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Traumatic bone defect is one of the major orthopedic diseases in clinics, and its incidence is increasing year by year. And repairing
traumatic bone defects is a very difficult problem in clinics at present. ,e surface of medical titanium-based alloy has good
biological properties, and its implant has a certain role in promoting bone in bone tissue. However, titanium-based materials are
biologically inert and have no biological activity. As a traditional Chinese medicine, Salvia miltiorrhiza has the efficacy of treating
bone diseases and promoting bone healing. ,e curative effect can be better exerted by loading the traditional Chinese medicine
active compound Salvia miltiorrhiza on the surface of the titanium implant in a certain way. At present, due to the complex
chemical composition of Salvia miltiorrhiza, the mechanism of its use for the treatment of traumatic bone defects is still unclear.
,erefore, in this study, we mainly discussed the potential target and mechanism of Salvia miltiorrhiza in the treatment of
traumatic bone defects through network pharmacology, which may provide a scientific basis for the treatment of traumatic bone
defects with Salvia miltiorrhiza loaded on the surface of medical titanium-based alloy. We screened out effective compounds and
targets of Salvia miltiorrhiza and targets related to traumatic bone defects with the help of relevant databases. ,e targets of Salvia
miltiorrhiza for traumatic bone defects were analyzed by STRING and GeneCards databases, and the results were visualized by
constructing a compound-target network, protein-protein interaction network, and compound-target-disease network with
Cytoscape 3.7.1 analysis software. Finally, the selected core targets carried out GO and KEGG enrichment.,e results showed that
60 main active components were screened from Salvia miltiorrhiza Bunge, which could act on 149 targets. ,ere were 33 active
components and 70 targets related to traumatic bone defects, respectively. ,e core targets of Salvia miltiorrhiza in the treatment
of traumatic bone defects were MAPK1, MAPK10, MAPK14, TGFB1, and TNF. ,e results of enrichment analysis showed that
Salvia miltiorrhiza might treat traumatic bone defects through an osteogenic differentiation pathway.

1. Introduction

Bone is an organ that maintains the normal posture and
movement of the human body and has the function of
protecting internal organs [1]. Traumatic bone defect is one
of the most common, most frequent, and serious diseases in
orthopedics and traumatology and even poses a certain
threat to patients’ lives in severe cases [2]. In recent years,
with the continuous development of transportation and
construction industry, as well as the deepening of the aging
of the population, the incidence of traumatic bone defects is
increasing, which has seriously affected the quality of life [3].
,e repair and treatment of traumatic bone defects is a very
difficult problem in clinical practice at present, and the

