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Abstract
Vascular endothelial growth factor (VEGF) plays a critical role in 

angiogenesis, influencing various physiological and pathological processes. 
Indeed, the inhibitors of VEGF have been developed as angiogenic 
medications, e.g. bevacizumab (avastin). Here, we aim to explore the 
synthesis and evaluation of a novel resveratrol dimer, named RE-16, as a 
potential anti-VEGF agent. By structural modifications of resveratrol, RE-
16 was synthesized using a chemical linker to dimerize the resveratrol 
scaffold, resulting in a compound with improved binding affinity to VEGF, 
as compared to its parent compound. The binding assays of RE-16 to VEGF, 
including ultrafiltration and Biacore surface plasmon resonance (SPR), 
demonstrated the superior affinity of RE-16 in comparing to resveratrol. 
In line with this physical binding, the biological evaluations using human 
umbilical vein endothelial cells (HUVECs) revealed that the treatment of 
RE-16 effectively inhibited the VEGF-mediated biological activities in dose-
dependent manners, exhibiting better potency than the parental molecule--
resveratrol. The favourable ADMET properties of RE-16 were also predicted 
through computational analysis, suggesting good intestinal absorption and low 
toxicity. Overall, RE-16 demonstrates promising potential as a therapeutic 
agent for the VEGF-mediated diseases, warranting further pharmacological 
development and clinical investigation.
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Introduction 
The vascular endothelial growth factor (VEGF) family, containing VEGF-A, 

VEGF-B, VEGF-C, plays a crucial role in regulating the formation of new blood 
networks [1-2]. VEGF family conserves a cysteine-knot fragment that enables 
dimerization and receptor binding to multiple VEGF receptors, including 
VEGFR1, VEGFR2 and VEGFR3. VEGF-A, acting as the most fundamental 
member in the family, exists in various isoforms, such as VEGF-A111, 121, 
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145, 165, 183, 189, and 206, of which VEGF-A165 appears 
as the most abundant isoform in nature [3-4]. Interestingly, 
VEGF-A165 comprises of an N-terminal receptor-binding 
domain and a C-terminal heparin-binding domain, which 
allows the subsequent interaction with extracellular matrix and 
systematic distribution. It is worth noting that VEGF-A165 
usually binds to VEGFR2 with a KD constant of 1-10 nm, 
leading to the formation of homodimer at physiological level 
[5-6].

The VEGF-A/VEGFRs signalling pathway is vital in 
regulating various biological functions and diseases [7]. 
In mice with a knock-out VEGFR-1 gene, impaired blood 
vessel formation was observed, ultimately leading to cell 
death. Therefore, VEGF-A is a crucial component in the 
regulation of angiogenesis through its interaction with the 
VEGFR-2 receptor. Angiogenesis refers to the process of 
forming new blood vessels from the existing capillaries, 
which therefore results in the establishment of a complete, 
organized, and mature vascular network [8-9]. Angiogenesis 
primarily occurs during embryonic development, tissue 
repair, menstrual cycle, muscle growth, and the regeneration 
of organ linings. Indeed, this process is tightly regulated by 
the body. Additionally, angiogenesis plays a significant role 
in the progression of several malignant tumours, including 
melanoma, breast cancer, colorectal cancer, non-small cell 
lung cancer, and renal cell carcinoma [10-12]. Taken these 
together, VEGF-A is a critical protein factor in the regulation 
of angiogenesis through its interaction with the VEGFR-2 
receptor, and such a pathway has appeared as an interesting 
drug target in modulating angiogenesis-mediated disease.

There have been a couple of reported inhibitors that 
are utilized to disrupt VEGF/VEGFR pathway, and which 
have been approved by FDA as drugs [13-15]. For instance, 
bevacizumab and ramucirumab, antibodies targeting 
to VEGF, have been employed as clinical anti-cancer 
therapeutics, while six of others have been approved to treat 
ocular vascular disease, such as pegaptanib, ramucirumab, 
brolucizumab and so on [13-14]. Nevertheless, the majority 
of these drugs often lead to side effects associated with high 
dose, off-target toxicity, relapse as well as drug resistance 
[14-15].  This inspired us to develop novel agents targeting 
VEGF-mediated disease and potentially serve as alternative 
options in clinical application. 

