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Abstract This paper aims to screen small molecule inhibitors 1,2,3,4,6-penta-O-galloyl-beta-D-

glucose (PGG) targeting vascular endothelial growth factor A (VEGFA) through structure based

virtual screening and molecular dynamics simulation, and verify the effect of anti gastric cancer.

First, Based on Traditional Chinese Medicine Systems Pharmacology Database and Analysis

Platform, the candidate small-molecule compounds targeting VEGFA were screened by a molecular

docking method using Computer-Aided Drug Design. Second, CCK8 was used to determine the

effect of three commercially available candidate drugs on the proliferation activity of HGC27

and AGS. PGG was selected for further cell cloning, invasion, migration and apoptosis experi-

ments. Finally, the complex system of three compounds and VEGFA was analyzed by molecular

dynamics simulation.

According to the ranking of the scoring function, the selected small molecular compounds are

PGG, 2,3,4,6-tetra-O-galactosyl-D-glucopyranoside, rutin, quercetin-5,3-d-galactoside and 1F-

Fructofuranosylnystose (1FF). CCK8 showed that PGG had the best inhibitory effect on the pro-

liferation of AGS and HGC27 cells, and it was concentration and time dependent. Treatment of

AGS and HGC27 with IC50 PGG can significantly inhibit the cloning of HGC27 and AGS, block

their invasion and migration, and induce their apoptosis. Molecular dynamics simulation
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experiments showed that the binding of PGG to VEGFA target protein was better than that of

other two small molecular compounds, which was consistent with the results of molecular docking

and biological activity experiments.

� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Gastric cancer is the fourth most common cancer globally [1].
China has the highest incidence rate of gastric cancer in the
world, accounting for 7.7% of all cancer deaths [2]. Che-
motherapy plays a leading role in the management of

advanced gastric cancer [3]. Because Chinese herbal medicine
has many targets and poses less of a threat to normal cells, it
has unique advantages in alleviating tumours, reducing

adverse reactions of chemotherapy, improving quality of life,
prolonging survival time, etc [4]. Therefore, it is significant to
identify relevant traditional Chinese medicine components

with anti-tumour effects for high-efficiency targeting [5].
Vascular endothelial growth factor A (VEGFA) can pro-

mote angiogenesis, increase vascular permeability and extracel-
lular matrix degeneration [6], so it plays an important role in

inducing vascular proliferation and supporting tumor growth
and metastasis. Targeting VEGFA against angiogenesis has
been recognized as one of the most promising methods for clin-

ical tumour treatment [7,8,9].
Based on Traditional Chinese Medicine Systems Pharma-

cology Database and Analysis Platform (TCMSP), this study

used the molecular docking method of Computer-Aided Drug
Design (CADD) to screen small molecule candidate compound
1,2,3,4,6-penta-O-galacyl- b- D-glucose (PGG) (Fig. 1) target-

ing VEGFA. In recent years, multiple studies have shown that
PGG has great potential in the fight against cancer [10]. For
example, PGG has cytoprotection on oxidative damage of
human hepatoma cells [11]. In addition, PGG has anti prolif-

erative and anti metastatic effects on colorectal cancer [12].
This study aims to reveal that CADD has certain theoretical
guidance significance for screening small molecule compounds

targeting VEGFA, such as PGG, and to clarify the role of
PGG in gastric cancer.
Fig. 1 Chemical structural of 1,2,3,4,6-penta-o-galloyl-b-d-
glucose.
2. Materials and methods

2.1. Reagents

PGG, rutin and 1F- Fructofuranoside (1FF) were purchased
from Nantong Feiyu Biotechnology Co., Ltd. Jiangsu Pro-

vince, China. Human gastric cancer cell lines AGS and
HGC27 were provided by Zhejiang Meisen Cell Technology
Co., Ltd. Dulbecco’s Modified Eagle Medium/Nutrient
Mixture F-12 (DMEM) and foetal bovine serum (FBS) was

purchased from Gibco. A CCK8 kit (No. C0037), Annexin
V-FITC (No. C1062S) apoptosis detection kit and Crystal vio-
let dye solution (No. C0121-100 Ml) was purchased from Bey-

otime. Trypsin (No. T1300), Matrigel (No. 356234), and
bovine serum albumin (BSA, No. pc0001) were purchased
from Beijing sulaibao Technology Co., Ltd China. Penicillin

