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Introduction

The aging process is characterized by a variety of changes in 
body composition; for example, muscle mass peaks around 
the age of 30 and then begins to decline, with a loss of 
approximately 20–40% by the age of 70, and corresponding 
muscle dysfunction may occur (1). One study reported that 
after the age of 50, leg muscle mass decreases by 1–2% per 
year and muscle strength decreases by 1.5–5% per year (2).

The concept of sarcopenia was first introduced by 
Rosenberg in 1989 (3) and was included in the International 
Classification of Disease 10th revision as a chronic muscle 
disease (M62.84) in 2016 (4). Under the 2019 Consensus 
Update on Sarcopenia Diagnosis and Treatment, sarcopenia 
is defined as an age-related reduction in muscle mass, 
accompanied by a decrease in muscle strength and/or 
reduced physical performance (5). Sarcopenia can be 
divided into primary and secondary sarcopenia. Primary 
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sarcopenia is a manifestation of aging and is common 
in the elderly population, while secondary sarcopenia 
can be associated with reduced activity, disease, and  
malnutrition (6). The prevalence of sarcopenia ranges 
from 5.5–25.7%, and it is more prevalent in men than 
women (5). Sarcopenia is a complex disease affected by 
environmental and genetic factors, and its pathogenesis 
has not yet been fully elucidated. It may be related to 
neuromuscular dysfunction (7), age-related hormone 
changes, inflammation, myocyte apoptosis, genetic 
factors, nutritional factors, and inactivity (8). Sarcopenia 
increases the likelihood of adverse outcomes, such as falls, 
fractures, disability, and death (8,9). It can also increase 
the hospitalization rates and medical expenses of the elderly, 
seriously affect their quality of life, and even shorten their 
life expectancy. The prevalence of sarcopenia increases with 
age (10,11), and it is expected that by 2050, >200 million 
people worldwide will suffer from sarcopenia (12). With 
the acceleration of population aging, sarcopenia will 
place a heavy burden on families and society (13), which 
has attracted more and more attention worldwide. Thus, 
effective treatments are urgently needed to slow down the 
development of sarcopenia.

The treatment of sarcopenia (14) mainly comprises 
exercise interventions (15-17), nutrition interventions (18), 
and pharmacological interventions (19). For some patients, 
exercise therapy is limited by advanced age and disease 
conditions, while evidence of the effectiveness of nutritional 
interventions alone has not yet been gathered by high-
quality studies (8,20). Thus, the development of effective 
therapeutic drugs is of great importance. No specific drugs 
have been approved for the treatment of sarcopenia, and 
clinical guidelines have recommended some drugs that 
may be beneficial to the skeletal muscle, such as vitamin 
D, anabolic hormones, growth hormone, antibodies to 
myostatin or activin II receptors, angiotensin converting 
enzyme inhibitors and β adrenergic receptor antagonists. 
However, the efficiency and safety of new medications is 
currently unknown, and there is inadequate evidence to 
recommend the use of any of these drugs at present for the 
management of sarcopenia. The development of new drugs 
is a time-consuming, laborious, and high-risk process. As 
the famous saying goes, the best way to discover a new drug 
is to start with an old one. If new indications are discovered 
for existing drugs, time and resources need not be expended 
on the development of new drugs. Thus, this approach 
could prove both efficient and cost effective.