Herbal medicines have been extensively used to treat 
various diseases, including VEGF-mediated diseases [16-17]. 
Through our previous screening platform, we have identified 
a few phytochemicals that expressed fundamental anti-VEGF 
efficacy [18-21]. Intriguingly, resveratrol and its analogous 
have been shown to bind to VEGF protein and attenuate 
VEGF-mediated angiogenic activities [18-21]. As a common 
polyphenol in grapes and vegetables, resveratrol has been 
previously identified as a clinically safe phytochemical with 

diverse functions [22-23]. Although resveratrol suppresses 
the VEGF-induced angiogenesis, the draggabilities of 
which are relatively low, including poor efficacy and low 
bioavailability due to poor aqueous solubility and rapid 
metabolism [24]. Here, we attempted to introduce a chemical 
linker and dimerized the resveratrol scaffold to generate novel 
resveratrol analogues. As a result, we were able to obtain RE-
16 that displayed promising binding affinity to VEGF protein 
and expressed more significant effectiveness to VEGF-
mediated biological activities than resveratrol. This evidently 
suggested that RE-16 could serve as a potent anti-VEGF 
agent for the subsequent pharmacological development. 

Materials and Methods
Chemistry 

All chemicals and solvents in use were obtained from 
commercial sources. NMR spectra (1H NMR and 13C NMR) 
was conducted by Bruker Advance 400 (1H: 400 MHz; 13C: 
101 MHz) (Bruker, Billerica, MA, USA). The abbreviations 
for spin multiplicity are used as follows: s = singlet; d = 
doublet; t = triplet; m = multiplet. HRMS were provided 
through Agilent 6550 iFunnel QTOF.  

Synthesis of RE-16
To a solution of pterostilbene (1 eq.)  in THF (3 mL/mmol) 

was added NaH (1.1 equiv.) very slowly at 0°C, followed by 
the addition of 1,5-Dichloro-3-pentanone (0.5 equiv.) in THF 
(3 mL/mmol) dropwise. The reaction mixture was stirred at 
room temperature for 20 hours. The solvent was removed 
under vacuum, and the crude product was purified by column 
chromatography (EtOAc/petroleum ether) to yield the final 
product in 22% yield. 1H NMR (400 MHz, CDCl3) δ 2.90 (t, J 
= 6.3 Hz, 4H), 3.82 (s, 12H), 4.24 (t, J = 6.3 Hz, 4H), 6.37 (t, 
J = 2.0 Hz, 2H), 6.64 (d, J = 2.0 Hz, 4H), 6.81-6.91 (m, 6H), 
7.01 (d, J = 16.0 Hz, 2H), 7.42 (d, J = 8.6 Hz, 4H). 1C NMR 
(101 MHz, CDCl3) δ 43.7 (2C), 54.6 (4C), 59.1 (2C), 99.1 
(2C), 104.8 (4C), 113.9 (4C), 127.0 (4C), 129.1 (2C), 130.2 
(4C), 140.1 (2C), 158.2 (2C), 160.8 (4C), 205.9 (1C). HRMS 
detection for [M+H]+: found 594.1475.

Biological evaluations
Materials 

The reagents utilized in this report, including Dulbecco’s 
Modified Eagle Medium (DMEM), fetal bovine serum 
(FBS), and other related substances, were sourced from 
Thermo Fisher Scientific (Waltham, MA, USA). Various 
antibody species were procured from Cell Signaling 
Technology (CST; Beverly, MA, USA). VEGF-A165 was 
obtained from Haoyuan Chemexpress (Shanghai, China). 
Additionally, MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2H-tetrazolium bromide] and the DCFH-DA probe 
(20,70-dichlorofluorescein diacetate) were obtained from 
Sigma-Aldrich (St. Louis, MO, USA).
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Cell cultures
Human umbilical vein endothelial cells (HUVECs), 

deriving from endothelium of umbilical cord veins, 
macrophage RAW264.7 and Caco-2 cells, were obtained from 
American Type Culture Collection (ATCC, Manassas, VA, 
USA). During the cell culturing process, the cell lines were 
supplemented with DMEM culture medium, along with 10% 
fetal bovine serum (FBS) and 1% penicillin/streptomycin 
(100 U/mL and 100 μg/mL). The cells were maintained in a 
humidified CO2 incubator set to 5% CO2 and 37 °C. The cell 
lines were subculture when cell confluency exceeded 80%.

