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Abstract
Background: Youguiyin (YGY) has been con�rmed to treat osteoporosis (OP) in clinical trials, but its
speci�c pharmacological mechanism remains unclear. This study aimed to explore the material basis
and potential mechanism of YGY in the treatment of OP based on network pharmacology and molecular
docking.

Methods: Databases including TCMSP, SwissTargetPrediction database, OMIM, and TTD were used to
predict the effective ingredients and relevant targets of YGY in the treatment of OP. The STRING database
was used to reveal the relationship between each intersection target protein. Metascape database was
used to perform GO enrichment analysis and KEGG pathway enrichment analysis on the intersection
targets. Cytoscape 3.6.0 software was used to show the complex network relationship of YGY in the
treatment of OP. According to the results of network characteristics analysis, the core effective ingredients
and the core targets were screened out. Autodock 4.0 was used for molecular docking and Pymol was
used to visualize the docking results.

Results: 290 effective ingredients, 1127 targets of the effective ingredients, 273 relevant targets of OP
and 17 intersection targets were screened out in total by searching literature and databases. Intersection
targets could affect biological processes including regulation of in�ammatory response, ossi�cation,
negative regulation of post-transcriptional gene silencing, positive regulation of cytokine biosynthetic
process and regulation of hormone levels by regulating signal pathways including TNF signaling
pathway, osteoclast differentiation, apoptosis, MAPK signaling pathway and PI3K/Akt signaling pathway.
Through screening, 14 core effective ingredients and 6 core targets were con�rmed. The results of
molecular docking showed that most of the core effective ingredients including α-humulene,
cinnamaldehyde, denudatine, benzoylhypaconine and quercetin had good binding activity with the core
targets including TNF-α, IL-1β and IL-6.

Conclusion: Based on network pharmacology and molecular docking, the critical effective ingredients, key
targets, important signal pathways and main biological processes of YGY in the treatment of OP were
successfully screened out. This study revealed the material basis and the mechanism of YGY in the
treatment of OP and provided a theoretical basis for follow-up experimental research and clinical
application of YGY.

1. Introduction
Osteoporosis (OP) is a kind of systemic metabolic skeletal disease mainly characterized by the decrease
of bone tissue content per unit volume and the destruction of bone tissue microstructure, which lead to
the increase of bone fragility and risks of fracture. With the prolongation of human life expectancy and
the aging of the population, OP has aroused widespread concern in society. The OP epidemiological
survey report released by China in 2018 [1] showed that the prevalence rate of people aged from 40 to 49
was 3.2%, the prevalence rate of people over 50 years old was 19.2%, and the prevalence rate of people
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over 65 years old was 32.0%. The prevalence of osteoporosis is increasing year by year [2]. It is predicted
that by 2050, the number of fractures caused by osteoporosis in China will reach 5.99 million, which will
seriously affect people's quality of life [3]. The current prevention and treatment methods of OP are
mainly limited to bone resorption-inhibiting therapy such as bisphosphonates, selective estrogen receptor
modulator SERM and calcitonin, and bone formation-promoting therapy such as parathyroid analogs,
teriparatide [4]. These methods have good prevention and treatment effects, but some serious adverse
reactions can’t be avoided, limiting their clinical applications. Traditional Chinese medicine has fewer side
effects. A large number of clinical studies have con�rmed that traditional Chinese medicine compounds
and proprietary Chinese medicine can improve the clinical symptoms of OP with good therapeutic effect.
Traditional Chinese medicine therapy is a very promising direction of OP treatment, However, due to the
complex mechanism of traditional Chinese medicine compounds in the treatment of diseases, the
development of traditional Chinese medicine therapy is restricted to a certain extent. Therefore, the
mechanism of traditional Chinese medicine needs to be further studied.

"Huang Di Nei Jing" considers that the de�ciency of kidney-yang is the root cause of OP [5]. Combined
with modern clinical research, OP mostly occurs in elderly population especially in postmenopausal
women [1]. Most patients with OP have symptoms of kidney-yang de�ciency such as aches of waist and
knee and cold limbs [6]. Therefore, tonifying the kidney-yang is one of the important parts in the treatment
of OP .