Puerarin is an effective monomer isolated from the 

traditional Chinese medicine Pueraria lobata (Willd.) Ohwi, 
which has various pharmacological activities, such as anti-
inflammatory, anti-oxidant, vasodilation, and apoptosis-
regulating effects. It is relatively inexpensive and easy to 
extract, making it a promising natural agent with broad 
application prospects. Puerarin has been used clinically to 
treat a variety of diseases, such as cardiovascular disease, 
retinal arteriovenous obstruction, sudden deafness, diabetes, 
and diabetic complications (21,22). The pathogenesis 
of sarcopenia is associated with inflammation (23-25), 
oxidative stress (26,27), and myocyte apoptosis (28-30), and 
puerarin has anti-inflammatory, anti-oxidant, and apoptosis-
regulating effects (31). Thus, we conjectured that puerarin 
may have therapeutic effects in the treatment of sarcopenia. 
Research has shown that puerarin reduces skeletal muscle 
atrophy in diabetic rats (32) and mice with sciatic nerve 
injury (33). It has also been shown that Radix Pueraria 
lobata, the source of puerarin, prevented skeletal muscle 
atrophy induced by a high-fat diet in mice (34). However, 
further investigations need to be conducted to determine 
whether puerarin can ameliorate other causes of muscle 
atrophy or sarcopenia and its specific mechanism of action.

With the development of computer and high-throughput 
omics technology, a large number of bioinformatics libraries 
have been established. Network pharmacology, based on 
systems biology and pharmacology, enables the prediction 
of hidden associations between drugs, diseases, and targets. 
The research method of network pharmacology is to 
obtain disease-related targets and drug intervention targets 
through high-throughput sequencing or public databases, 
and then identify the targets of drug intervention in the 
disease and construct a protein-protein interaction network, 
screen out core targets and conduct enrichment analysis, 
and finally explain the mechanism of drug action on the 
disease from the perspective of biological network balance. 
A network pharmacological strategy can be adopted to 
systematically study the intervention mechanisms of drugs 
on diseases, thereby providing a theoretical basis for drug 
development and elucidating the mechanisms of action. 
There are many literatures on the mechanism of action of 
puerarin based on network pharmacology. However, no 
research has been reported on the mechanism of action of 
puerarin on sarcopenia using a network pharmacological 
approach. Thus, the present study was designed to 
explore the potential targets and molecular mechanisms of 
puerarin in the treatment of sarcopenia through a network 
pharmacological approach to provide a theoretical basis 
for subsequent drug development and pharmacological 
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experiments. We present the following article in accordance 
with the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2360/rc).

Methods

Identification of potential therapeutic targets of puerarin

The targets of puerarin were obtained from the Traditional 
Chinese Medicine Systems Pharmacology Database and 
Analysis Platform (TCMSP) database (35) (https://tcmsp-e.
com) and standardized through the UniProt Database (36) 
(https://www.uniprot.org).

Screening of targets related to sarcopenia

The keyword “sarcopenia” was used to search the 
GeneCards database (37) (https://www.genecards.org), 
the DisGeNET database (38) (https://www.disgenet.
org), the Online Mendelian Inheritance in Man (OMIM)  
database (39) (https://www.omim.org), and the Therapeutic 
Target Database (TTD) (40) (http://db.idrblab.net/ttd/) for 
potential targets of sarcopenia. In the Genecards database, 
the score value reflects the association between the target 
and the disease, and targets with a score ≥ median were 
selected as potential targets for sarcopenia. Similarly, the 
screening threshold in the DisGeNET database was set as a 
Scoregda ≥ maximum × 0.3. We merged the targets from the 
4 databases, removed duplicate targets, and standardized 
the targets through the UniProt database. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013).

Protein-protein interaction (PPI) network construction 
and core targets screening

PPI networks of puerarin and sarcopenia were constructed 
using the Cytoscape 3.8.2 (41) plug-in BisoGenet (42), 
and the intersection network of the 2 PPI networks was 
extracted using the Merge function in Cytoscape. The 
median degree was calculated, and all nodes with a degree 
≥ twice the median (i.e., the “Hit hubs”) were selected. We 
used the CytoNCA plug-in (43) to analyze the topological 
parameters of each node in the Hit-hubs network, and 
calculated the median of degree, betweenness, and closeness 
of these nodes. Nodes met the following conditions at the 
same time were selected as the core targets: attribute values 

≥ the median of degree, attribute values ≥ the median of 
betweenness, and attribute values ≥ the median of closeness. 
The resultant network was analyzed by the Molecular 
Complex Detection (MCODE) algorithm to identify the 
densely connected network components, and a pathway 
and process enrichment analysis was then applied to each 
MCODE component independently. The 3 best-scoring 
terms by P value were retained as functional descriptions of 
the corresponding components.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analysis of core targets

