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Abstract 
 

Cancer is a condition marked by abnormal and uncontrolled cell growth, with VEGFR-2 and c-MET 

receptors contributing to tumor angiogenesis, metastasis, and resistance to therapy. Bajakah tampala 

stem (Spatholobus littoralis Hassk.) is a traditional plant from Kalimantan that is rich in flavonoid 

compounds that may interact with these molecular targets. This study aimed to evaluate the molecular 

interactions, drug-likeness, and pharmacokinetic properties of Bajakah flavonoid compounds through 

in silico approaches. Lipinski's rule of five and ADMET predictions indicated favorable drug-likeness 

and absorption profiles for most compounds, although some displayed moderate intestinal absorption 

and potential mutagenicity. Among the evaluated compounds, hesperetin showed the most favorable 

predicted binding affinity toward VEGFR-2 (binding energy -9.57 kcal/mol; predicted Ki 97.00 nM), 

while apigetrin demonstrated the lowest predicted binding energy toward c-MET (-9.43 kcal/mol; 

predicted Ki 122.94 nM). Both compounds exhibit interactions comparable to reference drugs 

cabozantinib and crizotinib, suggesting their potential as natural lead compounds for anticancer therapy. 

Further in vitro and in vivo studies are warranted to confirm their efficacy and safety. 
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1 Introduction 

Cancer is a group of diseases that is 

characterized by uncontrolled cellular 

proliferation that could infiltrate adjacent tissues 

and cells [1] . In 2022, the World Health 

Organization's Global Cancer Observatory 

estimated approximately 9.7 million cancer deaths 

worldwide. The leading cause of death from the 

most commonly diagnosed types of cancer is lung 

cancer, with an estimated 20 million new cases 

diagnosed in the same year, followed by breast 

cancer in women and colorectal cancer [2] .  

  One of the receptors involved in cancer is 

VEGFR-2, which stimulates the formation of new 

blood vessels to help tumors by bringing nutrients 

and oxygen for them to grow. Another receptor 

that helps cancer cells survive, multiply, and 

spread is c-MET. Together, they all work to 

worsen cancer progression by fueling 

angiogenesis, spreading the disease, and even 

helping tumors resist treatment [3,4]. When a 

pathway is blocked, tumors frequently turn to the 

other as a fallback, making cancer harder to treat. 

Therefore, targeting both VEGFR-2 and c-MET 

simultaneously is a promising method of blocking 

the tumor's growth and survival. Drugs that block 

both receptors, such as cabozantinib and 

crizotinib, have shown anticancer effects and are 

currently advancing as potential cancer therapies 

[5].  

Cabozantinib is a multitarget kinase inhibitor 

that effectively inhibits tumor growth and 

angiogenesis by blocking VEGFR-2 and other 

pathways such as AXL, RET, and KIT [6]. 

Similarly, crizotinib is a multi-kinase inhibitor 

that can suppress tumor growth and angiogenesis 

http://jkk.unjani.ac.id/index.php/jkk
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by blocking ALK, ROS1, and c-Met, while also 

overcoming chemotherapy resistance through 

JAK2 and mutant Bcr/Abl inhibition [7]. Despite 

their therapeutic benefits, these drugs are still 

limited in terms of safety and the development of 

drug resistance. Some limitations include the 

emergence of secondary mutations in the receptor 

target, activation of alternative signaling 

pathways, and toxic side effects such as 

hypertension, gastrointestinal disorders, hand-foot 

syndrome, and fatigue. These shortcomings can 

reduce long-term effectiveness and decrease 

patient compliance [3]. As a result, there is a need 

for the development of safer alternative therapies, 

such as the utilization of natural compounds from 

plants. 