Binding affinity assay
Binding affinities between the analytes and VEGF-A165 

protein were assessed using a Biacore T200 (Cytiva) following 
previous protocol [18]. Specifically, different concentrations 
of resveratrol and RE-16 were prepared by diluting in the 
running buffer (with tested concentrations of 1.25 to 20 µM) 
and flowed over the chip surface. The binding interactions 
between the VEGF protein and the tested ligands (either 
resveratrol or RE-16) were monitored in real time. A control 
group without immobilized VEGF protein was included as 
a blank. The data were subsequently analysed using the GE 
Biacore T200 control software.

Wound closure assay 
Wound closure assay was conducted on cultured 

HUVECs to investigate cell migration in vitro, following the 
procedures outlined by Guo et al. [25]. In brief, HUVECs 
were plated in a 12-well plate at a density of 3 x 105 cells 
per well, and treatments were administered once the cells 
reached full confluence. After washing the cells with PBS, 
they were treated with the respective drugs. Images of each 
cell scrape were taken at 0 hours (At0) and 20 hours (At20) 
using a microscope and imaging software (Zen) at 10x 
magnification. The open area of each scrape image at different 
time points was analysed using the software TScratch (CSE 
lab, Switzerland). The wound recovery rate was quantified 
using the following equation: Wound closure (%) = (At0 – 
At20) / At20 x 100%.

SDS/PAGE and western blotting
The western blotting study was performed as previously 

described [26]. The samples were then analyzed using SDS-
PAGE on a 10% gel. For blocking, a solution of 5% skim milk 
in Tris-buffered saline (pH 7.4) containing 0.1% Tween-20 
(TBST) was utilized. The antibodies employed included anti-
rabbit phospho-p44/42 MAPK, anti-rabbit p44/42 MAPK 
(CST), and an anti-rabbit horseradish peroxidase (HRP) 
secondary antibody (Sigma-Aldrich). ECL Western blotting 
substrate (Thermo Fisher Scientific) was used to visualize the 
blots, which were captured with the Chemidoc Touch Imaging 
System (Bio-Rad Laboratories, Hercules, CA, USA). The 
intensities of each band were quantified and analyzed using 
Image Lab software.

Cell proliferation  

After incubating for 24 hours, 100 μL of VEGF at 
a concentration of 10 ng/mL, with or without various 
concentrations of analytes, was added to each well, followed 
by the addition of 10 μL of MTT solution (5 mg/mL). Both 
resveratrol and RE-16 were tested at concentrations of 0.1 to 
10 µM. The mixture was incubated at 37 °C for 4 hours, after 
which 150 μL of DMSO was added to dissolve the formazan 
salt formed during the reaction. The samples were collected 
and measured using a microplate reader (Thermo Fisher 
Scientific) at a wavelength of 570 nm. Proliferation values 
were calculated using the following formula: proliferation 
(%) = (experimental value − low control) / (high control − 
low control) × 100%.

Computational docking study

The docking study was performed as previously described 
[26]. Specifically, the chemical structures of resveratrol and 
RE-16 were created using ChemDraw (version 20.0, https://
perkinelmerinformatics.com/, accessed on 04-01-2026), 
while the protein structure of VEGF-A was downloaded from 
Protein Data Bank (PDB code: 1FLT, https://www.rcsb.org/, 
accessed on 04-01-2026). Residues 1-165 of VEGF were 
selected as the target domain for binding simulations. Virtual 
screening was conducted using SEESAR software (Version 
14.0;  https://www.biosolveit.de/, accessed on 04-01-2026). 
ADMET properties, including TPSA, Log P, and intestinal 
absorption, were predicted using the Optibrium mode.