Core targets  were  imported into  the  Metascape  
platform (44) (http://metascape.org/gp/index.html) for the 
GO and KEGG enrichment analyses. The GO analysis 
examined the following 3 aspects (45): biological process 
(BP), cellular component (CC), and molecular function 
(MF). The results of the BP, CC, MF, and KEGG data were 
saved, and the top 20 items with the lowest P values were 
selected for visualization using the online bioinformatics 
tool (http://www.bioinformatics.com.cn).

Statistical analysis 

The topological analysis was performed by Cytoscape 
version 3.8.2. for Windows. GO and KEGG enrichment 
analysis was performed by Metascape platform. The 
statistical significance threshold of enrichment analysis was 
P<0.05.

Results

Identification of potential therapeutic targets of puerarin

Potential therapeutic targets of puerarin were obtained 
from the TCMSP database, which were then verified by 
UniProt to exclude invalid targets. Ultimately, 53 targets 
were identified (see Figure 1).

Screening of targets related to sarcopenia

The GeneCards database, DisGeNET database, OMIM 
database, and TTD were searched and filtered according 
to the corresponding conditions, and 113, 18, 4, and 0 
targets were obtained, respectively. After verification by 
UniProt and the removal of duplicated targets, a total of 

https://atm.amegroups.com/article/view/10.21037/atm-22-2360/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-2360/rc
ttps://tcmsp-e.com
ttps://tcmsp-e.com
http://www.bioinformatics.com.cn


Chen et al. Mechanisms of puerarin on sarcopenia Page 4 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(12):671 | https://dx.doi.org/10.21037/atm-22-2360

129 sarcopenia-related targets remained (see Figure 2).

PPI network construction and screening of core targets

From the PPI network constructed by Bisogenet, we found 
that the potential targets of puerarin could interact directly 
or indirectly with 3,500 targets, and their interrelationships 
reached 86,431; there were 3,828 targets directly or 
indirectly related to sarcopenia, and the interrelationships 
between the targets reached 93,928. Taking the intersection 
of the 2 networks, we established a PPI network comprising 
2,148 nodes and 58,905 edges (see Figure 3).

The CytoNCA plug-in was applied to calculate the 
topological parameters of each node in the intersection 
PPI network, and a total of 206 core targets were obtained 
after screening. The screening strategy is shown in  
Figure 4A, and the PPI network of the core targets is shown 
in Figure 4B.

The core PPI network was analyzed by the MCODE 
algorithm to identify the densely connected network 
components, which were considered to have specific 
biological functions (see Table 1). Ultimately, 3 sets with 
biological significance were obtained. The representative 
BPs were related to telomere organization, protein 
synthesis, and protein catabolic process.

GO and KEGG enrichment analyses of core targets

The Metascape platform was used to perform the GO and 
KEGG enrichment analyses of the 206 core targets. The 
top 20 items with the lowest P values for the BP, CC, MF, 
and KEGG results were selected and visualized in a bubble 
chart (see Figure 5). The size of the bubble represents the 
number of enriched targets, and the color of the bubble 
indicates the P value of enrichment.

As Figure 5 shows, the BPs of the top enriched GO 
terms included translation, peptide biosynthetic process, 
telomere organization, the apoptotic signaling pathway, 
and regulation of protein stability. These BPs were related 
to cell cycle, apoptosis, protein anabolism and catabolism, 
suggesting that puerarin may play a regulatory role in cell 
cycle, apoptosis, and skeletal muscle protein homeostasis in 
sarcopenia. In the analysis of the CCs, the relevant targets 
were enriched in the ribonucleoprotein complex, protein-
deoxyribonucleic acid (DNA) complex, transferase complex, 
ribosome, and transcription regulator complex. The MFs 
of the relevant targets included protein domain specific 
binding, transcription factor binding, ubiquitin protein 
ligase binding, ubiquitin-like protein ligase binding, and 
kinase binding.

