPs in induced
arthritis in mice [34].

In the protein-protein interaction network, the main
hubs which were reported were IL6, SRC, JUN, FOS,
MMP2, MAPK8, MAPK14, and PTGS2, which are already
reported to be actively involved in the treatment of bone
trauma and injury. SRC is greatly expressed in the membrane
of osteoclasts, as well as in the cells of various organelles, sug-
gesting its intricate involvement in various cellular functions.
In osteoclasts, SRC and its subsequent signaling pathway
tend to get activated after the binding of cells in the bone
matrix, where it interacts with various molecules through
receptors that mediate signaling pathways [35]. IL6 serves a
key role in the modulation of mediatory functions in various
stages of bone repair [36]. In bone trauma, IL6 reigns over
the action and activity of various immune cells and promotes
angiogenesis [37]. In various repair stages, IL6 mediates the
intramembrane and endochondral ossification and initiates
the modelling of fracture wounds, thus affirming that IL6
transsignalling greatly improved healing in the bone after
severe bone trauma [38]. IL6 also induces changes in bone
remodeling by the induction of osteoblasts and JAK/STAT3
pathways, which is also reported to be activated by the action

Table 1: Node degree of ABR targets acquired via STITCH.

Target Degree Target Degree

ESR1 15 PTGS2 17

MMP2 17 JUN 20

CCL2 10 ALOX5 4

MAPK14 17 FOS 18

ZFP36 5 MAPK8 17

CMA1 4 MAPK9 11

IL6 21 BCAR1 6

MMP3 14 TIMP2 7

PLA2G1B 3 IL6R 2

MMP1 16 ATF2 10

CYP1A2 3 PTPN1 8

CTSB 7 NCOA3 7

SRC 21 MAPK10 11
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of C-SRC in immature osteoblasts [39]. These findings sup-
port our results of docking study. The vitality of JNK (c-Jun
N-terminal kinase) was elucidated in rheumatoid arthritis,
where it was observed that it is a significant precursor in
MAPK pathway [40]. Jun performs an active part in the
acceleration of bone growth and healing after severe trauma,
by mediating the osteoprogenitor cells and regulating the
AP-1 transcription factor, an immunomodulatory factor

both common in JUN and FOS families [41, 42]. MAPKs
are the enzymes that are implied in regulating extracellular
stimulus factors which are transduced into various processes
of the cell. In many instances, they play their role as a signal-
ing hub where multiple and a diverse range of pathways over-
lap to activate a peculiar MAPK required according to the
situation. MAPK14, also known as p38 MAPK, is very
important for osteoblasts for maintaining their reported

Table 2: Action view of functional targets of ABR attained via STITCH.

Targets Activation Inhibition Binding Catalysis Post-trans. Mod. Reaction Expression Score

FOS • • • • • • • 0.999

MAPK8 • • • • • 0.999

MAPK9 • • • • • 0.999

BCAR1 • • • • • • 0.999

TIMP2 • • • • • 0.999

IL6R • • 0.999

ATF2 • • • • • • • 0.999

PTPN1 • • • • • • • 0.999

NCOA3 • • 0.999

MAPK10 • • • • • 0.999

Table 3: Functional enrichments in the PPIN.

Biological process (GO)

Pathway ID Pathway description Count in gene set False discovery rate

GO:0071310 Cellular response to organic substance 19 1.18e-11

GO:0031349 Positive regulation of defense response 12 3e-11

GO:0031347 Regulation of defense response 14 4.31e-11

GO:0050778 Positive regulation of immune response 13 4.31e-11

GO:0010243 Response to organonitrogen compound 14 8.28e-11

Molecular function (GO)

Pathway ID Pathway description Count in gene set False discovery rate

GO:0004705 JUN kinase activity 3 1.87e-06

GO:0004707 MAP kinase activity 4 1.87e-06

GO:0005515 Protein binding 20 1.87e-06

GO:0019899 Enzyme binding 12 9.59e-06

GO:0008134 Transcription factor binding 7 0.000272

Cellular component (GO)