Ultrafiltration 

The binding affinity was assessed using a previously 
established method [26]. Specifically, the tested ligands 
at a concentration of 2 µM were mixed with or without 2 
nM VEGF protein (MCE, Monmouth Junction, USA) and 
incubated in Milli-Q water at 4°C for 2 hours. The mixture 
was then transferred to a 0.5 mL ultrafiltration tube (2000 
MW cutoff; Sartorius Stedim Biotech, Göttingen, Germany). 
After several rounds of centrifugation, the unfiltered mixture 
containing both the protein and the tested compound was 
precipitated with acetonitrile, and the supernatant was further 
analysed by HPLC at a wavelength of 210 nm.

Results 
Synthesis of RE-1 

As reported previously, resveratrol was able to bind the 
active site of VEGF-A protein and acted as effective anti-
VEGF agent [18-19]. The para-phenol fragment of resveratrol 
appears synthetically available, allowing us to introduce 
various building blocks to yield a group of novel resveratrol 
analogues with improved efficacy and bioavailability (Figure 
1A). To begin with, we proposed to introduce a linker to the 
para-phenol scaffold connecting with another resveratrol in 
forming a dimer of resveratrol. Such a dimer was expected to 
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show stronger binding affinity at the active site and display 
potent anti-VEGF effectiveness. In light of this, an analogue, 
named RE-16, was designed and synthesized for the 
following evaluation. As shown in Figure 1B, 1,5-dichloro-
3-pentanone reagent was employed to introduce a pentanone
linker through a one-pot reaction in the presence of NaH. The
reaction went well, and we were able to obtain pure RE-16
compound, albeit the final yield was relatively low at ~22%.
In our initial evaluation, we conducted a docking analysis and
observed that both resveratrol and RE-16 were able to bind
the active site and formed van der Waal interactions with
SER50 residue of VEGF-A (Figure 1C and D). Interestingly,
RE-16 showed lower docking energy at -27.4 KJ/mol vs
-19.1 KJ/mol of resveratrol, indicating an increase of binding
affinity to the protein and more robust anti-VEGF activity.

Binding activity to VEGF 
To further determine the binding affinity of RE-16 

against VEGF-A, we developed a series of VEGF-based 
screening platforms. In an ultrafiltration assay, RE-16 could 
significantly bind to VEGF-A, and the binding degree was 
higher than that of resveratrol (30% vs 19%), suggesting 
that the novel dimer had better affinity to VEGF-A than its 
parental phytochemical (Figure 2A and B). In a Biacore 
SPR assay, we found that RE-16 displayed fundamental 
binding performance to VEGF-A and showed significantly 
higher response units than resveratrol at concentration of 20 
mM, which was in consistence with the observation in the 
ultrafiltration study (Figure 2C). 

Figure 1: (A) Structural design of novel resveratrol analogue. 
Introduction of linkers into para-phenol scaffold leads to a 
dimerization of resveratrol. (B) Synthetic scheme towards RE-16. 
Reagents and conditions: NaH, 1,5-dichloro-3-pentanone, THF, 0 
°C-RT, 20 hours, 22%. (C) Docking analysis of resveratrol (RES) 
against VEGF-A protein (PDB code: 1FLT). (D) Docking analysis of 
RE-16 against VEGF-A protein. Chemical structures were obtained 
from Chemdraw software, and protein structure was obtained from 
protein data bank. 