Streptomycin Solution (No. SV30010) was purchased from
Hyclone.
2.2. VEGFA protein pre-treatment

The VEGFA protein structure was downloaded from the Pro-
tein Data Bank database and the protein code (3QTK) was

saved in Protein Data Bank format. First, the Protein Prep
module of Schrödinger software was used to complete the side
chain, protonation, dehydration, hydrogenation, and other

treatments of the missing residues of the protein. Under the
condition of the OPLS2005 force field, the ligand position in
3QTK was designated as the docking site of small molecules
within the pH range (pH = 7.0 ± 2.0). The Receiver Grid

Generation module was used to generate the lattice file
required for virtual screening by using the default program
parameters for the crystal structure, producing small molecules

with multiple conformations.

2.3. Virtual screening based on molecular docking

Virtual screening was carried out using the virtual screening
workflow in the Maestro module of Schrödinger software
[13]. First, the Qik Prop module was used to preliminarily

screen small-molecular compounds. Any that did not have
drug-forming physical and chemical properties according to
Lipinski rules were filtered and eliminated, and only those that
met the drug-like rules were retained. After that, Glide [14] was

used for step-by-step screening, in which high-throughput vir-
tual screening retained the top 10% compounds, standard pre-
cision retained the top 10% compounds, and additional

precision retained the top 10% compounds [15].

2.4. Cell culture

AGS and HGC27 cells were cultured in a medium supple-
mented with 10% FBS and incubated at 37℃ in a 5% CO2

http://creativecommons.org/licenses/by-nc-nd/4.0/
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incubator. When the cells grew to the logarithmic growth
stage, they were digested and collected for subsequent
experiments.

2.5. CCK8 assay

Cell suspensions (5 � 105 cells/well) were inoculated in a 96-

well plate. PGG was added for 48 h after the cells completely
adhered to the walls. To conduct the CCK8 experiment, differ-
ent concentrations (0 lmol/L, 20 lmol/L, 30 lmol/L and

40 lmol/L) of PGG were added to the AGS and HGC27 cells
for 12 h, 24 h, 36 h, 48 h, and 60 h respectively. Ten microlitres
of solution was added to each hole in the CCK8 solution and

incubated for 2 h. The microplate reader was used to measure
the absorbance (OD) at 450 nm, and the cell inhibition rate of
different treatment groups was calculated. The following for-
mula was used: Inhibition rate = [1-(experimental group

OD-blank group OD)/ (control group OD-blank group
OD)] � 100%.

2.6. Annexin V and propidium iodide (PI) staining

Cells in each group were digested with 0.25% trypsin without
Ethylene Diamine Tetraacetic Acid, collected after termina-

tion of digestion, and centrifuged at 1500 rpm for 5 min.
The supernatant was discarded and the cells were collected.
The cells were then resuspended with twice pre-cooled PBS,
centrifuged at 1500 rpm for 5 min and washed. Three-

hundred microlitres of binding buffer was used to suspend
the cells. Annexin V-FITC labelling was performed by mixing
5 mL of Annexin V-FITC while avoiding light, and incubating

the cells at room temperature for 15 min. propidiumiodide
labeling was performed by adding 10 mL of propidiumiodide
stain, gently mixing the cells, and incubating them at room

temperature under dark conditions for 10 min. Flow cytome-
try was then used for detection and cell quest software was
used for analysis.

2.7. Cell colony formation test

HGC27 and AGS gastric cancer cells were treated with IC50

PGG for 48 h. Cells from each group in the logarithmic growth

period were taken to prepare the cell suspension. The cells
from each group were then spread into six-well plates with
200 cells/well and then stained with crystal violet after two

weeks. Photos were taken under a microscope and the forma-
tion of clones was observed.

