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Abstract: Objective: To investigate the molecular mechanisms of Shenling Baizhu Powder with modifications in
treating obesity using network pharmacology and molecular dynamics approaches. Methods: Active components of
Shenling Baizhu Powder were identified from the TCMSP and BATMAN-TCM databases, and their target molecules
were predicted using Swiss Target Prediction and SEA; obesity-related targets were retrieved from GeneCards, CTD,
NCBI, and the GEO dataset GSE151839, with potential therapeutic targets identified through intersection analysis;
drug-component-target networks and protein-protein interaction (PPI) networks were constructed, followed by GO
and KEGG enrichment analyses; molecular docking was performed using Schrédinger, and molecular dynamics
simulations were conducted with GROMACS. Results: A total of 196 active components were screened, among which
73 were identified as potential targets for obesity. Key components included ent-Epicatechin, licorice glycoside E, and
dehydroglyasperins C, with PIK3R 1, PIK3CA, and SRC as critical targets. Enrichment analyses revealed involvement
in pathways such as insulin resistance, lipid metabolism, and atherosclerosis. Molecular docking demonstrated that
PIK3CA exhibited the lowest binding affinity with licorice glycoside E, and molecular dynamics simulations confirmed
optimal stability of this complex. Conclusion: The modified Shenling Baizhu Powder exerts multi-target, multi-
pathway effects in combating obesity, with core components including ent-Epicatechin, licorice glycoside E, and

dehydroglyasperins C, thereby providing a theoretical foundation for clinical applications.

Keywords: Obesity; Modified Shenling Baizhu Powder; Network pharmacology; Molecular dynamics

Online publication: October 23, 2026

195



1. Introduction

Obesity is a chronic metabolic disorder characterized by excessive accumulation and abnormal distribution
of fat in the body, influenced by multiple factors including genetics and environment ", It is a significant
predisposing factor for cardiovascular diseases, diabetes mellitus, polycystic ovary syndrome, and other
conditions . Western medicine commonly employs central weight-loss agents and lipase inhibitors,
though these may cause cardiovascular and gastrointestinal adverse reactions. Recent clinical studies have
demonstrated that traditional Chinese medicine exhibits significant efficacy in obesity treatment, particularly
compound formulations such as modified Shenling Baizhu Powder, which primarily focuses on strengthening
the spleen and eliminating dampness, offering unique advantages ""*. Traditional Chinese Medicine holds
that obesity primarily results from excessive consumption of greasy and sweet foods, prolonged sedentary
behavior with insufficient physical activity, and emotional disturbances leading to spleen deficiency with
impaired transportation and transformation functions, as well as the accumulation of dampness, turbidity,
phlegm, and stasis internally. Shenling Baizhu Powder, as a classical herbal formula, plays a significant role
in the treatment of obesity "*. However, the precise mechanisms underlying these modified formulations
remain unclear. This study integrates network pharmacology, molecular docking, and molecular dynamics to
systematically elucidate the target pathways and molecular mechanisms of modified Shenling Baizhu Powder
in treating obesity.

2. Materials and methods

2.1. Collection and screening of active chemical components from compound traditional
Chinese medicines and their corresponding predictive targets

From TCMSP the database (OB > 30%, DL > 0.18) was utilized to screen active components from Hyacinth
bean, Atractylodes macrocephala, Poria cocos, Glycyrrhiza uralensis, Cinnamon Twig, Platycodon
grandiflorus, Lotus Seed, Ginseng, Amomum villosum, Dioscorea opposita, Coix seed, Alisma orientale, and
Polyporus umbellatus; the composition of Lotus Seed was obtained from BATMAN-TCM ", Swiss Target
Prediction was employed for analysis . (Species “Homo sapiens”, probability > 0) and the SEA database
predict target .

2.2. Identification of obesity-related therapeutic targets

Search CTD, GeneCards, and NCBI using the term “obesity” . The databases yielded 5,000,2,194, and
5,000 genes respectively; the GEO2R software was employed to analyze the GSE151839 dataset . A total of
3,564 differentially expressed genes were identified. The intersection of these four datasets was obtained and
standardized using UniProt to identify obesity-related targets.