Figure 2: Binding performances of resveratrol (RES) (A) and RE-
16 (B) in the ultrafiltration assay. Binding degree was determined 
through HPLC analysis at wavelength of 210 nm. (C) Binding 
activity of RE-16 in Biacore assay at concentrations up to 20 µM. 
The binding interactions were monitored in real time and analysed 
using the GE Biacore T200 control software.
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HUVEC is an endothelial cell line deriving from 
peripheral vasculature and has been widely utilized in VEGF-
related vascular research [27]. During our investigation, 
we established a HUVEC culture model and found that 
VEGF-A triggered efficient wound recovery, as compared 
with the blank group (Figure 3). Subsequently, avastin 
(bevacizumab), a well-known inhibitor of VEGF-A, was 
employed as a control and attenuated the wound recovery 
induced by VEGF-A. When co-treated with VEGF-A, RE-
16 was able to significantly reduce the efficiency in dose-
dependent manners from 0.1 µM to 10 µM, and the inhibitory 
effectiveness was stronger than resveratrol.  In the following 
western blotting study, RE-16 robustly blocked the VEGF-
induced phosphorylation of VEGFR2 from 0.1 µM to 10 µM 
and expressed better potency than avastin and/or resveratrol 
(Figure 4). 

In parallel, RE-16 showed effective inhibition to 
the VEGF-induced proliferation of HUVECs in a dose-
dependent manner (Figure 5A), and the IC50 value was lower 
than that of resveratrol (0.92 µM vs 1.43 µM), suggested that 
RE-16 was a more potent anti-VEGF agent than resveratrol. 
Furthermore, it was previously reported that VEGF-A, after 
binding to its corresponding receptor, such as VEGFR2, 
activated the downstream signalling factors, including NF-
ĸB, and therefore mediated the inflammation-regulated 
angiogenesis [28-29]. Indeed, VEGF-A was found to enhance 
the expression of NF-ĸB, and the application of avastin could 
effectively reduce the activity of NF-ĸB in the presence of 
VEGF-A. As anticipated, RE-16 displayed better suppression 
to NF-ĸB by inhibiting VEGF-A from 0.1 µM to 10 µM than 
resveratrol (Figure 5B), which agreed with the observation 
above. Taken together, these evidently indicated RE-16 could 
act as a promising anti-VEGF agent and impede the VEGF-
mediated downstream biological activities through disrupting 
its correlation with VEGFR2. 

Figure 3: RE-16 attenuated wound recovery induced by VEGF-A 
in HUVECs from 0.3 µM to 10 µM. Pictures of cell scrape at 0 
and 10 hours were taken by a microscope and further interpreted 
by imaging software (Zen). The asterisks statistically represent 
significant differences such that * p < 0.05 in comparison with the 
blank group (no drug treatment) in mean ± SD, n = 4.

Figure 4: (A) RE-16 inhibited interaction between VEGF-A and VEGFR2 by blocking phosphorylation of VEGHR2 in HUVECs from 1, 
3 and 10 µM in western blotting assay. (B) The intensities of each band were interpreted by software Image Lab (6.1 version). Values were 
calculated as the percentage of changes in comparison with blank group (no drug treatment). The asterisks statistically represent significant 
differences such that * p < 0.05 in comparison with the blank group (medium only) in mean ± SD, n = 4.
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Pharmacological profile of RE-16

To outline the pharmacological draggability of RE-16, 
we first conducted an MTT assay in HUVECs to determine 
the potential toxicity of RE-16. As shown in Figure S1, no 
obvious cell apoptosis was observed from RE-16 group when 
treated at relatively low concentrations, implying that the 
reagent was unlikely to induce toxicity in cultured cells. In 
addition, we performed a stability test in three conditions, 
i.e. acidic, basic and neutral, and revealed that RE-16 was
relatively stable under neutral and acidic condition (RSD <
10%), despite that very mild degradation was detected under
basic condition (Tabel 1). Besides, it was observed in a Caco-
2 cell permeability assay that RE-16 was able to penetrate
through the assay with a Papp value of 16.4 × 10-6 cm/s at a
concentration of 10 µM (Figure 6A), which was anticipated
to display good bioavailability and absorption according to
Ahmed et al [30] (Table 1).