2.8. Scratch healing test

After the treatment of HGC27 and AGS gastric cancer
cells with IC50 PGG for 48 h, the cells in each group were

digested with trypsin and counted, spread into six-well
plates with 5 � 105 cells/well, and covered overnight. The
cells were washed with PBS three times, the delimited cells
were discarded, and the serum-free medium was added. The

cells were cultivated at 37℃ in a 5% CO2 incubator. Pho-
tos were taken to record the scratch healing at 0 h and
48 h.
2.9. Transwell test

Dilute the cell suspension with DMEM basic medium to
1 � 105/Ml. 600 lL of DMEM complete medium containing
20% FBS was added to the matching 24-well plate, placing

the chamber into the holes carefully to avoid bubbles. Two-
hundred microlitres of fully mixed cell suspension was added
to the chamber, and the cells were placed in the incubator
for 24 h. The cells were washed with PBS and fixed with 4%

anhydrous methanol for 30 min, dyed with crystal violet for
20 min, and rinsed with PBS to remove the excess dye. The
cells inside the chamber were then wiped with cotton swabs.

Nine visual fields were randomly selected to observe the cells
and take photos. Image J software was used to calculate the
number of cells and sort the results, and Graphad software

was used to draw pictures.

2.10. Molecular dynamics simulation

Molecular dynamics simulation of the PGG-VEGFA complex
was carried out using the Amber18 software package. Proteins
use the ff99SB force field parameters [16], small-molecule
ligands use the gaff general force field parameters, and the

antechamber module [17] was used to fit the electrostatic
potential to get the partial charge of the atom. The protein
small-molecule complex was loaded into the tleap module

[18] and hydrogen atoms and antagonistic ions were automat-
ically added to neutralize the charge. The TIP3P dominant
water model [19] was selected and periodic boundary condi-

tions were set. The workflow of the molecular dynamics simu-
lation included four steps: energy minimization, heating,
equilibrium, and production dynamics simulation [20]. First,
the heavy atoms of proteins (and small molecules) were con-

strained, and 5000 steps (including 2500 steps of the steepest
descent method combined with 2500 steps of the conjugate
gradient method) energy minimization was performed on the

water molecules and protein side chains. Then, the system
was slowly heated to 310 K within 100 ps. During the heating
process, the simple harmonic force of 5.0 kcal/(mol�Å2) was

used to limit the protein. Langevin thermostatic controller
with a coupling coefficient of 2.0 ps�1 was used to control
the temperature. After heating, the study system was balanced

six times under the NPT ensemble, and the limiting forces of
the system were 5.0, 2.0, 1.0, 0.5, 0.1 and 0 kcal/(mol�Å2),
respectively. Among these, the simulation duration of the first
five times was 100 ps, and 500 ps for the sixth time, with a total

balance of 1 ns. Finally, a 250-ns molecular dynamics simula-
tion of the system was carried out under the NPT ensemble.
The time step was set to 2 fs. In the process of simulation,

the SHAKE algorithm [21] was used to limit the bond length
containing hydrogen atoms. The particle mesh Ewald method
was used to deal with long-range electrostatic interactions, and

the non-bond truncation distance was set to 10 Å. The
MMPBSA.py script was used to calculate the contribution of
ligand and protein.

2.11. Data Analysis

All data are presented as the mean ± SD. One-way ANOVA
was used to compare the differences between the groups. All
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statistical analyses were completed by Grahpad7.0 software.
Statistical differences between the groups was set at p < 0.05.

3. Results

3.1. Analysis of molecular docking results

The optimized VEGFA protein kinase structure was used in
the Traditional Chinese Medicine Systems Pharmacology
Fig. 2 Effects of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose on prolifera

(5 � 105 cells/well) were treated with 1,2,3,4,6-penta-O-galloyl-beta-D-

CCK8 assay. (B) The gastric cancer cells (5 � 105 cells/well) were treat

intervals (12, 24, 36, 48, 60 h).

Table 1 Docking scoring function of VEGFA and five candidate com

Database and Analysis Platform.

Database small moleculecompounds Do

T 2,3,4,6-tetra-o-galloyl-d-glucopyranoside �1

C 1,2,3,4,6-penta-O-galloyl-beta-D-glucose �1

M Quercetin-5,3-di-galactoside �1

S rutin �1

P 1F-Fructofuranosylnystose �1
Database and Analysis Platform for virtual screening through
molecular docking. When selecting compounds, we mainly
referred to the ranking of the docking score and glide score,

comprehensively considering the binding mode and character-
istics of the ligand and receptor protein, relative molecular
weight, molecular surface area, lipid water partition coeffi-

cient, compound skeleton structure, and other factors. The five
compounds screened were PGG, rutin, 1FF, 2,3,4,6-tetra-o-gal
loyl-d-glucopyranoside, and Quercetin-5,3-di-D-galactoside.
tion in AGS and HGC27 gastric cancer cells (A). gastric cancer cells