Bajakah tampala stem (Spatholobus littoralis 
Hassk.) is a traditional plant from Kalimantan that 

has gained attention as a natural alternative for 

cancer therapy because it contains abundant 

flavonoids that are linked to strong biological 

activities [8]. Furthermore, the ethyl acetate 

fraction of bajakah tampala extract has been 

shown to exert anticancer effects through their 

reported IC50 value of 4.79 µg/mL against the 

T47D breast cancer cell line [9]. This suggests that 

bajakah tampala demonstrates high cytotoxic 

activity towards cancer cells, and therefore the 

flavonoid compounds contained in the bajakah 

tampala stem are a promising natural candidate for 

further development in the cancer treatment [10]. 

Even though their potential as anticancer agents 

was discovered through in vitro studies, their 

molecular mechanisms remained unknown. 

Therefore, this study aims to identify the 

molecular interactions of S. littoralis Hassk. 

flavonoid compounds towards VEGFR-2 and c-

MET as anticancer through molecular docking, as 

well as their drug-likeness and ADMET 

properties. 

 

2 Method 

2.1. Materials and tools  

In silico analyses were conducted on a 

personal laptop with an AMD Ryzen 3 3250U 

processor with Radeon Graphics 2.60 GHz, 8.00 

GB RAM, and Windows 64-bit operating system. 

The protein targets examined in this study 

included the VEGFR-2 receptor (PDB ID: 2P2I) 

and c-MET receptor (PDB ID: 3ZZE) along with 

their native ligands which are obtained from 

Protein Data Bank of RCSB 
(https://www.rcsb.org) and then prepared in 

BIOVIA Discovery Studio 2025 by removing 

water molecule. Test flavonoid compounds 

sourced from a previous study and obtained from 

PubChem were refined through MM2 geometry 

optimization in Chem3D Pro 12.0, as shown in 

Fig. 1 [11]. Additionally, this study employed a 

range of software and webtools, including 

BIOVIA Discovery Studio 2025, PubChem, 

Protein Data Bank, mcule property calculator, 

Chem3D Pro 12.0, AutoDock 4.2.6, and 

PreADMET.  
 

2.2. Lipinski’s rule of 5 predictions 

Lipinski’s rule of 5 evaluation was performed 

by retrieving the SMILES format of each 

flavonoid compound from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) and 

generating their two-dimensional structure. Each 

compound is then analyzed using a mcule property 

calculator (https://mcule.com/apps/property-

calculator/) to predict the drug-likeness properties. 

The parameters assessed for the drug-likeness 

included molecular weight, log P, hydrogen bond 

donor, and acceptor. 

 

2.3. ADMET predictions 

ADMET predictions were conducted by 

obtaining the flavonoid compounds and analyzing 

them through PreADMET 

(https://preadmet.webservice.bmdrc.org/). The 

pharmacokinetic parameters assessed were human 

intestinal absorption (HIA), blood-brain barrier 

(BBB) penetration, plasma protein binding (PPB), 

and Caco-2 cell permeability. In addition, toxicity 

parameters such as carcinogenicity to rodent and 

Ames test mutagenicity were also evaluated. 

 

2.4. Molecular docking simulation 

Ligand geometry optimization was carried 

out before molecular docking by using molecular 

mechanics (MM2) calculations in Chem3D Pro 

12.0. Each ligand was constructed and subjected 

to energy minimization to minimum RMS 

gradient of 0.010 using MM2 calculations. 

Molecular docking protocol validation was 

performed by re-docking each native ligands into 

their respective receptors using Autodock 4.2.6. 

The grid box dimensions and coordinates were 

adjusted to yield RMSD ≤ 2 Å and a negative 

binding energy, with a Lamarckian Genetic 

Algorithm (GA) runs of 100. The grid box 

parameters for molecular docking were 

configured as follows: for the VEGFR-2 receptor 

(PDB ID: 2P2I), the grid box dimensions were set 

to 40 × 48 × 40 with center coordinates at x = 

38.192, y = 35.014, z = 12.178 and for the c-MET 

receptor (PDB ID: 3ZZE), the grid box was also 

https://pubchem.ncbi.nlm.nih.gov/
https://mcule.com/apps/property-calculator/
https://mcule.com/apps/property-calculator/
https://preadmet.webservice.bmdrc.org/
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40 × 40 × 40 with center coordinates at x = 17.376, 

y = 10.965, z = 4.832. 