Pathway ID Pathway description Count in gene set False discovery rate

GO:0005615 Extracellular space 10 0.00162

GO:0005896 Interleukin-6 receptor complex 2 0.00381

GO:0005829 Cytosol 12 0.0337

GO:0005901 Caveola 3 0.0337

GO:0044421 Extracellular region part 13 0.0337

KEGG pathways

Pathway ID Pathway description Count in gene set False discovery rate

04668 TNF signaling pathway 10 1.28e-14

05142 Chagas disease (American trypanosomiasis) 7 3.52e-09

04917 Prolactin signaling pathway 6 1.85e-08

05133 Pertussis 6 1.85e-08

05161 Hepatitis B 7 1.95e-08
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function and activity in adult bone and surrounding tissues
[43]. Various studies have demonstrated that p38 deletion
inhibits osteoblast terminal differentiation and ultimately
affects bone composition and regulation. In vitro studies have
shown that p38 integrates various external stimuli, including
signaling precursors like cytokines, and the BMP/TGFβ
pathways [44].

The analysis of the pathway enrichment demonstrates
the association of almost all GO terms with bone trauma.
Moreover, three GO terms, namely, ERBB2 signaling path-
way (GO ID: 38128) [45], JNK cascade (GO ID: 0007254)
[43, 44], and positive regulation of MAP kinase activity

(GO ID: 43406) [46], are reported to be significantly associ-
ated with bone trauma and injury. The ERBB2 signaling
pathway is a network of molecular signals that are initiated
by binding of a ligand to ERBB family member of cell surface
receptors, where the signal is transduced by ERBB2 [45]. The
pathway terminates with the regulation of downstream pro-
cesses in the cell. Its receptors are not able to bind to ligands
but tend to act as signal-augmenting tyrosine kinase. Positive
regulation of MAP kinase activity denotes any process that
activates or increases the frequency or rate of MAP kinase
activity [43, 44]. The JNK cascade refers to the protein kinase
cascade that comprises JNK, JNKK, and JUN3K kinases that

Herb

TCM symptom

MM symptom

Ingredient

Target

Disease

Aphasia

Arthritis

PTGS2

Quercetin
Kaempferol
Wogonin

Diosgenin
Baicalein
Palmatine
Berberine

Rutin
Betaine

Astragalin

Achyranthis bidentatae Radix

JUN

IL6

Familial cold
Autoin�ammatory
Syndrome 1

Osteopetrosis

Figure 3: SymMap retrieved network of herb-compound-diseases-targets, showing clear evidence of ABR association with bone trauma and
the involved ingredients and protein targets.

Table 4: GO terms and associated genes obtained through ClueGO.

GO ID GO term Term p value (¤) Group p value (¤) Associated genes found

GO:0038128 ERBB2 signaling pathway 8.32E-05 (8.32E-04) 8.32E-05 (1.66E-04) [KRAS, SHC1, SRC]

GO:0051353
Positive regulation of
oxidoreductase activity

1.73E-04 (1.21E-03) 1.73E-04 (1.73E-04) [CCS, ESR1, KRAS]

GO:0007254 JNK cascade 3.78E-10 (1.32E-08) 4.05E-14 (2.03E-13)
[MAP2K4, MAP2K7, MAP3K11,
MAPK10, MAPK8, MAPK9,
PTPN1, RB1CC1, TAOK3]

GO:0044236 Multicellular organism metabolic process 4.85E-07 (1.31E-05) 3.90E-08 (1.17E-07)
[CCL2, CTSB, MMP1,

MMP2, MMP3, PLA2G1B]

GO:0031295 T cell costimulation 1.50E-06 (3.45E-05) 1.77E-08 (7.08E-08) [CSK, DPP4, FYN, LCK, SRC]

GO:0043406 Positive regulation of MAP kinase activity 1.58E-12 (5.68E-11) 2.05E-18 (1.23E-17)
[CSK, KRAS, MAP2K4, MAP2K7,
MAP3K11, MAPK10, PLA2G1B,
PTPN1, SHC1, SRC, TAOK3]

Corrected with Bonferroni step down.
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Figure 4: Networks consolidated on a functional basis obtained for potential targets of ABR through ClueGo. Each functional group is
denoted by the annotation of the most important term. Groups that are interacting on a functional basis may converge with each other.
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Figure 5: Multiple GO terms obtained via GO analysis.
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Table 5: Docking scores of various compounds with interleukin-6.