treatment of bone defects is mainly through surgery and
drug treatment. With the application of orthopedic implants
in tissue engineering and the emergence of drugs on the
surface of many implants, the combination of traditional
Chinese medicine for bone repair and modern biomaterials
for bone repair has become a promising treatment for bone
defects [4]. Bone defects must be filled and implanted with
appropriate substances to accelerate bone repair [5]. Au-
tograft is the preferred filler material due to its biocom-
patibility and bone induction potential, but its application is
limited by the limited number of autologous bones and the
surgical trauma it can cause at the donor site [6]. ,erefore,
at present, we mainly use synthetic bone materials instead of
autograft for filling, so as to realize the complete integration
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of nonliving implants and living bones [7]. Among them,
medical titanium-based alloy is a new generation of medical
metal materials developed after medical stainless steel and
medical Co-Cr-Mo alloy, which has more excellent bio-
compatibility and other properties and is more suitable as an
implant for the treatment of bone defects [8]. Drug treat-
ment is mainly the use of traditional Chinese medicine
internal and external application, the combination of
western medicine, etc. ,e external traditional Chinese
medicine can directly reach the focus and has stronger
targeting, which can improve the drug concentration in the
bone microenvironment [9]. At the same time, the tradi-
tional Chinese medicine can avoid liver first-off effect
generated after the oral administration of drugs and has the
advantages of no gastrointestinal tract stimulation, small
toxic and side effects, good patient compliance, and the like
so that the traditional Chinese medicine has better clinical
effect and more advantages in treating traumatic bone de-
fects [10].,e implant is a biologically inert material with no
biological activity and can exert its curative effect by loading
externally applied Chinese herbs with bone-promoting ef-
fects on the implant. Salvia miltiorrhiza is a traditional
Chinese medicine and has certain curative effects in treating
bone diseases and promoting bone healing. Salvia miltior-
rhiza loaded on the surface of the titanium implant in a
certain way can better exert the curative effect. However, the
components of Salvia miltiorrhiza Bunge are complex so
that the mechanism of Salvia miltiorrhiza in the treatment of
traumatic bone defects is still unclear, which hinders the
application and promotion of Salvia miltiorrhiza in the
treatment of bone defects to a certain extent. On the basis of
the biological network, Chinese medicine network phar-
macology analyzes the relationship of the compound, target,
and disease in the network by means of database retrieval,
high-throughput omics data analysis, and computer simu-
lation to reflect and describe the interaction [11]. In this
work, we explored the potential mechanism of Salvia mil-
tiorrhiza in the treatment of traumatic bone defects through
network pharmacology, which played a positive role in
promoting the clinical application of Salvia miltiorrhiza in
the treatment of bone defects and the development of related
drugs.

2. Methods

2.1. Screening of Effective Components and Targets of Salvia
miltiorrhiza. We used the Chinese Medicine System
Pharmacology Database (TCMSP) to screen. We entered
Salvia miltiorrhiza under the column “Herb name” to
perform search and set the screening conditions as oral
bioavailability OB ≥30%, and drug-likeness DL ≥0.18. And
we obtained the qualified active components of Salvia
miltiorrhiza [12]. Target proteins related to effective active
ingredients of Salvia miltiorrhiza were searched separately
under the column of “Related Targets.” With the help of the
UniProt database (https://www.uniprot.org/), we stan-
dardized the human gene name corresponding to the target
protein and finally obtained the target of Salvia
miltiorrhiza.

2.2. Screening of Related Targets for Traumatic Bone Defects
and Potential Core Targets for Treatment. We searched the
disease-related targets in the GeneCards database and
OMIM database with Traumatic bone defect and Traumatic
fracture as key words, respectively. ,en, we merged and
removed the duplicate targets to get the related targets of the
traumatic bone defect. ,e online Venny 2.1 Venn diagram
was used to intersect the disease-related targets and drug
targets. After that, we obtained the intersection targets of
Salvia miltiorrhiza and traumatic bone defect, which were
the potential therapeutic targets of Salvia miltiorrhiza in
treating traumatic bone defects.

2.3. Construction of the Compound-Target Network and
Protein-Protein Interaction Network. We constructed the
Chinese medicine regulatory network of “drug-active ingre-
dient-disease-target” using Cytoscape V3.8.2 software for vi-
sualization [13]. Finally, we obtained the most effective active
ingredients according to the degree analysis. In order to clarify
the role of target protein at the level of the biological network
system, we introduced the target of Salvia miltiorrhiza in
treating traumatic bone defects obtained in Section 2.2 into
STRING (https://string-db.org/cgi/input.pl) to construct the
protein-protein interaction network. ,e setting conditions
were as follows: we choseHomo sapiens for species, deleted the
free target, and set the minimum confidence level to 0.4. We
downloaded the corresponding TSV file and imported it into
Cytoscape to generate the PPI network and used CytoNCA
plugin to analyze the PPI network [14].

2.4. Enrichment Analysis. We used DAVID databases
(https://David.ncifcrf.gov/home.jsp) to perform GO (gene
ontology) functional enrichment analysis of core targets
[15]; GO functional analysis describes the function of genes,
which is divided into molecular biological function (MF),
biological process (BP), and cellular components (CC). ,e
KEGG database was used for pathway enrichment analysis
of core targets to comprehensively predict the regulatory
pathways of Salvia miltiorrhiza in the treatment of traumatic
bone defects [16].