Subsequently, molecular docking simulations 

were performed between the flavonoid test ligands 

and the prepared receptors, using cabozantinib 

(VEGFR-2) and crizotinib (c-MET) as reference 

drugs. Receptor preparation was conducted in 

BIOVIA Discovery Studio 2025, which involved 

the removal of water molecules and separation of 

the native ligand. Polar regions of the proteins 

were refined by adding Kollman charges and 

hydrogen atoms. Ligand preparation in AutoDock 

4.2.6 included merging nonpolar hydrogens, 

adding hydrogen atoms, and assignment of 

Gasteiger charges. Molecular docking simulations 

were executed using the Lamarckian Genetic 

Algorithm with 100 runs, following the same 

parameters as validation. Binding energy and 

inhibition constants were obtained through 

AutoDock, while ligand-receptor interactions 

were visualized using BIOVIA Discovery Studio 

2025. 

The best pose in a molecular docking study is 

generally selected based primarily on the lowest 

binding energy, high cluster population, low 

RMSD, and a small inhibition constant value 

supported by favorable interaction profiles such as 

hydrogen bonds. 

 

 
Figure 1. Chemical structure of flavonoids in S. littoralis Hassk. used as test ligands. 

 

3 Result and Discussion  

3.1. Lipinski’s rule of 5 predictions 

Lipinski’s rule of 5 predictions serves as a 

guideline to evaluate the drug-likeness and to 

identify if a compound with pharmacological 
activity exhibited physicochemical properties that 

would make it likely orally active drug in humans 

[12]. According to Lipinski’s rule of 5, drug-

likeness properties depend on four 

physicochemical parameters: molecular weight ≤ 

500 Da, hydrogen bond donor ≤ 5, hydrogen bond 

acceptor ≤ 10, and log P ≤ 5 [13]. This rule 

suggests that an orally active drug should have no 

more than one violation of the mentioned criteria 

[14]. These parameters are closely related to 

intestinal permeability and aqueous solubility, 

thereby influencing the first step of oral 

bioavailability in humans. Based on Table 1, 

Lipinski's rule of 5 analysis of tested flavonoid 

compounds fulfilled the established criteria with 

the maximum violation of one. Therefore, these 

findings suggest that these compounds exhibited 

favorable physicochemical properties and oral 

bioavailability.
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Table 1. Lipinski’s rule of 5 predictions results from S. littoralis Hassk. flavonoid compounds 

Compounds 
Molecular 

weight (Da) 
Log P 

Hydrogen 

bond donor 

Hydrogen 

bond acceptor 

Lipinski 

violations 

Catechin 290.267 1.546 5 6 0 

Daidzein 254.236 2.871 2 4 0 

Formononetin 268.263 3.174 1 4 0 

Glycitein 284.262 2.880 2 5 0 

Luteolin 286.235 2.282 4 6 0 

Apigenin 270.236 2.577 3 5 0 

Hesperetin 302.278 2.519 3 6 0 

Naringenin 272.252 2.510 3 5 0 

Kaempferide 300.262 2.585 3 6 0 

Negletein 284.262 2.880 2 5 0 

Apigetrin 432.376 0.050 6 10 1 

(-)-8-Prenylnaringenin 340.369 4.019 3 5 0 

3.2. ADMET predictions 

ADMET prediction analysis was performed 

to evaluate the pharmacokinetic behavior and 

potential toxicity of the flavonoid compounds. 

Pharmacokinetic parameters such as absorption, 

distribution, metabolism, and excretion (ADME) 

were assessed to determine their suitability for 

systemic administration and utilization [15]. 

Furthermore, toxicity predictions were carried out 

to identify the potential risks from the compound 

that might affect human health [16]. The ADMET 

prediction results are demonstrated in Table 2.  