Ingredients
Docking
score

(KCAL/mol)

KI
(mM)

Ref
rmsd
(A)

No.
of H-
bonds

H-bonds Polar bonds Docking outcome

Aregenal -3.22 4.39 23.822 4
ARG179,

ARG182, MET67,
SER176

LYS66,
GLU172

Astragalin -5.21 152.88 29.147 4
ASN61, GLU93,
LYS86, LYS66

PRO65,
LEU64

Baicalien -6.86 9.42 29.610 6

ASN144,
PRO139, GLU95,

LYS120,
ARG179,
ARG182

LEU148,
VAL45,
ALA144,
GLU99

Copistine -6.74 11.44 30.583 6

ASN63, TYR97,
ASP40, LYS150,

ARG179,
ARG182

LEU147,
THR143

Epiberberine -6.47 18.24 22.627 2
ARG179,
ARG182

LYS66,
MET67,
SER176,

PHE74, GLU
172
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Table 5: Continued.

Ingredients
Docking
score

(KCAL/mol)

KI
(mM)

Ref
rmsd
(A)

No.
of H-
bonds

H-bonds Polar bonds Docking outcome

Hyperin -4.59 432.10 30.431 4
GLU99, ARG179,

ARG182,
PRO139

LYS120,
PRO141

Kaempferol -6.78 10.69 21.78 6

ARG179,
ARG182,

SER169, MET67,
LYS66, SER176

PHE74

Myristic
acid

-4.86 272.61 12.876 2
ARG179,
ARG182

LEU178,
ARG30,
LEU33

Palmatine -6.60 14.49 31.156 3
ASN61, LYS66,

LYS86
GLU93,
ASN63
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altogether transmit a signal within a cell. The mechanism of
bone healing in trauma and injury is a complex and intricate
process that obeys a multitude of specific regenerative paths
and involves the expression of a diverse range of genes [46].
The MAPK pathway is reported to have an established role
in skeletal development, which has been demonstrated by
in vivo studies. The p38 MAPK pathway is important for
the differentiation of osteoblasts, where it acts as a downreg-
ulated signal which is activated by TGF-β and BMP respon-
sive kinase, TAK1. In the case of TAK1 deficiency, the p38
intermediates are deemed to be attributable to it which

results in decreased bone mass [47]. In our study, the positive
regulation of MAP kinase activity was found to be associated
with many genes including CSK, KRAS, MAP2K4, MAP2K7,
MAP3K11, MAPK10, PLA2G1B, PTPN1, SHC1, SRC, and
TAOK3. Similarly, the JSK signaling cascade is associated
with MAP2K4, MAP2K7, MAP3K11, MAPK10, MAPK8,
MAPK9, PTPN1, RB1CC1, and TAOK3. It is well established
from previous studies that MAPK signaling pathway is
indeed one of the most vital signal transduction systems
comprising of three subpathways, namely, ERK, JNK, and
p38. Amongst the three, the ERK pathway has been touted
as a stimulant for the expression and regulation of growth
factors like VEGF, leading to osteogenic differentiation. A
study shed light on the possible mechanism of the ERK path-
way, which described the signaling pathway to be activated
by HMGB1, for the induction and migration of fibroblasts
to accentuate wound healing [48, 49]. The reported literature
has elucidated the function of ABR to be effective in mitigat-
ing bone trauma and injury through modulating different
immune responses that treat and reduce damage to the bone
tissue. The findings of our study are elemental in deducing
the mode of action of ABR in the treatment of bone trauma
as well as wound or bone healing. However, they are pre-
sented in a preclinical fashion that calls for clinical trials of
ABR against bone trauma, to correlate the results with
evidence-based medicinal approaches.

Table 5: Continued.

Ingredients
Docking
score

(KCAL/mol)

KI
(mM)

Ref
rmsd
(A)

No.
of H-
bonds

H-bonds Polar bonds Docking outcome

Rutin -5.15 166.83 27.461 5
GLU99, GLN116,
ASN144, LYS120,

PRO139

GLU95,
LEU92,
THR138,
PRO144

Table 6: Active chemical components of ABR with therapeutic
effect against bone trauma.