3. Results

3.1. Composition and Target of Salvia miltiorrhiza and
Compound-Target Network. We used the Chinese Medicine
System Pharmacology Database (TCMSP) to search the
components of Salvia miltiorrhiza with setting the screening
conditions as oral bioavailability OB ≥30% and drug-likeness
DL ≥0.18. We obtained 65 kinds of active ingredients through
screening and then searched the corresponding target proteins
of these 65 components. Five of these 65 components have no
corresponding targets. Finally, we integrated targets and re-
moved the duplicate targets to get a total of 149 targets which
were the target points of Salvia miltiorrhiza. With Cytoscape
V3.8.2 software, we built a compound-target network for vi-
sualization. As shown in Figure 1, the square node in the
middle represents the target, and the darker the square node is,
the more compounds act on it. ,e round nodes represent the
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active components in Radix SalviaeMiltiorrhizae, and the lines
represent the interaction relationship between the active
components and the targets. In the network, the components
with more targets, which had darker color in the network
diagram, may play an important role in the pharmacological
function of Salvia miltiorrhiza.

3.2. �e Core Target of Salvia miltiorrhiza in the Treatment of
Traumatic Bone Defects. We searched the disease-related
targets in the GeneCards database and OMIM database with
Traumatic bone defect and Traumatic fracture as key words,
respectively, and obtained 1700 targets in the GeneCards
database and 608 targets in the OMIM database. We finally
obtained 1482 targets related to traumatic bone defects after
merging and removing the duplicate targets. As shown in
Figure 2, we used Venny 2.1 to intersect these 1482 disease-
related targets with the above 149 drug targets to get 70
common targets, which were potential therapeutic targets of
Salvia miltiorrhiza for traumatic bone defects.

3.3. Protein-Protein Interaction Network. We introduced the
above 70 common target genes into STRING and chose
Homo sapiens for species, deleted the free target, and set the
minimum confidence level to 0.4.,rough the information of
the database, we obtained the interaction relationship

between the protein and constructed PPI network, as shown
in Figure 3.,ere were 70 nodes and 895 lines in the network
graph, and the average nodal degree was 25.6. ,e nodes
represented target proteins, and each line represented the
interaction between target proteins. We processed the
downloaded TSV file with CytoNCA plugin and finally ob-
tained 14 core target proteins such as MAPK1, MAPK10,
MAPK14, TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1,
PPARG, IFNG, RELA, and NFNB1 (Figure 4). We associated
these 14 core targets with the active components of Salvia
miltiorrhiza and found that 33 active components of Salvia
miltiorrhiza involve these 14 targets. As shown in Figure 5,
rectangular nodes represented key target genes, circular nodes
represented active ingredients in Salvia miltiorrhiza, and lines
represented the interaction relationship between active in-
gredients and targets. ,e more lines corresponding to the
target meant that more active ingredients acted on the target.
,e more lines corresponding to the active ingredient rep-
resented that there were more targets for the action of this
active ingredient. ,erefore, the more active ingredients and
targets corresponding to the lines may be the key active
ingredients and targets of Salvia miltiorrhiza in the treatment
of traumatic bone defects. Among them, the more important
active components and targets were luteolin, α-amyrin,
cryptotanshinone, tanshinone IIA, PPARG, and MAPK14,
respectively.

Figure 1: Compound-target network.
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3.4. Enrichment Analysis. GO functional enrichment anal-
ysis consists of three parts: biological process, cellular
component, and molecular function. We performed GO

functional enrichment analysis on the common targets of the
targets of Salvia miltiorrhiza and disease-related targets, as
shown in Figure 6, with the vertical axis representing the

Figure 3: Network of interactions between proteins.