Next, we investigated the ADMET profile of RE-16 
through computational analysis. As a result, RE-16 was found 
to display good intestine absorption (positive HIA value) and 
relatively low toxicity to CYPs, and was expected to show 
no interaction with BBB (blood brain barrier) as well as 
P-gp that led to active transportation and low bioavailability,
although slightly higher Lop P was recorded (Log P > 5)

Figure 5: (A) RE-16 and resveratrol (RES) reduced VEFG-mediated 
cell proliferation in HUVECs from 0.1 µM to 10 µM. Avastin was 
used as a positive control at a concentration of 200 μg/mL. Values 
were calculated as the percentage of changes in comparison with 
blank group (no drug treatment). (B) RE-16 and resveratrol (0.1, 
1 and 10 µM) suppressed NF-κB activities mediated by VEGF-A. 
RAW 264.7 cells were transfected with pNF-κB (Thermo Fisher 
Scientific) through jetPRIME before being incubated for 24 hours. 
The refresh medium was replaced every four hours prior to drug 
treatments twice after 24 and 48 hours, respectively. The luminescent 
intensity was interpreted by luminometer. The asterisks statistically 
represent significant differences such that * p < 0.05 in comparison 
with the blank group (medium only) in mean ± SD, n = 4.

Analytes

Precision

Intra-day (n=6) a Inter-day (n=6) b

Mean Peak 
Area c RSD (%) Mean Peak 

Area RSD (%)

RE-16 (acidic) 1347.1 4.71 1254.9 5.07

RE-16 (neutral) 1975.5 3.99 2032.7 7.97

RE-16 (basic) 945.3 6.48 994.7 10.06

Table 1: Stability of RE-16 and resveratrol in HPLC analysis. The 
stability was determined by the intra-day and inter-day deviations 
through HPLC analysis at a wavelength of 210 nm. The relative 
standard deviation (RSD) was used as an indicator of stability. a b 
the intra- and inter-day stability tests were determined by analysing  
6 replicates of the standard solution of the two analytes during a 
single day and six replicates of the samples examined on 5 successive 
days, respectively; c mean peak area was calculated from the average 
number of 6 replicates.

Figure 6: (A) RE-16 expressed promising permeability in Caco-2 
cells. The integrity of the cell monolayer was assessed by measuring 
transepithelial electrical resistance (TEER) with an EVOM 
Epithelial Volt/Ohm Meter (WPI, Sarasota, FL, USA), along 
with evaluating the permeability of lucifer yellow (a marker for 
paracellular leakage) across the cell monolayer. The permeabilities 
values were determined through mass spectrometry. Both resveratrol 
and RE-16 were tested at concentration of 1 µM and 10 µM. Values 
were calculated as percentage of changes compared with the  
blank control (only medium in use), in mean ± SD, n = 4. Papp value 
was calculated from the following equation: 

; standard deviation (SD) was calculated from four replicates. (B) 
In silico prediction of Log D and Log S values. Log D and Log S 
values were obtained from SEESAR software (Version 14.0; https://
www.biosolveit.de/, accessed on 04-01-2026) using the Optibrium 
mode (Table 2). 
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(Table 2). Also, the Log D, Log S and Log S pH 7.4 values 
were determined as 2.11, -0.221 and 0.316, respectively 
(Figure 6B), which were believed to provide crucial balance 
between lipophilicity and hydrophilicity and therefore result 
in promising bioavailability [31-32].

Discussions
Angiogenesis plays an important role in several diseases’ 

progression, such as malignant tumours and retinopathies. 
The VEGF/VEGFR axis, including VEGF/VEGFR 
interaction, VEGFR tyrosine kinase phosphorylation and 
VEGFR receptor downstream signalling, is the key process 
of angiogenesis [33-34]. This process involves the activation, 
proliferation, and migration of endothelial cells, mediated 
by a variety of pro-angiogenic and anti-angiogenic factors. 
In healthy adults under normal physiological conditions, 
endothelial cells remain largely inactive, with a mitotic 
frequency of only 0.5% [33-34]. In several non-neoplastic 
angiogenic diseases, such as immune disorders, e.g., 
rheumatoid arthritis, psoriasis, and Crohn's disease, diabetic 
retinopathy, and age-related macular degeneration (AMD), 
angiogenesis can become dysregulated and excessive due 
to the overexpression of pro-angiogenic factors and/or the 
inactivation of anti-angiogenic factors [34-35]. 