MOL ID Molecule name MOL ID Molecule name

MOL001458 Coptisine MOL000422 Kaempferol

MOL001454 Berberine MOL000430 Betaine

MOL001393 Myristic acid MOL004368 Hyperin

MOL000173 Wogonin MOL004686 Nonenone

MOL002714 Baicalein MOL000561 Astragalin

MOL002776 Baicalin MOL006731 Areginal

MOL002347 (R)-Allantoin MOL000785 Palmatine

MOL000303 Caprylic acid MOL000869 Henicosane

MOL000415 Rutin MOL000098 Quercetin
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5. Conclusions

For the establishment of an intricate evaluation of potentially
active drugs and their target proteins, various aspects of an in
silico study are bound together by pharmacokinetics and
pharmacodynamic features for the subsequent network
pharmacology analyses. The elucidation of different mecha-
nisms of action of traditional drugs and their interactions
with various biological systems is analyzed, which can help
in understanding the therapeutic features of various drugs.
In our work, network pharmacology analysis was conducted
to understand the mode of action of alternative medicine,
Achyranthis bidentatae Radix (ABR). The study design con-
sisted of the search for potential chemical targets, their subse-
quent associative pathways, and networks. Pathway analysis
through GO molecular analysis suggested that many com-
pounds in ABR demonstrate therapeutic activity and exert
similar pharmacological functions. Results of our study dem-
onstrated the depiction of a multiple chemical-target mecha-
nism pathway, where compounds like quercetin and rutin
demonstrate similar mechanistic actions via inhibiting and
activating similar pathways. The important ingredients of
ABR, named as Baicalien, Copistine, Epiberberine, Kaemp-
ferol, and Palmatine, have good affinity with interleukin-6,
suggesting great potential of ABR in treating bone trauma.
These results provided some insight into understanding the
molecular action of ABR, as well as successfully treating bone
trauma and injury. This article establishes the potential ther-
apeutic activity of ABR. Pharmacological experiments are
additionally required to further prove the treatment of bone
trauma by using ABR.

Data Availability

All data have been included in article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This study was supported by Shanghai Putuo District Clinical
Characteristic Construction Project (No. 2019tszk01),
Shanghai Association of the Integration of Traditional and
Western Medicine (No. SH201741), and Independent Inno-
vation of Health System Research (No. ptkwws201708).

Supplementary Materials

Supplementary Table 1: the phytochemical ingredients obtained
through TCMSP search; Supplementary Table 2: active ingredi-
ents retrieved from UniProt. (Supplementary Materials)

References

[1] J. H. Kim, J. Y. Ki, J. Y. Ann et al., “Inhibitory effects of Achyr-
anthis bidentatae Radix on osteoclast differentiation and bone
resorption,” The Korea Journal of Herbology, vol. 25, 2010.

[2] W. Wang, S. Jiang, M.-Y. Wang et al., “Medicinal plant of Ble-
tilla striata: a review of its chemical constituents, pharmacolog-
ical activities, and quality control,”World Journal of Traditional
Chinese Medicine, vol. 6, no. 4, pp. 393–407, 2020.

[3] Y. Jiang, Y. Zhang, W. Chen et al., “Achyranthes bidentata
extract exerts osteoprotective effects on steroid-induced osteo-
necrosis of the femoral head in rats by regulating RANKL/-
RANK/OPG signaling,” Journal of Translational Medicine,
vol. 12, no. 1, p. 334, 2014.

[4] S. Harada and G. A. Rodan, “Control of osteoblast function
and regulation of bone mass,” Nature, vol. 423, no. 6937,
pp. 349–355, 2003.

[5] P. J. Marie and M. Kassem, “Osteoblasts in osteoporosis: past,
emerging, and future anabolic targets,” European Journal of
Endocrinology, vol. 165, no. 1, pp. 1–10, 2011.

[6] J. Y. Choi, “Healthy bone tissue homeostasis,” Experimental &
Molecular Medicine, vol. 52, no. 8, p. 1165, 2020.

[7] S. Khosla, “Minireview: the OPG/RANKL/RANK system,”
Endocrinology, vol. 142, no. 12, pp. 5050–5055, 2001.