2.3. Construction of venn diagrams and the “active compound-disease target” regulatory

network
Using the MicroBioinformatics Platform Construct a Venn diagram comparing drug targets and disease
targets, with the intersection representing potential therapeutic targets "'”. Use Cytoscape 3.7.2 for analysis "'

Establish a “drug-active ingredient-target” network.
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2.4. Construction of protein interaction networks and screening of key targets

Import the intersection targets into STRING (with a maximum confidence score of 0.9), construct a protein-
protein interaction (PPI) network, and use the Degree algorithm via the CytoNCA plugin in Cytoscape to
identify key targets.

2.5. Analysis of GO functions and KEGG pathway enrichment
Using Metascape, we performed GO (binding proteins, cellular components, molecular functions) and
KEGG pathway enrichment analyses on potential targets, ranked the results by LogP values, selected the top

20 entries, and visualized them using MicroBioinformatics.

2.6. Molecular docking validation

Select the top three targets by degree in the PPI network and perform docking with all 196 active compounds.
Obtain ligand structures (in MOL2 format) from TCMSP and target protein structures (in PDB format) from
PDB. Perform molecular docking using Schrodinger and Maestro, generate a heat map based on the top five
results with the lowest binding energy, and visualize the optimal binding mode with Pymol.

2.7. Molecular dynamics simulations were conducted for validation.

Molecular dynamics simulations were performed using GROMACS on the three complexes with the lowest
binding energies '"*. Using a total simulation duration of 100 ns with the Amber14SB force field, GAFF2
density functional force field, and TIP3P water model, energy minimization was performed via the steepest
descent method (Fmax <1000 kJ-mol™'-nm™). The system was equilibrated under both NVT and NPT
ensembles at 298 K, 1.0 bar, for 100 ps, followed by simulations with a time step of 2 fs, with trajectories
saved every 10 ps. Analysis parameters included RMSD, RMSF, RG, and Buried SASA.

3. Results
3.1. Active components and their corresponding target sites

A total of 196 active ingredients were identified, among which 9 were common components. Target
prediction identified 1,096 corresponding targets. Through intersection analysis across four databases, 244
disease-related targets and 73 shared targets with drug targets were obtained (Figure 1).

A Drug B

Figure 1. Venn diagram of disease targets (A) and venn diagram of drug active ingredient targets and disease targets (B).
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3.2. Construction of a “Drug—Active Ingredient-Target” network

The “Drug-Active Ingredient-Target” network comprises 474 nodes and 475 edges (Figure 2). The PPI
network (154 nodes, 1,387 edges) (Figure 3) was filtered using the Degree criterion, retaining 13 nodes, 66
edges, and 13 key targets ranked by Degree value (Figure 4).
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Figure 2. Network diagram of the modified Shenling Baizhu Powder as a traditional Chinese medicine formulation for
obesity intervention (the purple circle in the center represents targets corresponding to active ingredients; the outer green
circles denote individual active ingredients; the red circles indicate drug components; and the blue circles represent
shared active ingredients among the drugs).
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Figure 3. Modified Shenling Baizhu Powder for intervening in obesity: PPI network diagram.
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Figure 4. Bar chart of 13 key target genes.

3.3. Enrichment analysis

The GO analysis identified 3,703 pathways (primarily involving lipid metabolism regulation, cellular
responses to hormonal stimuli, and growth regulation), 299 CC pathways (including membrane rafts, early
endosomes, and vacuolar cavities), and 627 MF pathways (covering nuclear receptor activity, ligand-
mediated regulation of transcription factor activity, and transcription factor binding). KEGG enrichment
revealed 237 biological pathways, with the top 17 primarily related to insulin resistance, lipid metabolism
and atherosclerosis, and the insulin signaling pathway (Figure 5 and Figure 6).
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Figure 5. GO MF, GO BP, GO CC bubble charts.
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Figure 6. KEGG bubble charts.

3.4. Molecular docking validation results

Three targets (PIK3R1, PIK3CA, and SRC) were docked with 196 compounds, all exhibiting binding
energies < -4.514 kcal/mol. The complexes with the lowest binding energies were: PIK3R1 with ent-
Epicatechin (-5.708 kcal/mol, forming 4 hydrogen bonds); PIK3CA with licorice glycoside E (-7.124 kcal/
mol, forming 7 hydrogen bonds); and SRC with dehydroglyasperins C (-6.166 kcal/mol, forming 3 hydrogen
bonds and 1 Pi—Pi bond). The top 15 compounds by binding energy are listed in Figure 7-9.