Ever since the hypothesis of neovascularization, as proposed 
in 1970s, the anti-angiogenic therapeutic has become a major 
strategy to tackle angiogenesis-mediated diseases, including 
cancer and AMD [36-37]. The combination of VEGFs and 
VEGFRs has led to the activation of various receptors and 
eventually resulted in angiogenesis and lymphangiogenesis, 
and such an interaction has attracted considerable attention as 
the main target of anti-angiogenesis therapy [36-37]. There 
have been a few anti-angiogenic drugs being approved by 
the FDA, which have been divided into three classes, i.e., 
antibody, fusion protein, and small molecule [38-40]. So far, 
totally seven drugs targeting VEGFs/VEGFRs pathway have 
been approved by the FDA to treat cancer and ocular vascular 
disease, and none of them are small molecules. It is worth 
noting that, in general, antibody and fusion proteins contain 
large molecular size and display poor penetration into cell 
membrane and low bioavailability, which leads to off-target 
side effect and safety issue in clinical applications [38-40]. 

Phytochemicals from natural products have been widely 
utilized in clinical applications and have gained significant 
attention for their potential efficacy against various disease, 
including angiogenesis-mediated disease [41]. For instance, 
baicalin, from Chinese skullcap, has been employed as an 
effective cancer treatment by suppressing VEGF-regulated 
pathway. In parallel, curcumin was found to inhibit cancer 
growth through blocking TNF-α and angiogenesis-related 
activities [41]. Despite these successes, it has remained 
extremely challenging to transform natural occurring 
phytochemicals into medicinal therapeutics, and this is 

mainly due to the challenges of large-scale isolation and 
relatively low efficacy [41-42].  To develop as drugs for 
clinical applications, the chemical modification of these 
phytochemicals is a prerequisite. 

Computational docking has been an efficient in silico 
tool utilized in drug discovery [26,43], which determines 
the protein binding domain responsible for ligand binding 
and reveals the affinity at the targeted protein. Besides, the 
computational model could also be used to predict ADMET 
properties and outline the pharmacological profile of newly 
designed chemical analogues prior to biological evaluations 
[26,43]. In our previous investigation, we have identified 
resveratrol as a potent anti-VEGF and appeared as a promising 
hit molecule for the following hit-to-lead drug development 
[18-21]. This inspired us to conduct structural modifications 
around resveratrol with the aid of computational analysis 
to further identify novel molecules with better potency and 
potentially lower toxicity. Indeed, during our investigation, 
we have identified a novel resveratrol dimer, RE-16, that 
expressed potent efficacy to VEGF-mediated activity and 
could be considered as an effective anti-VEGF inhibitor for 
the subsequent pharmaceutical development. 

Conclusion 
In summary, we have successfully synthesized and 

evaluated RE-16, a novel resveratrol dimer, as a potential 
anti-VEGF agent. The structural modifications made to 
the resveratrol scaffold, particularly the introduction of a 
chemical linker to create a dimerized compound, which 
significantly enhanced its binding affinity to VEGF-A. 
Binding assays demonstrated that RE-16 exhibits superior 
affinity and potency in inhibiting VEGF-mediated biological 
activities, as evidenced by its effectiveness in reducing cell 
proliferation and migration in HUVECs. Furthermore, RE-16 
was shown to inhibit the phosphorylation of VEGFR2 and 
suppress the downstream signalling pathways associated with 
angiogenesis, including NF-κB activation. The compound's 
favourable ADMET properties, predicted through 
computational analysis, suggested that it has the potential 
for good intestinal absorption and low toxicity, making it a 
promising candidate for the development of pharmacological 
products. Future studies should focus on the in vivo efficacy 
and safety of RE-16, as well as its potential for clinical 
application in treating VEGF-mediated diseases. Overall, RE-
16 could serve as a valuable addition to the toolbox of anti-
angiogenic agents available for pharmaceutical development 
and clinical use.
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