Figure 5D shows the top 20 pathways of the KEGG 
enrichment analysis in terms of the P values, including 
the phosphatidylinositol-3-kinase and protein kinase B 
(PI3K-Akt) signaling pathway, cell cycle, microtubule-
associated protein kinase (MAPK) signaling pathway, and 
ubiquitin-mediated proteolysis. Additionally, the forkhead 
transcription factors of the O class (FOXO) signaling 
pathway, apoptosis, nuclear factor kappa B (NF-κB) 
signaling pathway, and mammalian target of rapamycin 
(mTOR) signaling pathway were also enriched and 

Figure 1 Potential therapeutic targets of puerarin.

Figure 2 Targets related to sarcopenia.
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statistically significant.

Discussion

The pathogenesis of sarcopenia is complex, while network 
pharmacology shows a unique advantage in predicting and 
explaining the action mechanism of traditional Chinese 
medicine. Although network pharmacology is widely used 
in traditional Chinese medicine, the study on sarcopenia is 
relatively scarce and on the primary stage. Zhao et al. (46) 
explored the mechanism of Magnoliae Cortex on sarcopenia 
through network pharmacological methods, and found four 
core targets, including AKT1, EGFR, INS and PIK3CA. 
Enrichment analysis found that the mechanism of drug 
action may relate to PI3K-Akt signaling pathway, EGFR 
tyrosine kinase inhibitor resistance, longevity regulating 
pathway, and other cellular and innate immune signaling 
pathways. It showed that Magnoliae Cortex may be a 
candidate drug for sarcopenia. This provided a theoretical 
basis for further pharmacological research. However, this 
study has not been verified by experiments. Future studies 
can be carried out to clarify the intervention effect and 

mechanism of Magnoliae Cortex on sarcopenia based on 
the results of network pharmacology.

In the present study, through a network pharmacological 
approach, we screened out the core targets and core 
networks of puerarin in the treatment of sarcopenia, and 
then performed GO and KEGG enrichment analyses to 
identify the functions of the targets, thereby revealing 
the potential pharmacological mechanisms of puerarin in 
treating sarcopenia, which can provide a theoretical basis 
for subsequent drug development and pharmacological 
experiments.

We obtained 53 targets of puerarin from the TCMSP 
database, including AKT1, BCL2, BAX, CASP3, NFKBIA, 
TNF, SOD1, etc. These targets are related to cell growth, 
apoptosis, inflammation, and oxidative stress. As the targets 
are interconnected in a large interaction network, the effects 
of drugs on diseases are not limited to the direct effects, and 
any study of drug action mechanisms should also explore 
the indirect action in the PPI network. In this study, a 
PPI network of 53 targets of puerarin was constructed to 
establish a network comprising 3,500 nodes, which was the 
potential target network of puerarin acting on the human 

Figure 3 PPI network of puerarin, sarcopenia, and intersection diagram of the 2 networks. PPI, protein-protein interaction.

Puerarin

Sarcopenia

Merge3,500 nodes and 86,431 edges

2,148 nodes and 58,905 edges

3,828 nodes and 93,928 edges
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body. Similarly, we obtained 129 targets for sarcopenia from 
the GeneCards database, DisGeNET database, OMIM 
database, and TTD, including AKT1, mTOR, FOXO, 
BCL2, BAX, NFKB1, TNF, SOD1, etc. These targets are 
also related to cell growth, apoptosis, inflammation and 
oxidative stress. AKT1, BCL2, BAX, TNF and SOD1 
are the main common targets of puerarin and sarcopenia, 
indicating that puerarin may have therapeutic effects on 
sarcopenia through the regulation of cell growth, apoptosis, 
inflammation and oxidative stress. The PPI network was 
also constructed, resulting in a network comprising 3,828 

nodes, which was the network of potential targets related to 
sarcopenia. Taking the intersection of the 2 networks, a PPI 
network comprising 2,148 nodes was established, which was 
the potential target network of puerarin in the treatment 
of sarcopenia. To further determine the core network, we 
calculated the topological parameters of each node. The 
Hit-hubs network was first extracted by selecting nodes with 
a degree ≥ twice the median, and a core network comprising 
206 nodes, which were considered the key targets of 
puerarin in the treatment of sarcopenia, was then screened 
out by degree, betweenness, and closeness values. The 