HIA is a degree that estimates how much a 

compound is absorbed in the human intestine. 

Generally, HIA is directly proportional to the 

intestinal absorption. Therefore, a higher HIA 

value indicates better intestinal absorption of the 

compound [17]. The HIA results revealed the 

flavonoid compounds of S. littoralis Hassk. 

mostly exhibited high HIA values ranging from 

79.427% - 95.552%, except catechin and apigetrin 

which are considered moderate with HIA values 
of 66.708% and 47.106%, respectively. In order to 

enhance their intestinal absorption, these 
compounds could be formulated into a more 

advanced drug delivery system such as nano 

emulsions, nanoparticles, or liposomes, which 

have been widely used to improve the solubility 

and bioavailability of flavonoids [18–20]. 

Caco-2 permeability is a model used to 

identify the passive diffusion of compounds across 

intestinal epithelium [21]. According to the Caco-

2 predictions results, catechin and negletein 

exhibited low permeability towards Caco-2 with 

the values of 0.657 nm/sec and 2.767 nm/sec 

respectively. In contrast, ten other flavonoid 

compounds possessed moderate Caco-2 

permeability, with the values varying from 4.540 

nm/sec - 13.033 nm/sec. 

PPB is a parameter that indicates how 

strongly a compound attaches to plasma protein. 

In general, PPB influences a compound’s 

distribution, free fraction concentration, and 

pharmacological activity [22]. All flavonoid 

compounds except apigetrin demonstrated high 

PPB values (83.992%-100.000%). Apigetrin 

shows a relatively lower PPB value of 73.433% 

which indicates a higher proportion of the 

compound remains in its free fraction inside the 

circulation. As a result, this greater free fraction 

may enhance its immediate therapeutic potential 

[23].  

BBB represents a microvascular unit that 

selectively regulates the permeability of a 

compound to the brain [24]. Based on the ADMET 

predictions, formononetin, glycitein, and apigetrin 

has low BBB penetration with values of 0.063, 

0.091, and 0.037 respectively. These findings 

indicate that these compounds are predicted to 

exert minimal central nervous system side effects 

[25].  On the other hand, the rest of the flavonoid 

compounds exhibited moderate BBB penetration 

with values extending from 0.117 - 1.934. 

One of the most critical observations in the 

toxicity profile is that all twelve flavonoid 

compounds were identified as mutagen through 

the Ames test. For flavonoids, this predicted 

mutagenicity can be attributed to their 

characteristic chemical structure. In flavones and 

flavonols, the presence of a double bond between 

C2 and C3 in the heterocyclic ring ensures that the 

entire chromophore maintains a rigid, planar 
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geometry. This planarity is fundamental for DNA 

intercalation. When a flavonoid intercalates, it is 

stabilized by π-π stacking interactions with the 

nitrogenous bases. This physical insertion can 

cause unwinding of the DNA helix, leading to 

mutations during DNA replication [26,27]. 

Lastly, the carcinogenicity results suggest 

that although the majority of flavonoids tested 

were non-carcinogenic in mice and rats, some 

compounds including luteolin, apigenin, and 

negletein exhibited positive responses in one or 

both animal models. Consequently, this raises the 

need for further efficacy and safety studies 

towards S. littoralis Hassk. flavonoid compounds 

before their therapeutic utilization as some 

compounds were predicted to be able to induce 

genetic mutation or cancer.