glucose (0, 20, 30, 40 lmol/L), then cell viability was measured by

ed with PGG (30.19 lmol/L and 38.87 lmol/L) for indicated time

pounds in Traditional Chinese Medicine Systems Pharmacology

cking scoring function with VEGFA source

2.132 Ampelopsis japonica

3.327 Ampelopsis japonica

2.491 Polydatin

2.134 Hedyotis diffusa

1.999 Morinda



Fig. 3 gastric cancer cells (200 cells/well) were treated with IC50 1,2,3,4,6-penta-O-galloyl-beta-D-glucose for 48 h.

Fig. 4 Effects of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose on apoptotic cell death in gastric cancer cells. IC50 1,2,3,4,6-penta-O-galloyl-

beta-D-glucose treated cells were incubated with Annexin V-FITC and PI for 15 min. Apoptosis was measured by flow cytometric

analysis. All experiments were performed independently at least three times and representative data has been shown.
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The greater the absolute value of the docking score with

VEGFA, the better the binding effect. PGG scored the highest,
at �13.327 (Table 1).

3.2. PGG reduced the viability of gastric cancer cell lines

The viability results of AGS and HGC27 cells treated with
PGG detected by CCK8 are shown in Figs. 2 and 3. Compared
with the 0 lmol/L group, the cell viability of the other groups

decreased in a dose-dependent manner. The IC50 value of the
AGS cells treated with PGG was 30.19 lmol/L and that of
the HGC27 cells was 38.87 lmol/L (Fig. 2A).

Compared with the 12 h group, there was no significant dif-
ference in cell viability at 24 h; however, the cell viability
decreased significantly at 36 h, 48 h, and 60 h. The longer
the duration, the more obvious the decline in cell viability



Fig. 5 Effects of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose on migration of gastric cancer cells The gastric cancer cells (5 � 105 cells/well)

were treated with IC50 PGG for 48 h, and the area enclosed by two black lines represents the measured scratch area.

Fig. 6 Effects of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose on invasion of gastric cancer cells The gastric cancer cells (1 � 106 cells/well)

were treated with IC50 PGG for 48 h.
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Fig. 7 (A) RMSD of protein skeleton atoms(Ca, N, O, C) (B)

RMSF of protein residues Ca.
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(Fig. 2B). We selected IC50 PGG treat AGS and HGC27 cells
for 48 h for follow-up experiments.

3.3. PGG can reduces the cloning of gastric cancer cell lines

The cloning results of AGS and HGC27 cells treated with IC50

PGG for 48 h are shown in Fig. 3. Compared with control
group, the number of cell clones in the PGG group decreased
significantly.

3.4. PGG stimulated the apoptotic cell death in gastric cancer

cell lines

The apoptotic results of AGS and HGC27 cells treated with
IC50 PGG for 48 h were detected by flow cytometry, as shown
in Fig. 4. Compared with the control group, the apoptotic rate
of the PGG group was significantly higher (Fig. 4).

3.5. PGG can prevents gastric cancer cell lines migration

The migration ability of AGS and HGC27 cells treated with

IC50 PGG for 48 h was tested by the scratch healing test. Com-
pared with control group, the cell migration ability of the PGG
group decreased significantly (Fig. 5).
Table 2 Contribution of 1,2,3,4,6-penta-o-galloyl-beta-d-glucose-ve

Complex Contribution

DEle

VEGFA-1,2,3,4,6-penta-O-galloyl-beta-D-glucose �43.9479
3.6. PGG can blocks gastric cancer cell lines from invading

The invasion ability of AGS and HGC27 cells treated with
IC50 PGG for 48 h was detected by the Transwell experiment.
Compared with the control group, the invasion ability of the

PGG group decreased significantly (Fig. 6).

3.7. Analysis of molecular dynamics simulation

In order to monitor whether the simulation system reaches

equilibrium, we calculated the root mean square deviation
(RMSD) of the protein skeleton atoms (Ca, N, O, C).
Fig. 7A shows the RMSD as a function of simulation time.

Fig. 7B shows that the PGG-VEGFA complex system con-
verges from about 150 ns and tends to be stable.