[8] L. Ma, Q. L. Lei, and Q. Su, “Network pharmacology approach
to determine active compounds and potential targets associated
with the anti-abortion effects of scutellariae radix,”World Jour-
nal of Traditional Chinese Medicine, vol. 6, pp. 341–352, 2020.

[9] L. C. Gerstenfeld, D. M. Cullinane, G. L. Barnes, D. T. Graves,
and T. A. Einhorn, “Fracture healing as a post-natal develop-
mental process: molecular, spatial, and temporal aspects of
its regulation,” Journal of Cellular Biochemistry, vol. 88,
no. 5, pp. 873–884, 2003.

[10] Y. Gu, G. S. Wu, H. K. Li, and W. D. Zhang, “Strategy of sys-
tems biology for visualizing the “Black box” of traditional Chi-
nese medicine,” World Journal of Traditional Chinese
Medicine, vol. 6, pp. 260–270, 2020.

[11] N. W. Chang, D. D. Cheng, and J. N. Ni, “Integrated network
pharmacology and antioxidant activity-guided screen system
to exploring antioxidants and quality markers of Shunaoxin
pills against chronic cerebral ischemia,”World Journal of Tra-
ditional Chinese Medicine, vol. 5, no. 1, pp. 1–8, 2019.

[12] J. B. Wang, Z. Shi, and X. H. Xiao, “Disease-based toxicology
on safety assessment strategy and application for herbal and
traditional medicines,” World Journal of Traditional Chinese
Medicine, vol. 3, pp. 139–144, 2019.

[13] D. D. Zhao, Y. Bai, R. Wu, F. F. Mo, C. Y. Liu, and R. Y. Zhu,
“Effects of ginsenoside Rb1 on skeletal muscle insulin resis-
tance and adenosine monophosphate-activated protein kinase
signaling pathway in obese mice,” World Journal of Tradi-
tional Chinese Medicine, vol. 1, pp. 42–49, 2019.

[14] J. Ru, P. Li, J. Wang et al., “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
Journal of Cheminformatics, vol. 6, no. 1, pp. 13–19, 2014.

[15] M. Kuhn, D. Szklarczyk, S. Pletscher-Frankild, T. H. Blicher,
C. von Mering, and L. J. Jensen, “STITCH 4: integration of
protein-chemical interactions with user data,” Nucleic Acids
Research, vol. 42, pp. D401–D407, 2013.

[16] G. Bindea, B. Mlecnik, H. Hackl et al., “Cluego: a cytoscape
plug-in to decipher functionally grouped gene ontology and
pathway annotation networks,” Bioinformatics, vol. 25, no. 8,
pp. 1091–1093, 2009.

[17] X. Yao, H. Hao, Y. Li, and S. Li, “Modularity-based credible
prediction of disease genes and detection of disease subtypes
on the phenotype-gene heterogeneous network,” BMC Systems
Biology, vol. 5, no. 1, pp. 79–84, 2011.

13BioMed Research International

http://downloads.hindawi.com/journals/bmri/2021/5692039.f1.docx


[18] M. A. Buabeid, E. A. Arafa, W. Hassan, and G. Murtaza, “In
silico prediction of the mode of action of viola odorata in dia-
betes,” BioMed Research International, vol. 2020, Article ID
2768403, 13 pages, 2020.

[19] Y.-C. Wang, J.-H. Chiang, H.-C. Hsu, and C.-H. Tsai,
“Decreased fracture incidence with traditional Chinese medi-
cine therapy in patients with osteoporosis: a nationwide
population-based cohort study,” BMC Complementary and
Alternative Medicine, vol. 19, no. 1, p. 42, 2019.

[20] K. Yin, “Traditional Chinese medicine for treating obsolete
bone fracture lumbago of the elderly,” in China Unexamined
APPLIC, open to Public inspection CN20071131722, 2007.

[21] H. Zhao, N. Zhao, P. Zheng et al., “Prevention and treatment of
osteoporosis using Chinese medicinal plants: special emphasis
on mechanisms of immune modulation,” Journal of Immunol-
ogy Research, vol. 2018, Article ID 6345857, 11 pages, 2018.