 
Table 2. ADMET predictions results of S. littoralis Hassk. flavonoid compound 

Compounds 
HIA 

(%) 

Caco-2 

(nm/sec) 
PPB (%) BBB Mutagen 

Carcinogen 

Mouse Rat 

Catechin 66.706 0.657 100.000 0.395 Mutagen - - 

Daidzein 92.646 7.720 88.705 0.194 Mutagen - + 

Formononetin 95.552 7.601 85.087 0.063 Mutagen - + 

Glycitein 93.042 7.065 89.437 0.091 Mutagen - + 

Luteolin 79.427 4.540 99.717 0.368 Mutagen + + 

Apigenin 88.123 10.547 97.253 0.565 Mutagen + + 

Hesperetin 87.193 7.004 96.763 0.223 Mutagen - + 

Naringenin 87.193 10.521 100.000 0.597 Mutagen - - 

Kaempferide 88.192 9.335 83.992 0.157 Mutagen - + 

 Negletein 93.033 2.767 91.176 0.117 Mutagen - + 

Apigetrin 47.106 7.217 73.433 0.037 Mutagen + - 

(-)-8-

Prenylnaringenin 

90.291 13.033 100.000 1.934 Mutagen - - 

3.3. Molecular docking simulations 

Validation of the molecular docking protocol 

was performed prior to the simulation in order to 

identify the active site location of the protein by 

grid box parameter, which allows the docking 

simulations to be performed on the respective 

region of the protein [28]. Generally, RMSD 

values below 2.0 Å indicate that the docking 

protocol is capable of predicting the binding 

orientation of native ligands accurately [29]. The 

validation of molecular docking protocol results, 

as shown in Fig 2, demonstrates that the RMSD 

obtained was 0.63 Å for the native ligand of 

VEGFR-2 receptor (PDB ID: 2P2I) and 0.93 Å for 

the native ligand of c-MET receptor (PDB ID: 

3ZZE). Therefore, the docking protocol used for 

this study was deemed as valid. 

 

Figure 2. Overlay visualization of native ligands in molecular docking validation (a) VEGFR-2 (PDB ID: 2P2I) 

(b) c-MET (PDB ID: 3ZZE) 

 

Molecular docking simulations of 

flavonoid compounds of S. littoralis Hassk. were 

performed on the VEGFR-2 receptor (PDB ID: 

2P2I) and c-MET receptor (PDB ID: 3ZZE). The 

results of molecular docking of each compound 

towards VEGFR-2 receptor (PDB ID: 2P2I) as 
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shown in Table 3 revealed that the most 

frequently interacting amino acid residues were 

ASP 1046a, GLU 885a, CYS 919a, PHE 1047a, and 

VAL 916a. In addition, MET 1160a, ASP 1222a, 

TYR 1230a, ASN 1209a, and LEU 1140a were also 

identified as the most frequently interacting amino 

acid residues in the c-MET (PDB ID: 3ZZE) 

molecular docking result, as shown in Table 4. 

 

Table 3. Molecular docking results of S. littoralis Hassk. flavonoid compound against VEGFR-2 receptor (PDB 

ID: 2P2I) 

Compound 

Binding 

Energy 

(kcal/mol) 

Inhibition 

Constant 

(Ki) 

Interactions with Amino Acid Residue 

Hydrogen bond Van der Waals Other bond 

Native Ligand -11.78 2.3 nM Conventional 

Hydrogen Bond  

ASP 1046a, GLU 

885a  

Carbon 

Hydrogen Bond 

GLU 917a, ALA 

866a 

 

PHE 918a, VAL 

898a,  

ILE 1044a, HIS 

1026a, ILE 888a, 

ILE 892a, LYS 

868a, VAL 914a, 

VAL 867a, VAL 

848a, VAL 916a, 

PHE 1047a 

Pi-Sigma  

LEU 1019a 

Pi-Alkyl 

LEU 1035a, LEU 

840a, VAL 899a, 

CYS 1024a, LEU 

889a 

Unfavorable 

Donor-Donor 

CYS 919a 

Cabozantinib 

(reference drug) 

-11.10 7.34 nM Conventional 

Hydrogen Bond  

ASP 1046a  

Carbon 

Hydrogen Bond 

ILE 1025a, HIS 

1026a, GLU 885a 

 

GLY 922a, CYS 

1045a 

PHE 1047a,  
 

Halogen (Fluorine) 