In order to study PGG small molecules acting on receptor

proteins, we calculated the contribution between PGG small
molecules and protein receptors using the MM/GBSA method
(Table 2). The contribution of PGG small molecules to protein

receptors is �48.3825 kcal/mol, which proves that PGG small
molecules can bind to protein receptors. Van der Waals effects
and electrostatic interactions are conducive to the binding of
PGG small molecules to protein receptors, with the former

interactions slightly more dominant.
In order to identify the important residues of PGG small

molecules interacting with protein receptors, we performed

residue energy decomposition (Fig. 8A). Residues with an
energy contribution of more than 1.5 kcal/mol were considered
effective. It can be seen that A-chain ASP27 and ILE39, D-

chain LYS100, and F-chain VAL8, LYS9, PHE10, ARG98,
PRO99, and LYS101 all provide higher energy contributions,
with residues in the F chain contributing more than residues
in the A and D-chains, indicating that residues in the F-

chain play a greater role in the binding of PGG to protein
receptors.

Although van der Waals forces provide the main energy

contribution to binding, hydrogen bond interactions between
proteins and ligands are also very important for the study of
the binding mechanism. Therefore, we also monitored the

hydrogen bond interaction between small-molecule ligands
and proteins in the complex system during the 250 ns simula-
tion process (Fig. 9). We set the hydrogen bond standard as the

distance between the hydrogen bond donor atom (D) and the
hydrogen bond acceptor atom (A) < 3.0 Å and the bond angle
A. . .H-D greater than 120.0�; as long as these standards were
met, the small-molecule ligands in the complex system were

forming hydrogen bond interactions with proteins. In Fig. 9,
the hydrogen bonds formed between small molecules and F-
chain PRO99 residues account for more than 80%, indicating

that these hydrogen bond interactions are very important for
the inhibitory activity of the compounds (see Fig. 10).

In order to intuitively show the interaction between PGG

small molecules and proteins, we analyzed the free energy
gfa.

DEvdw DEgb DEsurf DGbind

�68.4391 76.0750 �12.0705 �48.3825



Fig. 8 A Decomposition diagram of binding free energy residues

of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose-VEGFA.

Fig. 9 Hydrogen bond occupancy of 1,2,3,4,6-penta-O-galloyl-

beta-D-glucose-VEGFA.

Fig. 10 Binding free energy hydrazine diagram of 1,2,3,4,6-

penta-O-galloyl-beta-D-glucose-VEGFA.
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hydrazine diagram of the trajectory, and extracted low-energy
conformations to show the interaction between small mole-

cules and proteins (Fig. 11).
Finally, we analyzed the conformation of PGG at the active

site of VEGFA. As shown in Fig. 11, the structure of small
molecule PGG can be seen as the side chain containing ben-
zene ring inserted into the protein pocket with the epoxy six-
membered ring as the center, and closely combined with the

target protein. Although it is different from the ‘‘T” type
inserted into the protein pocket in the initial virtual screening,
in the simulation process, we analyze that PGG is combined by

a more compact multiple side chains inserted into the pocket at
the same time, and the small molecule is connected by the A
chain ILE39, D chain CYS53 Surrounded by hydrophobic

amino acids such as CYS54 and F chain VAL7, each side chain
of the small molecule can combine with the protein to achieve
a stable binding state. At the same time, the small molecule
and A chain ASP27, F chain ASP56, PRO99, LYS101 form

hydrogen bond interaction.

4. Discussions

Traditional Chinese medicine has a wide range of sources, rich
chemical components, and reduced adverse reactions, and is
easily accepted by the human body, which explains why it

has attracted increasing attention from researchers both locally
and globally [22]. Currently, the screening and exploration of
new small-molecule therapeutic drugs from traditional Chinese

medicine for disease targets has become a hot topic of research
[23].

PGG is a natural polyphenolic compound, derived from

multiple medicinal plants, including Ampelopsis japonica, Sch-
inus terebinthifolius, Rhus chinensis Mill., Paeonia lactiflora
Pall., etc [24]. PGG reportedly possesses various biological
and pharmacologic activities, including anti-cancer, anti-

oxidative, anti-inflammatory, anti-coagulation, anti-
angiogenesis, radio-protective, and neuroprotective properties
[25]. Presently, there is no research on the application of

PGG in the treatment of gastric cancer, neither locally, nor
abroad.