Youguiyin (YGY) is a classic prescription for treating kidney-yang de�ciency, which was recorded in Jing
Yue Quanshu written by Jiebing Zhang in Ming Dynasty. This prescription is composed of Cortex
cinnamomi (Rougui, RG), Radix Aconiti lateralis praeparata (Fuzi, FZ), Radix rehmanniae praparata
(Shudi, SD), Cornus o�cinalis (Shanzhuyu, SZY), Lycii Fructus (Gouqizi, GQZ), Rhizoma Dioscoreae
(Shanyao, SY), Eucommia ulmoides (Duzhong, DZ) and Glycyrrhiza uralensis (Gancao, GC). YGY is
mainly used to treat cold limbs, aches of waist and knee, and other symptoms which are common in OP
patients of kidney-yang de�ciency type. Recent research shows that YGY has signi�cant effects in the
treatment of OP clinically. It can effectively promote the proliferation and differentiation of osteoblasts
(OB) to prevent its apoptosis, and meanwhile it can inhibit the formation and differentiation of
osteoclasts (OC) to promote its apoptosis [7, 8]. However, the speci�c pharmacological mechanisms and
molecular targets of YGY have not been clari�ed, which limits the promotion and application of this
prescription. Therefore, the monarch and minister medicines (RG, FZ, SD, SZY, GQZ, SY) that play the role
of tonifying kidney-yang in YGY were selected for this study.

The multiple effective ingredients in traditional Chinese medicine compounds can exert different
medicinal effects against different targets, forming an extremely complex drug-component-target network
[9]. Network pharmacology is a scienti�c discipline that studies the interaction between drugs and the
body based on the perspective of biological networks to discover new drugs [10]. This method of drug
discovery is more in line with the overall concept of traditional Chinese medicine theory because it is not
limited to the "single-component,single-target,single-pathway" model, and it also reduces the failure risk
and economic loss of drug development to a greater extent.
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Therefore, network pharmacology method was used to explore the potential mechanism of YGY in the
treatment of OP. The effective ingredients of YGY and the common targets related to YGY and OP were
selected to construct a Chinese medicine-compound-disease-target network. The binding ability between
the core effective ingredients and core targets was evaluated through molecular docking to further
elaborate the mechanism of YGY at the molecular level. The results of this study may help to clarify the
mechanism of YGY in the treatment of OP and provide a theoretical reference for its clinical application.
The �ow chart of this study is shown in Fig. 1.

2. Materials And Methods
2.1 Acquisition of YGY's effective ingredients

The compounds and the corresponding ADME parameters of RG, FZ, SD, SZY, GQZ and SY were collected
by the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP,
https://tcmspw.com/tcmsp.php) [11]. Compounds with oral bioavailability ≥ 30%, durg-likeness ≥ 0.18
and half-life ≥ 4h were screened as effective ingredients. At the same time, the main effective ingredients
of the six Chinese medicine in relevant literature were consulted and merged into the screening results.

2.2 Acquisition of the targets involved in YGY and OP

The targets of the collected effective ingredients were retrieved from TCMSP and the Swiss Target
Prediction database (http://www.swisstargetprediction.ch/index.php) [12]. The OP-related targets were
provided by Therapeutic Target Database (TTD,http://db.idrblab.net/ttd/) [13] and OMIM
(https://www.omim.org) [14]. With the help of David (https://david.ncifcrf.gov/) [15], protein names of all
targets were converted to the corresponding gene symbol for further screening.

2.3 Acquisition of potential targets of YGY in the treatment of OP

The intersection targets of YGY and OP were selected as the potential targets of YGY in the treatment of
OP, and a Venn diagram was constructed at the same time.

2.4 Construction of the Chinese medicine-compound-OP-target network

The Chinese medicine-compound-OP-target network was constructed by Cytoscape 3.6.0 software
according to the relationships of the intersection targets, the effective ingredients and Chinese medicinal
materials. The degree of each effective ingredient and each intersection target from the analysis of
network characteristics could be used as one of the basis for screening core effective ingredients and
core targets.

2.5 Construction of the protein-protein interaction (PPI) network

The intersection targets were imported into the STRING database (https://string-db.org/) [16] to obtain
the interactions between proteins by setting the species as "Homo sapiens" and the minimum interaction
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threshold at 0.400. Furthermore, the "Network Analyze" tool in Cytoscape 3.6.0 software was used to
perform the analysis of network characteristics and the construction of PPI network. Similarly, the degree
of each intersection target from the analysis could be used as one of the basis for screening core targets.