£

PIK3R1 PIK3CA SRC

Figure 7. The molecular docking results are displayed in 3D
(A:PIK3R1 with ent-Epicatechin, B:PIK3CA with licorice glycoside E, C:SRC with dehydroglyasperins C).

Figure 8. The three results with the lowest molecular docking binding energy
Vimentin: Purple arrows indicate hydrogen bonds; red line segments represent Pi-Cat bonds; and green curves represent
Pi-Pi bonds.

200 Volume 10, Issue 9



MOLO004860 -
MOLO000492 -
MOL000020 -

MOLO000500 -

... o

(=}

MOLO004882 -
MOLO000073 -
MOLO004917 -
MOL002311 -
MOLO004863 -
MOL005020 -
MOL004990 -

MOLO004866 -

Figure 9. Thermal map of molecular docking and binding energy.

3.5. Molecular dynamics simulations
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During the 100 ns simulation, the RMSD of the PIK3CA complex stabilized after 15 ns at an average value of
0.4076 nm; that of the PIK3R1 complex was 0.2400 nm on average, and that of the SRC complex was 0.2359 nm.
RMSF analysis revealed relatively stable residue fluctuations in the PIK3CA complex, with residues such as LYS-
54, ASN-56, and GLN-63 exhibiting relatively active states. Both RG and Buried SASA analyses indicated a more
compact structure and tighter binding in the PIK3CA complex (Figure 10-13).
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Figure 10. RMSD analysis of complex systems.
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4. Discussion

Obesity is closely associated with type 2 diabetes mellitus, hypertension, coronary heart disease, and other
conditions. Data from the World Health Organization (WHO) indicate that the global prevalence rate
continues to rise !""!. Traditional Chinese Medicine holds that the pathogenesis of obesity involves spleen
deficiency leading to impaired transportation, internal obstruction by phlegm-dampness, and stagnation in
the middle energizer "'*. Shenling Baizhu Powder is derived from the “Taiping Huimin Heji Jufang” and
consists of ginseng, poria cocos, white atractylodes rhizome, hyacinth bean, Chinese yam, licorice root, lotus
seed, amomum villosum, coix seed, and platycodon root "*!. It strengthens the spleen and replenishes Qi,
while eliminating dampness to relieve diarrhea. The formula is supplemented with Alisma plantago-aquatica
and Polyporus umbellatus to promote diuresis and resolve dampness, and Cinnamon Twig (Cinnamomum
cassia) to warm yang and transform Qi, collectively achieving the therapeutic effect of “strengthening earth
to generate metal !>,

Pharmacological analysis revealed that the active components of the modified Shenling Baizhu Powder
for treating obesity include Dehydroglyasperin C, glycyroside, Licoisoflavone B, among others. These core
active constituents primarily derive from Atractylodes macrocephala, Cinnamomum cassia, and Glycyrrhiza
uralensis, highlighting their significance. Existing studies have demonstrated that Glycyrrhiza extract
exhibits potent inhibitory effects on subcutaneous fat in sheep and significantly downregulates enzyme
activity in lipid synthesis pathways "". Clinically, the development of obesity is attributed to multiple factors;
therefore, it is recommended to tailor treatment regimens based on fundamental theories of Traditional
Chinese Medicine and combine them with other herbal medicines to enhance efficacy and reduce side effects,
thereby maximizing the therapeutic potential of Atractylodes macrocephala, Cinnamon Twig Branch, and
Licorice Root rather than using them alone. Dehydroglyasperin C, as an isoflavone, exhibits antioxidant,
neuroprotective, cancer chemopreventive, and anti-inflammatory properties, and serves as an effective inducer
of both NAD(P)H: oxidoreductase (NQO1) and phase 2 enzymes. Within adipocytes, Dehydroglyasperin
C enhances NQOI1 activity, mitigating oxidative stress responses and inflammatory damage in adipocytes
U718 Fyrthermore, studies have reported that isoflavones can improve insulin sensitivity, lipid levels, and fat
metabolism, primarily by regulating four signaling pathways: miRNAs, AMPK, MCE, and neuroregulation
1" As a flavonoid component of licorice, glycyroside exhibits antibacterial, anti-inflammatory, antioxidant,
and anti-atherosclerotic effects. Existing studies have demonstrated that glycyroside significantly reduces
body weight in obese rats, suppresses insulin resistance, and attenuates oxidative stress responses induced
by obesity *”. Among the key targets, PIK3 serves as a core component of the PI3K-Akt signaling pathway.
It is primarily composed of two subunits: p110 and p85, with PIK3CA encoding the catalytic subunit p110a
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and PIK3R1 encoding the regulatory subunit p85a. As a critical downstream effector of the insulin receptor,
PIK3 facilitates the translocation of the glucose transporter GLUT4 to the cell membrane; proper functioning
of this pathway is essential for maintaining systemic insulin sensitivity. Studies have shown that while
mutations in the PIK3R1 gene still enable stable p110 subunit formation, they impair its ability to inhibit
pl110 enzyme activity, thereby enhancing PI3K activity and promoting cellular malignant transformation
P As the catalytic subunit of PIK3, dysfunction of PIK3CA leads to inhibition of the PIK3/AKT signaling
pathway, resulting in disturbances in lipid and glucose metabolism **\. As a coactivator of the P160 family
and a key regulatory factor in maintaining systemic energy homeostasis, SRC regulates the expression of
numerous critical metabolic enzymes. There are three main types of SRC: SRC-1 collaboratively activates
CEBPa, promoting transcription of key enzymes in the gluconeogenesis pathway; SRC-2 not only enhances
insulin sensitivity, stimulates fat breakdown, and reduces fat uptake, but also activates NR1H4 to promote
ABCBI1 expression, thereby maintaining systemic energy homeostasis; SRC-3 is involved not only in white
adipocyte regulation but also in modulating SLC25A20 expression **'. This indicates that PIK3R 1, PIK3CA,
and SRC are all closely associated with the onset and progression of obesity.