In this study, the Glide docking-based virtual screening and

kinase inhibition assay were conducted to preliminary screen
five VEGFA inhibitors from the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform data-

base. We calculated the docking scoring function of these
small-molecule candidate compounds with VEGFA and
PGG scored the highest. We tested the CCK8 activity of three
candidate compounds available on the market to verify

whether they have a inhibitory effect on gastric cancer. The
IC50 value of AGS cells treated with PGG was 30.19 lmol/
L, and that of the HGC27 cells was 38.87 lmol/L. Compara-

tively, the IC50 value of rutin-treated AGS cells was
280.5 lmol/L and that of HGC27 cells was 300.5 lmol/L.
Even when 1F-Fructofuranosylnystose was administered at

high doses (320 lmol/L), it still had no obvious effect, so it
was considered to have little significance in the inhibition of
the activity of gastric cancer cells. The results showed that
PGG had the strongest inhibitory effect on the activity of gas-

tric cancer cells compared to the other two small-molecular
compounds, which was consistent with the molecular docking
results.

Using different concentrations of PGG to treat AGS and
HGC27 gastric cancer cells at different times found that each
concentration of PGG can inhibit cell proliferation in a

dose-dependent manner. In addition, the treatment of gastric
cancer cells with IC50 PGG for 48 h could prevent the



Fig. 11 The conformation of 1,2,3,4,6-penta-O-galloyl-beta-D-glucose at the active site of VEGFA (gray represents protein A-chain,

purple represents protein D-chain, orange represents protein F-chain; green represents small molecules; yellow dotted line represents

hydrogen bondinteraction).
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formation of cell clones and induce cell apoptosis. The migra-
tion and invasion of gastric cancer cells is an important reason

for the proliferation and recurrence of gastric cancer. The
scratch healing and transwell test showed that the treatment
of gastric cancer cells with IC50 PGG for 48 h reduced their

migration. Therefore, PGG can inhibit the invasion of cancer
cells and reduce the recurrence and proliferation of cancer.
This study showed that there was almost no significant differ-

ence in all phenotypic results of AGS and HGC27 with IC50

PGG treatment for 48 h, but several phenotypes, such as
migration, were slightly more obvious in AGS than in

HGC27; however, there was no statistical difference
(p greater than 0.05).

Finally, we used conventional molecular dynamics simula-
tion to explore the interaction mechanism between the PGG,

rutin, 1F-Fructofuranosylnystose and VEGFA target protein.
We found that van der Waals interaction played an important
role between the three compounds and the target.

Especially, the PGG small molecule is surrounded by
hydrophobic amino acids such as A-chain ILE39, D-chain
CYS53 and CYS54, and F-chain VAL7. The structure of the

small molecule can be viewed by taking the epoxy six-
membered ring as the centre, with the side chain containing
a benzene ring inserted into the protein pocket, which closely
combines with the target protein. The hydroxyl groups on mul-

tiple benzene rings in the PGG small molecule form hydrogen
bond interactions with A-chain ASP27 and F-chain PHE10,
ASP56, PRO99, LYS101, etc. At this time, PGG binds in a

more compact way with multiple side chains inserted into the
pocket simultaneously, so that each side chain of the small
molecule can bind to the protein to achieve a stable binding

state. We optimized the structure of the PGG compound to
enhance the hydrogen bond interaction with the residues men-
tioned for the A and F chains to improve the inhibitory activ-

ity. The results showed that the combination of PGG-VEGFA
composite system was the most stable compared with the other
two composite systems. This is also consistent with our previ-
ous phenotypic experimental results.
However, our research has some limitations. First, we only
studied the drug in vitro and did not conduct any in vivo

experiments. Second, although we have proved that the studied
drug has anti-tumour effects, and used molecular physics to
clarify the mechanism, tumour is a complex whole, so further

research is needed to clarify the specific molecular mechanism
of anti-tumour drugs from a biological point of view.
5. Conclusions

We hope our research provides some theoretical guidance for
the rational design of virtual screening methods and effective

new VEGFA inhibitors. PGG can stably bind to VEGFA
and inhibit the malignant biological behavior of gastric cancer
cells, and could be considered a promising anti-VEGFA com-

pound for the further development of VEGFA inhibitors for
targeted therapy.
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