1412 70 79

Disease genes Component targets

Figure 2: Potential therapeutic targets of Salvia miltiorrhiza for traumatic bone defects.

Figure 4: ,e key core targets of Salvia miltiorrhiza in the treatment of traumatic bone defects.
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Figure 5: Active components corresponding to key core targets.
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Figure 6: GO functional enrichment analysis of 149 targets.
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name of the pathway and the horizontal axis representing
the proportion of enriched genes. ,e results showed that
biological processes involved in GO functional enrichment
analysis were concentrated in the positive regulation of
transcription from the RNA polymerase II promoter, re-
sponse to the drug, positive regulation of the nitric oxide
biosynthetic process, positive regulation of smooth muscle
cell proliferation, extrinsic apoptotic signaling pathway in
the absence of the ligand, positive regulation of transcrip-
tion, DNA-templated, etc. ,e process of cellular compo-
nents was mainly related to the extracellular space, cell
surface, receptor complex, membrane raft, perinuclear re-
gion of the cytoplasm, nucleus, extracellular region, cyto-
plasm, and so on. And the process of molecular functions
was mainly related to enzyme binding, identical protein
binding, protein homodimerization activity, protein bind-
ing, protein heterodimerization activity, cytokine activity,
steroid binding, transcription factor binding, heme binding,
etc. 149 common target genes were analyzed by KEGG
pathway enrichment analysis, and 111 pathways were

obtained. Set the bar chart showing the first 30 paths with the
smallest p value, as shown in Figure 7. And in Figure 7, the
abscissa represented the number of enrichment analyses,
and the ordinate represented the p value. ,e smaller the p

value, redder the color. ,e results of KEGG pathway en-
richment analysis were mainly involved in osteoclast dif-
ferentiation (hsa04380), apoptosis (hsa04210), PI3K-Akt
signaling pathway (hsa04151), T-cell receptor signaling
pathway (hsa04660), HIF-1 signaling pathway (hsa04066),
TNF signaling pathway (hsa04668), amyotrophic lateral
sclerosis (hsa05014), neurotrophin signaling pathway
(hsa04722), and so on. Among them, osteoclast differenti-
ation pathway (Figure 8) was closely related to the bone
repair.

4. Discussion

Every year, more than 2 million people in the world suffer
from bone defects with an economic burden of 3 billion
dollars, which seriously affects the quality of life of patients.
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Figure 7: ,e KEGG pathway enrichment analysis of 149 targets.
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Bone transplantation is one of the most commonly used
surgical operations. Autologous bone is the preferred filling
material, but the number of autologous bones is limited [17].
At present, with the application of orthopedic implants in
tissue engineering and the emergence of many drugs on the
surface of implants, the combination of traditional Chinese
medicine bone repair medicine and modern bone repair
biomaterials has become a promising treatment method for
bone defects. Salvia miltiorrhiza has the effect of repairing
bone defects, but its mechanism is unclear because of its
complex composition. ,is study preliminarily studied the
possible mechanism of Salvia miltiorrhiza in treating
traumatic bone defects by using the network pharmacology
method. ,e results showed that Salvia miltiorrhiza had the
characteristics of multicomponent and multitarget in
treating traumatic bone defects, and one component of
Salvia miltiorrhiza can act on multiple targets. According to
the analysis of Cytoscape degree values, the ones with the
highest component degree values were luteolin, α-amyrin,
cryptotanshinone, and tanshinone IIA, which may be the
key components of Salvia miltiorrhiza in the treatment of
traumatic bone defects. Bone repair depended on bone
resorption and bone formation. Excessive osteoclast for-
mation was not conducive to the repair of traumatic bone
defects and led to a series of orthopedic diseases such as
osteoporosis and rheumatoid arthritis. And our results were
consistent with previous studies. Kim found that luteolin,
which is a flavonoid compound, can inhibit the differenti-
ation of bone marrow nuclear cells and Raw264.7 cells into
osteoclasts and can reduce bone loss in osteoporosis by
reducing the differentiation and function of osteoclasts [18].
α-Amyrin is a pentacyclic triterpenoid. Related studies have