2.6 GO enrichment analysis and KEGG pathway enrichment analysis

The intersection targets were imported into the Metascape database (http://metascape.org/) [17] for GO
enrichment analysis and KEGG pathway enrichment analysis to explore the gene functions and signal
pathways involved. The results of the above analysis were illustrated with bar chart and bubble chart
respectively. In addition, the relationship between the intersection targets and the top 20 signal pathways
was imported into Cytoscape 3.6.0 software to construct the intersection target-signal pathway network.
Similarly, the degree of each intersection target from the analysis of network characteristics could be
used as one of the basis for screening core targets.

2.7 Molecular docking

The core targets were screened out based on the degree of each intersection target obtained by the above
3 network characteristics analyses. And the protein structures of the core targets in pdb format were
obtained from the RCSB Protein Data Bank (https://www.rcsb.org/) [18]. Correspondingly, the core
effective ingredients were determined based on the degree of each effective ingredient and relevant
literature. And the sdf �les of the core effective ingredients downloaded from the Pubchem database
(https://pubchem.ncbi.nlm.nih.gov/) [19] were converted into mol2 �les by Open Babel. The core target
protein and core active ingredients processed by AutoDock Tools 1.5.6 software were saved as pdbqt �les
for molecular docking in AutoDock The binding energy was calculated by AutoDock-Vina to evaluate the
binding ability between the targets and the effective ingredients. Generally speaking, the binding activity
between the component and the target is considered great if their binding energy is less than − 4.25;
excellent if their binding energy is less than − 5.00, and intense if their binding energy is less than − 7.00
[20]. In addition, Pymol was utilized to visualize the results of molecular docking, so as to more intuitively
explain the mechanism of YGY in the treatment of OP at the molecular level.

3. Results
3.1 The effective ingredients and targets of YGY

Through the retrieval of literature and databases, the effective ingredients and relevant targets of YGY
were selected, including 100 effective ingredients of RG, 64 effective ingredients of FZ, 74 effective
ingredients of SD, 16 effective ingredients of SZY, 42 effective ingredients of GQZ, 16 effective
ingredients of SY, 443 targets of RG, 570 targets of FZ, 526 targets of SD, 70 targets of SZY, 208 targets
of GQZ, and 80 targets of SY.

3.2 The relevant targets of OP and the intersection targets of YGY and OP
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273 relevant targets of OP were collected from TTD and OMIM with the keyword "osteoporosis". After the
construction of the Venn diagram (Fig. 2), 17 intersection targets of YGY and OP were selected as the
potential targets of YGY in the treatment of OP.

3.3 The Chinese medicine-compound-OP-target network

The relationships of the intersection targets, the effective ingredients and Chinese medicinal materials
was imported into Cytoscape 3.6.0 software to construct the Chinese medicine-compound-OP-target
network (Fig. 3). In this network, 42 ingredients from 6 Chinese medicines were able to act on 17 targets,
which re�ected the characteristics of Chinese medicine compound as multi-component and multi-target.
The result of network characteristics analysis showed that the effective ingredients with higher degree
were mainly distributed in RG, FZ and SD, including FZ6 (denudatine), FZ2 (2,7-dideacetyl-2,7-dibenzoyl-
taxayunnanine F), RG9 (α-humulene), RG15 (palmitic acid), A1 (quercetin) and SD9 (aucubin); while the
targets with higher degree mainly included CASP3, CNR2, ESR1, TNF and so on. The effective ingredients
and targets with top 10 degree were shown in Table 1 and Table 2, which could be used as the basis for
screening core effective ingredients and core targets.