[22] P. C. Leung, E. C. H. Ko, W. S. Siu, E. S. Y. Pang, and C. B. S.
Lau, “Selected topical agents used in traditional Chinese med-
icine in the treatment of minor injuries- a review,” Frontiers in
Pharmacology, vol. 7, p. 16, 2016.

[23] R. Zhang, X. Zhu, H. Bai, and K. Ning, “Network pharmacol-
ogy databases for traditional Chinese medicine: review and
assessment,” Frontiers in Pharmacology, vol. 10, 2019.

[24] F. Ye, Q. Zhou, L. Tian, F. Lei, and D. Feng, “The protective
effect of berberine hydrochloride on LPS-induced osteoclasto-
genesis through inhibiting TRAF6-Ca2+-calcineurin-NFATcl
signaling pathway,” Molecular Medicine Reports, vol. 16,
no. 5, pp. 6228–6233, 2017.

[25] H. Xie, Q. Wang, X. Zhang et al., “Possible therapeutic poten-
tial of berberine in the treatment of STZ plus HFD-induced
diabetic osteoporosis,” Biomedicine & Pharmacotherapy,
vol. 108, pp. 280–287, 2018.

[26] P. Li, Y. Bi, Y. Deng, D. Xiong, and A. Li, “Baicalin ameliorates
bone cancer pain by suppressing TRPV1 in rat dorsal root gan-
glia,” Natural Product Communications, vol. 15, pp. 1–7, 2020.

[27] S. Hu, Y. Chen, Z. F. Wang et al., “The analgesic and antineur-
oinflammatory effect of baicalein in cancer-induced bone
pain,” Evidence-Based Complementary and Alternative Medi-
cine, vol. 2015, Article ID 973524, 8 pages, 2015.

[28] M. H. Kim, S. Y. Ryu, M. A. Bae, J. S. Choi, Y. K. Min, and S. H.
Kim, “Baicalein inhibits osteoclast differentiation and induces
mature osteoclast apoptosis,” Food and Chemical Toxicology,
vol. 46, no. 11, pp. 3375–3382, 2008.

[29] S. Sekar, S. K. Panchal, N. K. R. Ghattamaneni et al., “Die-
tary saturated fatty acids modulate pain behaviour in
trauma-induced osteoarthritis in rats,” Nutrients, vol. 12,
pp. 1–15, 2020.

[30] M. N. Horcajada-Molteni, V. Crespy, V. Coxam,M. J. Davicco,
C. Remesy, and J. P. Barlet, “Rutin inhibits ovariectomy-
induced osteopenia in rats,” Journal of Bone and Mineral
Research, vol. 15, no. 11, pp. 2251–2258, 2000.

[31] I. R. Kim, S. E. Kim, H. S. Baek et al., “The role of kaempferol-
induced autophagy on differentiation and mineralization of
osteoblastic MC3T3-E1 cells,” BMC Complementary and
Alternative Medicine, vol. 16, no. 1, 2016.

[32] M. Nepal, L. Li, H. K. Cho, J. K. Park, and Y. Soh, “Kaempferol
induces chondrogenesis in ATDC5 cells through activation of
ERK/BMP-2 signaling pathway,” Food and Chemical Toxicol-
ogy, vol. 62, pp. 238–245, 2013.

[33] L. Y. Zhu, C. H. Jia, and E. Park, “Research on characteristic
manifestations of Xiaochaihu decoction based on association

rules mining,”World Journal of Traditional Chinese Medicine,
vol. 1, pp. 9–17, 2019.

[34] Q. Jia, T. Wang, X. Wang et al., “Astragalin suppresses inflam-
matory responses and bone destruction in mice with collagen-
induced arthritis and in human fibroblast-like synoviocytes,”
Frontiers in Pharmacology, vol. 10, p. 94, 2019.

[35] B. Boyce and L. Xing, “Src inhibitors in the treatment of met-
astatic bone disease: rationale and clinical data,” Clinical Inves-
tigation, vol. 1, no. 12, pp. 1695–1706, 2011.

[36] A.Wallace, T. E. Cooney, R. Englund, and J. D. Lubahn, “Effects
of interleukin-6 ablation on fracture healing in mice,” Journal of
Orthopaedic Research, vol. 29, no. 9, pp. 1437–1442, 2011.