shown that α-amyrin can affect some pathways in skeletal
muscle cells. Giacoman-Mart́ınez et al. found that α-amyrin
can induce translocation of glucose transporter 4 (GLUT4)
mediated by activated protein kinase (Ampk) and peroxi-
some proliferator-activated receptors (PPAR δ/c) in C2C12
myoblasts [19]. Cryptotanshinone belongs to a quinone
compound. Studies showed that cryptotanshinone can al-
leviate osteoarthritis in mice. And its mechanism may be
that cryptotanshinone can inhibit the production of PGE2
and NO induced by IL-1β, inhibit the expression of
ADAMTS-5, COX-2, MMP-3, MMP-13, and iNOS, and
achieve it by inhibiting the activation of NF-κB and MAPK
pathway [20]. ,e study showed that tanshinone IIA can
inhibit the differentiation of osteoclasts and inhibit the
differentiation of osteoclast precursor cells by inhibiting the
expression of c-FOS and NFATC1 induced by the NF-κB
ligand receptor activator [21]. In this study, it was found that
the key targets of Salvia miltiorrhiza in the treatment of
traumatic bone defects were MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1. FOS and JUN are members of the
AP-1 transcription factor complex and are regulators of
many cellular functions. JUN is associated with many in-
flammatory diseases [22]. FOS is a key regulator of bone cell
differentiation, which can induce NFATC1 expression and
inhibit osteoclast differentiation under the action of the
active ingredient tanshinone IIA [21]. AKT1 is one of the key
regulatory molecules of bone synthesis factor signaling and
is highly expressed in bone cells [23]. Naohiro Kawamura
et al. found that AKT1 can promote bone formation, and its
mechanism may be through IGF-I and insulin-mediated
osteoblast bone formation [24]. Tang et al. demonstrated

Figure 8: ,e diagram of the osteogenic differentiation pathway.
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that TGFB1 has the function of regulating bone resorption
and promoting bone formation. And regulating TGFB1 may
be an effective method for repairing bone defects. [25]. And
PPARG can also regulate bone resorption and bone for-
mation [26]. P38 mitogen-activated protein kinase (MAPK)
signaling pathway plays an important role in regulating bone
development and maintenance. MAPK14 belongs to the p38
mitogen-activated protein kinase family and is the most
abundant member in bone cells in the p38mitogen-activated
protein kinase family [27]. We also found that osteoclast
differentiation was an important signaling pathway through
GO biological functions and KEGG pathway enrichment
analysis, which corresponded to the abovemain components
and targets. ,erefore, the active components luteolin,
α-amyrin, cryptotanshinone, and tanshinone IIA in Radix
Salviae Miltiorrhizae may play an important role in the
treatment of traumatic bone defects, and its mechanismmay
be related to the regulation of MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1 on the osteogenic differentiation
pathway, so as to achieve the therapeutic effect. In this work,
we preliminarily discussed the mechanism of Salvia mil-
tiorrhiza in treating traumatic bone defects through network
pharmacology, which laid a scientific foundation for the
clinical application of Salvia miltiorrhiza. Math tools are
very important in medical applications [28–31]. We think
the work benefits the field.

5. Conclusion

In this study, we analyzed the mechanism of Radix Salviae
Miltiorrhizae in the treatment of traumatic bone defects
based on network pharmacology. We found a total of 65
active components in Radix Salviae Miltiorrhizae. Fur-
thermore, through network analysis and screening, we
obtained 33 main active components and 70 action targets,
which were related to traumatic bone defects. ,e results
showed that its mechanism of treating traumatic bone de-
fects may be that luteolin, α-amyrin, cryptotanshinone, and
tanshinone IIA acted on MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1 by the osteogenic differentiation
pathway.
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