 
Table 1

The effective ingredients with top 10 drgee in the Chinese medicine-compound-OP-target
network

Serial number Compound name Degree Source

A1 Quercetin 7 SD, RG, GQZ

SD9 Aucubin 2 SD

RG15 Palmitic acid 2 RG

RG9 Alpha-humulene 2 RG

FZ6 Denudatine 2 FZ

FZ2 2,7-Dideacetyl−2,7-dibenzoyl-Taxayunnanine F 2 FZ

B1 Beta-sitosterol 1 GQZ, SZY

SY2 hancinone C 1 SY

SY1 Garcinone-B 1 SY

SD13 Uridine 1 SD
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Table 2
The targets with top 10 drgee in the Chinese medicine-compound-OP-target

network
Gene symbol Target name Degree

CASP3 Caspase-3 9

CNR2 Cannabinoid receptor 2 7

ESR1 Estrogen receptor 7

TNF Tumor necrosis factor 5

TERT Telomerase reverse transcriptase 5

CTSK Cathepsin K 5

IL6 Interleukin-6 3

COL1A1 Collagen alpha-1(I) chain 3

IL1B Interleukin-1 beta 2

ALOX15 Polyunsaturated fatty acid lipoxygenase ALOX15 2

3.4 The PPI network

The results of protein interaction relationship obtained from the STRING database was imported into
Cytoscape 3.6.0 software to construct the PPI network (Fig. 4). This network showed the interaction of 16
targets, and the depth of the color indicated the degree of each target and the strength of the interaction..
The result of network characteristics analysis showed that the targets with higher degree including IL-6,
TNF, IL-1β, SPP1 and CASP3 may play an important role in the treatment of OP by YGY. The targets with
top 10 degree were shown in Table 3, which could be used as the basis for screening core targets.
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Table 3
The targets with top 10 drgee in PPI network

Gene symbol Target name Degree

IL6 Interleukin−6 14

TNF Tumor necrosis factor 12

IL1B Interleukin−1 beta 12

SPP1 Osteopontin 10

CASP3 Caspase−3 10

ESR1 Estrogen receptor 9

RUNX2 Runt-related transcription factor 2 8

IL4 Interleukin−4 8

NFKB1 Nuclear factor NF-kappa-B p105 subunit 7

COL1A1 Collagen alpha−1(I) chain 7

3.5 GO enrichment analysis and KEGG pathway enrichment analysis

17 intersection targets were imported into the Metascape database for GO enrichment analysis and KEGG
pathway enrichment analysis. There are 482 biological processes, 11 cell components, 10 molecular
functions and 54 signal pathways involved in 17 intersection targets. Obviously, YGY exerts its
therapeutic effects by affecting multiple biological functions and multiple signal pathways. The top 10
biological processes, cell components and molecular functions, and the top 20 signal pathways were
screened out based on the logP value. Additionally, the results were represented in the form of bar chart
(Fig. 5) and bubble chart (Fig. 6).

It can be seen from Fig. 5 that the biological processes involved in the intersection target mainly included
negative regulation of post-transcriptional gene silencing, regulation of in�ammatory response, positive
regulation of cytokine biosynthetic process, regulation of monooxygenase activity, regulation of hormone
levels and ossi�cation; the cell components involved mainly included side of membrane, cytoplasmic
side of plasma membrane, extrinsic component of plasma membrane, dendrite and neuronal cell body;
the molecular functions involved mainly included cytokine receptor binding, cytokine activity, receptor
ligand activity, receptor regulator activity and growth factor receptor binding.

As shown in Fig. 6, the signal pathways involved in the intersection targets mainly included IL-17
signaling pathway, Toll-like receptor signaling pathway, TNF signaling pathway, osteoclast differentiation,
MAPK signaling pathway, apoptosis, PI3K/Akt signaling pathway and NOD-like receptor signaling
pathway.
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Based on the targets enriched in the top 20 signal pathways, Cytoscape 3.6.0 software was used to
construct the intersection target-signal pathway network (Fig. 7). According to the results of network
characteristics analysis, the targets with high degree value including NF-kB, IL-6, IL-1β, TNF and CASP3
may be the key factors of YGY in the treatment of OP. The targets with top 10 degree were shown in Table
4, which could be used as the basis for screening core targets.