2,148 nodes and 58,905 edges 531 nodes and 22,717 edges 206 nodes and 7,037 edges

DC >72

DC >114

CC >0.537

BC >250.058

A

B

Figure 4 Screening strategy used to identify the key nodes (A) and the core target interaction network (B). DC, degree; BC, betweenness; 
CC, closeness. 
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PPI network was analyzed using the MCODE algorithm, 
and 3 sets with biological significance were obtained. The 
representative BPs were related to telomere organization, 
protein synthesis, and proteolysis, indicating that the 
mechanism of puerarin in the treatment of sarcopenia may be 
related to the regulation of telomere organization and protein 
metabolism. To analyze the functions of these targets and the 
related pathways, we performed GO functional annotation 
and KEGG pathway enrichment analyses. We found that the 
functions of these targets included ubiquitin ligase binding, 
transcription factor binding, and kinase binding. The BPs 
were associated with telomere organization, apoptosis, 
protein synthesis, and proteolysis. The signaling pathways 
involved included cell cycle, apoptosis, the PI3K-Akt 
signaling pathway, and the mTOR signaling pathway, which 
were related to protein synthesis, and pathways associated 
with proteolysis, such as the MAPK signaling pathway, 
NF-κB signaling pathway, FOXO signaling pathway, and 
ubiquitin-mediated proteolysis.

In healthy adult muscle tissue, skeletal muscle satellite 
cells are in the quiescent phase and have a number of 
functions, such as self-repair and the renewal of muscle 
fibers (47). When the skeletal muscle system suffers from 
injury, skeletal muscle satellite cells may be activated to 
proliferate and differentiate into myoblasts. Myoblasts 
have the ability to proliferate, differentiate, fuse to form 
multinucleated myotubes, and develop into mature muscle 
fibers. In the presence of myogenic regulatory factors, 
myoblasts proliferate and accumulate in muscle tissue, and 
then initiate the differentiation program. Myoblasts exit 
the cell cycle in an irreversible manner, gradually fuse to 
form multinucleated myotubes, and further differentiate to 
form myofibers, which migrate to injured muscle tissue to 
achieve the self-repair of muscle fibers (47,48). The process 
of myoblast proliferation and fusion to form myotubes 
governs the development of skeletal muscle. The change in 
skeletal muscle mass is the result of a change in the balance 
of protein synthesis and catabolism (49).

Table 1 Functional description of potential modules within the core PPI network of puerarin in the treatment of sarcopenia 

Module network GO term Description Log10 (P)

GO: 0032200 Telomere organization –55.4

GO: 0006335 DNA replication-dependent nucleosome assembly –52.1

GO: 0034723 DNA replication-dependent nucleosome organization –52.1

GO: 0002181 Cytoplasmic translation –17.2

GO: 0006412 Translation –16.6

GO: 0043043 Peptide biosynthetic process –16.4

GO: 0006511 Ubiquitin-dependent protein catabolic process –5.7

GO: 0019941 Modification-dependent protein catabolic process –5.7

GO: 0043632 Modification-dependent macromolecule catabolic process –5.6

PPI, protein-protein interaction; GO, Gene Ontology. 
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It has been suggested that the decline of the number 
of skeletal muscle satellite cells is an important cause of 
the development of sarcopenia (50). With the aging of the 
body, both the number of skeletal muscle satellite cells and 
the skeletal muscle mass declines (51). Thus, it is important 
to promote the proliferation, differentiation, and fusion 
of myoblasts, and maintain the balance between skeletal 
muscle protein synthesis and degradation metabolism, 
which will be conducive to the repair and regeneration 
of skeletal muscle tissue and is of great significance in the 
prevention and treatment of sarcopenia. In the present 
study, we found that the functions and pathways involved in 

the core targets of puerarin in the treatment of sarcopenia 
were related to cell cycle and cell proliferation; thus, it 
was hypothesized that puerarin plays a therapeutic role in 
sarcopenia by regulating the proliferation of myoblasts. 
However, no few research has been conducted to examine 
the effect of puerarin on myoblasts, and future studies need 
to be conducted to explore whether puerarin promotes the 
proliferation and differentiation of myoblasts and thus plays 
a therapeutic role in sarcopenia. 

