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Abstract

Objective: This study aims to predict the effects of cinobufagin on human pterygium fibroblasts
(HPF) and identify its potential targets using network pharmacology, molecular docking, molec-
ular dynamics simulations, and cellular experiments. Methods: We utilized databases such as
Swiss Target Prediction, GeneCards, and OMIM to screen for targets associated with pterygium
and cinobufagin. A Venn diagram was created to illustrate the intersecting targets, and the
STRING database was employed to construct a protein-protein interaction network. Gene Ontol-
ogy (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were con-
ducted to explore the functions and pathways of key drug-disease targets. Molecular docking was
performed to assess the binding affinity of cinobufagin to these key targets, while molecular dy-
namics simulations were used to further analyze the structural stability and interactions of cino-
bufagin with the identified targets. Additionally, cell culture and reverse transcription quantita-
tive polymerase chain reaction (RT-qPCR) experiments were carried out to investigate the effects
of cinobufagin on HPF cell proliferation, apoptotic factors, and key targets. Results: A total of 36
common targets for cinobufagin and pterygium were identified, with core targets including mTOR
and MDM2. Enrichment analysis indicated that cinobufagin primarily acts on the PI3K/AKT sig-
naling pathway. Molecular docking studies demonstrated strong binding affinity of cinobufagin
to mTOR and MDM2. Molecular dynamics simulations further confirmed the structural stability
and interactions of cinobufagin with these targets. Results from the RT-qPCR experiments sug-
gested that cinobufagin could modulate the mRNA expression of related targets. Conclusion: The
combined approaches of network pharmacology, molecular docking, molecular dynamics simu-
lations, and RT-qPCR provide evidence that cinobufagin can inhibit HPF cell proliferation and the
expression of apoptosis-related factors. Its mechanism of action may be associated with targets
such as mTOR and MDM2.
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40 HPF 41 28 A0 B R 5 AR TR 23 55 A0 B 48 h J5 7% HE RNA R HGAF & DNase [ #4350 77 & Ut 15
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Table 1. Primer sequences

1. 51495
FI )2 A 44 P ERE SIS
P-actin
For: 5'-3' AACCGCGAGAAGATGACCCAG Rev: 5'-3' GGATAGCACAGCCTGGATAGCAA
PCNA
For: 5'-3' CGAGCACTGCCCAACAACAC Rev: 5'-3' TGGCGGGAGGTAGACTGACC
mTOR
For: 5'-3" ATGCTTGGAACCGGACCTG Rev: 5-3' TCTTGACTCATCTCTCGGAGTT
MDM2
For: 5'-3' GGCAGGGGAGAGTGATACAGA Rev: 5'-3' CAGCGGTAGGTGTCGAAGC
Bax
For: 5'-3' CGAACTGGACAGTAACATGGAGG Rev: 5'-3' CAGTTTGCTGGCAAAGTAGAAA
Bcl-2
For: 5'-3' GACTTCGCCGAGATGTCCAG Rev: 5'-3' GAACTCAAAGAAGGCCACAATCG
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Figure 1. Intersection targets between cinobufagin and pterygium
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Figure 2. Key targets of cinobufagin in the treatment of pterygium

E 2. tHERSERTRRE AR XRES

Table 2. Information related to the involved targets

2. PRESHAXER

A A Degree Closeness centrality Betweenness centrality
AKTI1 29 0.853659 0.109187
MTOR 28 0.813953 0.051011
BCL2 28 0.833333 0.084158

PIK3CA 28 0.813953 0.092162
MDM2 26 0.777778 0.024157
STAT3 24 0.744681 0.017257

MYC 23 0.714286 0.009657

IGFIR 23 0.729167 0.026688
MAPK1 22 0.714286 0.033546
KDR 22 0.714286 0.011483

£ Cytoscape B, K iifiide th IR HE A R8T, FFARGE BT IR AR ELAE R R R 4L,
RETERL T W] 3 Posit) “Heisikaidt - #00 - FURE A - 55107 M2 K.
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Figure 3. “Cinobufagin-Target-Pterygium-Signaling Pathway” network
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Figure 4. GO bubble chart
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Figure 5. KEGG bar classification chart
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Table 3. Molecular docking results of cinobufagin with key targets
3. HIERSE S XRESIEER

by MTOR IGFIR MAPKI BCL2 MDM2 STAT3 KDR PIK3CA AKTI MYC
i & fe/(kcalmol™)  —9.5 -9.1 -9.0 -8.7 -8.3 -83 7.8 -7.6 -68  —6.6

3

Re7 ILE-99

Cinobufagin - MTOR (PDB ID:4JSN) Binding Energy: -9.5 kcal/mol

Figure 6. Binding mode of cinobufagin with the core target protein
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Figure 7. Interaction of cinobufagin with mTOR and MDM2 complexes
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Figure 8. A: Free energy distribution plot of the protein-cinobufagin complex. B: Average binding free energy of the protein
with cinobufagin. The terms VDWAALS, EEL, EGB, ESURF, GGAS, GSOLV, and TOTAL represent van der Waals forces,
electrostatic energy, polar solvation energy, non-polar solvation energy, molecular mechanics energy, solvation energy, and
average binding free energy, respectively. C: Energy contributions of amino acid residues in the protein that are involved in
cinobufagin binding. D: Comparison of molecular dynamics simulation results with the structure of cinobufagin at five time
points. The molecular structures depicted in red, green, blue, yellow, and orange correspond to the cinobufagin small molecule
structures at 0, 25, 50, 75, and 100 ns, respectively
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Figure 9. Identification results of human pterygium fibroblast cells
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Figure 10. Effects of Cinobufagin on the Viability of Human Pterygium Fibroblast Cells (x £s ,n=3)
B 10. fEMERRES AT HPF 4RARIE NBIFIME(X £5,n=3)

DOI: 10.12677/hjo.2025.142011 84 MR L2


https://doi.org/10.12677/hjo.2025.142011

WO 4

3.8. LIEFREE ST PCNA. mTOR 1 MDM2 mRNA FX8HI$I{ER R E %I HPF 4AR185E A

A

ExHEAAAEL, 0.1 pmol L™ HEMERAFE FEAL A1) mTOR mRNA FikZ F LG T2 (P > 0.05).
SR, 7E 0.4 pmol- L~ FEIERR R L AL FEA4, PCNA. mTOR. MDM2 il BCI-2 mRNA {355 82 i,
[F]HF Bax mRNA 3R L3 FIHP <0.05). FRUFRATTHEM, A 1ok 2 56 ot 24 s 5 i) 400 ) 4 P vl g 5 6
%f mTOR HI MDM2 mRNA FiEH) N A LA 11).

2.5=- LIPS =3 (.2umol-L™’
£ = (.1umol-L™’ = 0.4umol-L™’ ¥
.g 2'0- Hekkke
o f
Q.
s 1.5-
<
g
E 1'0- ¥ ns *% g
o Hkkx -
IZ dkkk dekdkdk *kkk
15 - Kk ex
< 0.5
(1
0-0- ——

PCNA mTOR MDM2 Bcl-2 Bax

Figure 11. Cinobufagin downregulates the expression levels of PCNA, mTOR, MDM2, and Bcl-2 while upregulating the
expression of Bax (¥ £5,n=3)
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