 
Table 4

The targets with top 10 drgee in the intersection target-signal pathway network
Gene symbol Target name Degree

NFKB1 Nuclear factor NF-kappa-B p105 subunit 18

IL6 Interleukin-6 17

IL1B Interleukin-1 beta 17

TNF Tumor necrosis factor 16

CASP3 Caspase-3 11

IL4 Interleukin-4 8

CTSK Cathepsin K 4

PPP3CA Serine/threonine-protein phosphatase 2B catalytic subunit alpha isoform 4

COL1A1 Collagen alpha-1(I) chain 2

SPP1 Osteopontin 2

3.6 Molecular docking

Based on Table 1 and relevant literature [21–23], 14 core effective ingredients were determined (Table 5).
Considering the ranking of each target in Table 2, Table 3, and Table 4, the following core targets were
screened out: TNF, CASP3, CTSK, IL-1β, NF-kB and IL-6. The docking results of the core effective
ingredients and the core targets were shown in Fig. 8 and Fig. 9. As shown in the docking results, α-
humulene, cinnamaldehyde and denudatine were able to bind tightly to all core targets with the binding
energy less than − 7.00. Meanwhile, the binding energy between IL-1β and 14 core effective ingredients
were all less than − 5.00. Most of the effective ingredients showed good binding activity to the core
targets, which validated the therapeutic effect of YGY on OP.
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Table 5
Information of core effective ingredients

Serial number Compound name Source

A1 Quercetin SD, RG, GQZ

SD9 Aucubin SD

RG15 Palmitic acid RG

RG9 Alpha-humulene RG

FZ6 Denudatine FZ

FZ2 2,7-Dideacetyl-2,7-dibenzoyl-Taxayunnanine F FZ

N/A Benzoylaconine FZ

N/A Benzoylmesaconine FZ

N/A Benzoylhypaconine FZ

N/A Aconitine FZ

N/A Mesaconitine FZ

N/A Hypaconitine FZ

N/A Cinnamaldehyde RG

N/A Catalpol SD

4. Discussion
It is generally believed that OP is closely related to the negative balance of bone resorption and bone
formation [24]. Modern studies have shown that YGY can enhance bone formation by promoting the
proliferation of OB and inhibiting the formation of OC, but the molecular mechanism has not been
revealed in detail. Therefore, this study analyzed and discussed the potential mechanism with the help of
network pharmacology and molecular docking, aiming to provide a scienti�c basis for the clinical
application of YGY.

Based on network pharmacology, this study predicted 14 core effective ingredients including quercetin, α-
humulene, cinnamaldehyde, benzoylaconine, catalpol, and 6 core targets of TNF-α, IL-1β, IL-6, NF-kB,
CTSK, CASP3. The results of molecular docking revealed that the core effective ingredients and core
targets of YGY in the treatment of OP showed good binding activity, which veri�ed the reliability of
network pharmacology. The results of GO enrichment analysis showed that the biological process of YGY
in the treatment of OP might be related to the regulation of in�ammatory response and ossi�cation. The
representative pathways closely related to the above two biological processes were selected from the
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results of KEGG pathway enrichment analysis, including TNF signaling pathway, osteoclast
differentiation and apoptosis. Figure 10 showed that the 6 core targets of TNF-α, IL-1β, IL-6, NF-kB, CASP3
and CTSK involved in regulating these signal pathways might play important roles in the treatment of OP
by YGY.

At present, a large number of studies have proven that the occurrence and development of OP is
signi�cantly associated with in�ammation [25]. The proin�ammatory cytokines TNF-α, IL-1β and IL-6 are
important regulators of bone resorption [26]. TNF-α can not only induce OB to express the key
osteoclastogenic factor RANKL [27], but also stimulate OC precursors to express RANK [28]. The
combination of RANKL and RANK will lead to OC differentiation and activation [29]. Similar to TNF-α, IL-
1β can promote RNAKL-induced OC formation by activating NF-kB [30–32]. The role of IL-6 in promoting
STAT3-mediated RANKL expression is achieved by stimulating the glycoprotein gp130 receptor subunit
on OB [33]. It can be seen that TNF-α, IL-1β, and IL-6 can all up-regulate the expression of RANKL. The
interaction of RANKL and RANK can stimulate several factors including NFATc1 [34]. CTSK directly
regulated by NFATc1 can degrade bone collagen, which is closely related to the bone resorption activity of
OC [35, 36]. In addition, TNF-α can inhibit the transcription of RUNX2, the main transcription factor for OB
differentiation [37]. TNF-α also activates the activity of the apoptosis executive protein CASP3 in OB to
induce OB apoptosis [38]. Therefore, the proin�ammatory factors TNF-α, IL-1β, and IL-6 can promote OC
differentiation while inhibiting the differentiation and activity of OB, ultimately leading to a negative
balance of bone resorption and bone formation. Furthermore, the results of molecular docking showed
that the binding energy of TNF, IL-1β, IL-6 and CTSK to more than 7 core effective ingredients were all less
than − 5.00, which indicated that they were the key factors among the 6 core targets.