It is worth noting that numerous research reports have consistently demonstrated the importance of
drug compatibility, as exemplified by Hu Fang et al. studies have shown that “licorice” can be combined
with “angelica” and “white peony root” to promote Qi circulation, activate blood flow, and resolve stasis;
“white atractylodes” possesses the effects of strengthening the spleen, replenishing Qi, drying dampness,
and promoting diuresis; it can also be paired with “poria” and “alisma” to enhance spleen function, eliminate
dampness, and facilitate urination **. This is consistent with the pathogenesis of obesity characterized

by “deficiency at the root and excess at the surface ***’

”. This approach can effectively target obesity.
Additionally, both Poria cocos and Polyporus umbellatus contain the common active component cerevisterol.
Studies have demonstrated that Poria cocos and Polyporus umbellatus can significantly improve obesity
in rats **. The ginsenoside Rc present in ginseng can upregulate SIRT6 expression, inhibit H3K9ac and
H3K56ac acetylation, and enhance the activity of AMPK, PGC-1a, and PPARa, thereby ameliorating
dyslipidemia 7.

The study identified that the target genes affected by the active components of modified Shenling
Baizhu Powder align with those previously reported as associated with obesity development, demonstrating
its multi-target and multi-pathway therapeutic mechanism. Analysis of the protein-protein interaction (PPI)
network revealed that all 13 selected key target genes participate in these metabolic pathways. Molecular
docking results confirmed strong binding affinities between all active components of the formula and the
top three core target genes. To validate network pharmacological findings, molecular docking and molecular
dynamics simulations were conducted to assess binding stability between core components and targets. The
top three complexes based on binding affinity exhibited optimal stability and structural integrity, particularly
the complex formed between PIK3CA and licorice glycoside E, which showed the highest binding affinity
and compact structure as evidenced by RMSD, RMSF, RG, and SASA analyses. Comprehensive validation
using multiple methodologies demonstrated consistent findings across both static and dynamic molecular
levels, confirming that the active components of modified Shenling Baizhu Powder play a pivotal role in
obesity intervention. The potential mechanisms of Shenling Baizhu Powder with modified formula in treating

obesity.
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5. Conclusion

Network pharmacology and molecular dynamics analyses revealed that Modified Shenling Baizhu Powder
treats obesity through multi-component, multi-target, and multi-pathway mechanisms. Ent-Epicatechin,
licorice glycoside E, and dehydroglyasperin C were identified as core active components, acting primarily on
PIK3R1, PIK3CA, and SRC. These targets are mainly enriched in insulin resistance, lipid metabolism, and
the PI3K-Akt signaling pathway. Molecular docking and dynamics simulations confirmed stable binding,
particularly between PIK3CA and licorice glycoside E. These findings provide a theoretical foundation for
the clinical application of Modified Shenling Baizhu Powder in obesity treatment.
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