The pathogenesis of sarcopenia is associated with the 
disturbance of muscle protein homeostasis, manifested by 
a decrease in muscle protein anabolism and an increase in 
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Figure 5 GO annotation of BP (A), CC (B), MF (C) and KEGG pathway analysis (D) of the core targets. The top 20 terms with an adjusted 
P value <0.05 were selected and presented in a bubble chart manner. The size of the bubble represents the number of enriched targets, and 
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catabolism (52). The PI3K-Akt signaling pathway is one 
of the key pathways that regulate protein homeostasis, 
promoting protein synthesis and inhibiting protein 
degradation. The activation of the PI3K-Akt signaling 
pathway inhibits glycogen synthase kinase-3 (GSK3) 
and activates mammalian target of rapamycin complex-1 
(mTORC-1), thereby increasing protein synthesis. 
Additionally, PI3K-Akt activation also phosphorylates 
and inactivates the FOXO transcription factor, thereby 
preventing protein degradation (52-56). Yin et al. found 
that puerarin increased protein synthesis through the 
upregulation of the Akt-mTOR signaling pathway and 
the inhibition of autophagy, thereby ameliorating muscle 
wasting induced by high glucose in L6 myotubes; in addition, 
phosphorylation of the transcription factor FOXO3a was 
also shown to be upregulated by puerarin (32). In the present 
study, the PI3K-Akt signaling pathway, mTOR signaling 
pathway, and FOXO signaling pathway were enriched in 
the KEGG analysis. Thus, it is hypothesized that puerarin 
may affect the synthesis and degradation of skeletal muscle 
proteins by regulating the PI3K-Akt signaling pathway, 
mTOR signaling pathway, and FOXO signaling pathway, 
thus exerting a therapeutic effect on sarcopenia.

Protein degradation is mainly mediated by the following 
4 mechanisms (52): (I) the ubiquitin proteasomal system 
(UPS) (57); (II) the lysosomal proteolytic system (58,59); 
(III) the calcium-dependent calpains (60); and (IV) the 
cysteine-dependent aspartate-specific proteases (61). 
When skeletal muscle is stimulated by oxidative stress and 
inflammatory cytokines, muscle RING finger-containing 
protein 1 (MuRF-1) and muscle atrophy F-box protein 
(MAFbx) can be activated through the MAPK and NF-
κB signaling pathways, which can activate the ubiquitin-
proteasome system and thus promote proteolysis (52).

The FOXO signaling pathway is also asso ciated with 
protein degradation. The FOXO transcription factor 
upregulates the expression of MuRF-1 and MAFbx, which 
induces UPS proteasomal degradation. Notably, it also 
promotes the autophagy-lysosomal system by controlling 
the transcription of core components of autophagosomes 
and lysosomes (56,62-64). Yin et al. found that puerarin 
downregulates the expression of muscle atrophy markers, 
such as Atrogin-1 and MuRF-1, in diabetic rats (32). In 
the present study, the MAPK signaling pathway, the NF-
κB signaling pathway, ubiquitin-mediated proteolysis, 
and the FOXO signaling pathway were enriched in the 
KEGG analysis. Thus, it is speculated that puerarin may 
affect skeletal muscle proteolysis by regulating the MAPK 

signaling pathway, the NF-κB signaling pathway, ubiquitin-
mediated proteolysis, and the FOXO signaling pathway, and 
thus play a therapeutic role in sarcopenia.