It can be seen from the results of molecular docking that quercetin, α-humulene, denudatine,
cinnamaldehyde, benzoylaconine, benzoylmesaconine, benzoylhypaconine, mesaconitine and catalpol
with binding energy to 3 or more core targets among TNF, IL-1β, IL-6 and CTSK less than − 5.00 were more
important among the 14 core effective ingredients. Among them, quercetin, α-humulene, cinnamaldehyde,
benzoylaconine and catalpol have been proven to exert regulatory effects on the 6 core targets to adjust
the balance of bone metabolism. Quercetin has been proven to signi�cantly reduce the expression of
TNF-α, IL-1β and IL-6 in RAW264.7 cells induced by M-CSF, RANKL or LPS [39–41]. In addition, quercetin
can inhibit OB apoptosis while inducing OC apoptosis by regulating several factors including CASP3 [42].
The systemic treatment with α-humulene can signi�cantly inhibit the secretion of TNF-α and IL-1β [43]. α-
humulene also inhibits the activation of NF-kB [44]. Both cinnamaldehyde and benzoylaconine can
signi�cantly inhibit the secretion of TNF-α, IL-1β, and IL-6 by inhibiting multiple signal pathways,
including the NF-kB signaling pathway [45–48]. Catalpol can inhibit the bone resorption of OC by
effectively inhibiting the expression of CTSK [49]. Mesaconitine, benzoylmesaconine, benzoylhypaconine,
denudatine and other core effective ingredients with low binding energy to the core targets may also have
potential regulatory ability to the core targets and their roles in the treatment of OP by YGY cannot be
underestimated. Obviously, the molecular mechanism of YGY in the treatment of OP is closely related to
the regulation of proin�ammatory factors.
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There are several limitations in this study. Some relevant targets and effective ingredients may be ignored
due to the incomplete information of databases. In addition, even if the results of network pharmacology
and molecular docking were combined, the exact mechanism of YGY in the treatment of OP still needed
to be further veri�ed through experiments. Nevertheless, the �ndings of this study provided direction and
valuable enlightenment for follow-up research.

5. Conclusions
Based on network pharmacology and molecular docking, quercetin, α-humulene, denudatine,
cinnamaldehyde, benzoylaconine, benzoylmesaconine, benzoylhypaconine, mesaconitine and catalpol
were identi�ed as critical effective ingredients, while TNF, IL-1β, IL-6 and CTSK were considered as the
main targets. In conclusion, YGY is most likely to play a therapeutic effect on OP by inhibiting the
activation and expression of the above targets through the above effective ingredients to regulate the
signal pathway including TNF signaling pathway, osteoclast differentiation and apoptosis for improving
the biological processes including in�ammation response and ossi�cation and eventually reducing bone
resorption and promoting bone formation. This study systematically analyzed the material basis and
potential mechanism of YGY in the treatment of OP, which may provide a promising direction for further
research on the exact mechanism of YGY in the treatment of OP.
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Figure 1

The schematic diagram of this study based on network pharmacology and molecular docking for
exploring the potential mechanism of YGY against OP
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Figure 2

The venn diagram for YGY-related targets and OP--related targets. The intersection targets mean the
potential targets of YGY in the treatment of OP
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Figure 3

The Chinese medicine-compound-OP-target network of YGY in the treatment of OP
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Figure 4

The PPI network of the intersection targets
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Figure 5

GO enrichment analysis of the intersection targets
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Figure 6

KEGG pathway enrichment analysis of the intersection targets
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Figure 7

The intersection target-signal pathway network of YGY in the treatment of OP
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Figure 8

Heat maps of the binding energy for the core targets combined with the effective ingredients
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Figure 9

Molecular docking of the effective ingredients with core targets

Figure 10

The representative signal pathways of OP regulated by the core target of YGY