[37] K. Prystaz, K. Kaiser, A. Kovtun et al., “Distinct effects of IL-6
classic and trans -signaling in bone fracture healing,” The Amer-
ican Journal of Pathology, vol. 188, no. 2, pp. 474–490, 2018.

[38] K. Kaiser, K. Prystaz, A. Vikman et al., “Pharmacological inhi-
bition of IL-6 trans-signaling improves compromised fracture
healing after severe trauma,” Naunyn-Schmiedeberg's Archives
of Pharmacology, vol. 391, no. 5, pp. 523–536, 2018.

[39] D. Harmer, C. Falank, and M. R. Reagan, “Interleukin-6 inter-
weaves the bone marrow microenvironment, bone loss, and
multiple myeloma,” Frontiers in Endocrinology, vol. 9, p. 788,
2019.

[40] Z. Han, D. L. Boyle, L. Chang, B. Bennett, M. Karin, and
L. Yang, “c-Jun N-terminal kinase is required for metallopro-
teinase expression and joint destruction in inflammatory
arthritis,” Journal of Clinical Investigation, vol. 108, no. 1,
pp. 73–81, 2001.

[41] R. K. Mishra, H. R. Potteti, C. R. Tamatam, I. Elangovan, and
S. P. Reddy, “c-Jun is required for nuclear factor-κB–depen-
dent, LPS-stimulated Fos-related antigen-1 transcription in
alveolar macrophages,” American Journal of Respiratory Cell
and Molecular Biology, vol. 55, no. 5, pp. 667–674, 2016.

[42] T. Lerbs, L. Cui, C. Muscat et al., “Expansion of bone precur-
sors through JUN as a novel treatment for osteoporosis-
associated fractures,” Stem Cell Reports, vol. 14, no. 4,
pp. 603–613, 2020.

[43] E. Rodríguez-Carballo, B. Gámez, L. Sedó-Cabezón et al., “The
p38α MAPK function in osteoprecursors is required for bone
formation and bone homeostasis in adult mice,” PLoS One,
vol. 9, no. 7, article e102032, 2014.

[44] E. Rodríguez-Carballo, B. Gámez, and F. Ventura, “p38MAPK
signaling in osteoblast differentiation,” Frontiers in Cell and
Developmental Biology, vol. 4, p. 40, 2016.

[45] X. Lu and Y. Kang, “Epidermal growth factor signalling and
bone metastasis,” British Journal of Cancer, vol. 102, no. 3,
pp. 457–461, 2010.

[46] D. M. Knapik, P. Perera, J. Nam et al., “Mechanosignaling in
bone health, trauma and inflammation,” Antioxidants &
Redox Signaling, vol. 20, no. 6, pp. 970–985, 2014.

[47] R. T. Franceschi and C. Ge, “Control of the osteoblast lineage
by mitogen-activated protein kinase signaling,” Current
Molecular Biology Reports, vol. 3, no. 2, pp. 122–132, 2017.

[48] M. Chen and J. Luan, “HMGB1 promotes bone fracture heal-
ing through activation of ERK signaling pathway in a rat tibial
fracture model,” The Kaohsiung Journal of Medical Sciences,
vol. 35, no. 9, pp. 550–558, 2019.

[49] L. Gao, C. H. Jia, and W. Wang, “Recent advances in the study
of ancient books on traditional Chinese medicine,” World
Journal of Traditional Chinese Medicine, vol. 6, no. 1, pp. 61–
66, 2020.

14 BioMed Research International


	Network Pharmacological Study of Achyranthis bidentatae Radix Effect on Bone Trauma
	1. Introduction
	2. Methodology
	2.1. Extraction of Chemical Contents and Their Targets
	2.2. Network Construction and Analyses
	2.3. GO and Pathway Enrichment Analyses
	2.4. Docking Study

	3. Results
	3.1. Extraction of Chemical Components and Their Associative Targets
	3.2. Development of Interaction Network and Its Analysis
	3.3. GO and Pathway Enrichment Analyses
	3.4. Docking Study

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments
	Supplementary Materials