Another interesting finding from our study was that the 
therapeutic effects of puerarin on sarcopenia might also be 
achieved via the regulation of apoptosis. Myocyte apoptosis 
and mitochondrial dysfunction are associated with muscle mass 
loss (52,65), which might be the pathogenesis of sarcopenia. 
Park et al. found that the apoptosis of semitendinosus skeletal 
muscle cells increased with age (66). It has also been reported 
that the level of myocyte apoptosis is significantly higher in the 
elderly than the young (67). Aging, oxidative stress, low growth 
factors, and immobility can trigger the caspase-dependent or 
caspase-independent pathways that lead to cell death. Li et al. 
found that puerarin reduced apoptosis in cardiac myocytes (68).  
In the present study, the apoptosis signaling pathway was 
enriched in the KEGG analysis. Thus, it is hypothesized that 
puerarin may have a therapeutic effect on sarcopenia via the 
regulation of apoptosis.

Network pharmacology integrates multiple disciplines 
such as systems biology and computational biology, and can 
explore the relationship between drugs and diseases on a 
holistic level. It saves the cost for the development of new 
drugs, and to some extent, can break through the limitations 
of “single component-single target-single pathway” 
in traditional Chinese medicine research. At present, 
the application of network pharmacology in traditional 
Chinese medicine mainly includes the identification of 
active pharmaceutical ingredients, the elucidation of 
pharmacological mechanisms, and the development of 
new drugs. Although network pharmacology has many 
advantages, it still faces some challenges. Firstly, network 
pharmacology is based on databases and computer analysis, 
the databases may have some limitations, and the reliability 
of the results of network pharmacology needs to be further 
verified. Secondly, some of the active pharmaceutical 
ingredients identified by network pharmacology have a 
low content in the original drugs, which may only have 
theoretical significance and do not play important roles in 
clinical practice. Thirdly, the efficacy of drugs could not 
be detected by network pharmacology, which need to be 
verified by experiments. 

In this study, through a network pharmacological 
approach, we find that puerarin might have protective 
effects on sarcopenia through the regulation of protein 
homeostasis, cell cycle and myocyte apoptosis. Further 
experiments need to be conducted to explore the 
protective effects of puerarin on sarcopenia, and real-time 
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quantitative polymerase chain reaction (qPCR) and western 
blot technologies could be used to verify the molecular 
mechanisms of puerarin on sarcopenia. Sarcopenia mouse 
model could be constructed, and the efficacy of puerarin 
in the treatment of sarcopenia can be evaluated by muscle 
mass, muscle strength, and body function. The tolerability 
of puerarin in the treatment of sarcopenia can be evaluated 
by the incidence of adverse reactions, such as nausea, vomit, 
allergic reactions, etc. The PI3K-Akt signaling pathway is 
one of the key pathways that regulate protein homeostasis, 
promoting protein synthesis and inhibiting protein 
degradation. In our study, AKT1 is the common target of 
puerarin and sarcopenia, and PI3K-Akt signaling pathway 
has the largest gene count in pathways related to sarcopenia 
from KEGG analysis. Therefore, we recommend that 
further studies focus on this pathway. We could explore the 
messenger ribonucleic acid (mRNA) and protein expressions 
of relevant genes and proteins using qPCR and western blot 
techniques, and functional experiments could be carried out 
through the activation or inhibition of Akt.

Conclusions

In this study, the possible use of puerarin in the treatment 
of sarcopenia was proposed, and the potential targets and 
mechanisms of action were explored through a network 
pharmacological approach. Our findings suggest that 
puerarin targets multiple proteins and subsequently initiates 
complex signal transduction regulating protein homeostasis, 
cell cycle and myocyte apoptosis, which in turn restrain 
the progression of sarcopenia and promote the prognosis 
of patients. Our findings provide a theoretical basis for 
drug development and pharmacological experiments for 
sarcopenia. Further in-vivo and in-vitro experiments need to 
be conducted to explore the protective effects of puerarin 
on sarcopenia.
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