CYS 919a 

Pi- Anion 

GLU 885a 

Pi-Sigma  

LEU 1035a, LEU 

840a 

Pi-Pi Stacked 

PHE 918a 

Alkyl, Pi-Alkyl 

ILE 888a, LEU 889a, 

ALA 1050a, LEU 

1019a,  VAL 898a, 

ILE 1044a, LYS 

868a, VAL 848a, 

ALA 866a 

Catechin 

 

-8.04 1280 nM Conventional 

Hydrogen Bond 

CYS 1045a, GLU 

885a, VAL 914a, 

CYS 919a 

LEU 889a, ASP 

1046a, PHE 1047a, 

GLY 922a, VAL 

867a, ILE 915a 

Pi-Sigma 

VAL 916a, LEU 

840a 

Pi-Pi Stacked 

PHE 919a 

Alkyl, Pi-Alkyl 

LYS 868a, VAL 

848a, LEU 1035a, 

ALA 866a, CYS 

1045a 

Daidzein 

 

-8.06 1230 nM  Conventional 

Hydrogen Bond 

CYS 919a, GLU 

885a 

PHE 1047a, VAL 

899a, CYS 1045a, 

LEU 889a, VAL 

914a, GLU 917a, 

LYS 920a 

Pi-Sigma 

LEU 1035a, LEU 

840a 

VAL 916a 

Pi-Pi Stacked 

PHE 918a 

Pi-Alkyl 
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ALA 866a, VAL 

848a, LYS 868a, 

CYS 919a, LEU 

1035a 

Unfavorable 

Donor-Donor 

GLY 922a 

Formononetin 

 

-7.64 2520 nM Conventional 

Hydrogen Bond 

LYS 868a, GLU 

885a 

Carbon 

Hydrogen Bond 

 CYS 919a 

LEU 889a, CYS 

919a, GLY 922a, 

PHE 918a, PHE 

1047a, ASP 1046a 

Pi-Alkyl 

VAL 916a, VAL 

899a, CYS 1045a, 

ALA 866a, LEU 

840a, LEU 1035a, 

VAL 848a 

Glycitein 

 

-7.76 2050 nM Conventional 

Hydrogen Bond 

GLU 885a, CYS 

919a 

Pi-Donor 

Hydrogen Bond 

ASP 1046a 

GLU 917a, PHE 

918a, GLY 922a, 

LEU 889a, LYS 

869a, VAL 848a 

Pi-Sigma 

LEU 1035a, LEU 

840a 

Alkyl, Pi-Alkyl 

VAL 916a, VAL 

899a, CYS 1045a, 

CYS 919a, PHE 

1047a, ALA 866a, 

LEU 840a 

Luteolin 

 

-8.96 269.13 nM Conventional 

Hydrogen Bond 

VAL 914a, ALA 

866a, ASP 1046a, 

CYS 919a 

ILE 915a, VAL 

867a, GLU 885a, 
VAL 889a, PHE 

1047a, GLY 922a, 

LYS 920a 

 

Pi-Sigma 

VAL 916a, LEU 
1035a, LEU 840a 

Pi-Sulfur 

CYS 1045a 

Pi-Pi Stacked 

PHE 918a 

Pi-Alkyl 

LYS 868a, VAL 

848a, VAL 916a, 

ALA 866a 

Apigenin 

 

-9.18 185.86 nM Conventional 

Hydrogen Bond 

VAL 914a, ASP 

1046a, ALA 866a, 

CYS 919a 

 

ILE 915a, VAL 

867a, VAL 899a, 

GLU 885a, GLY 

922a, PHE 1047a 

Pi-Sigma 

VAL 916a, LEU 

1035a, LEU 840a 

Pi-Sulfur 

CYS 1045a 

Pi-Pi Stacked 

PHE 918a 

Pi-Alkyl 

LYS 868a, VAL 

848a 

Hesperetin 

 

-9.57 97.00 nM Conventional 

Hydrogen Bond 

VAL 914a, GLU 

885a, 

ASP 1046a, CYS 

919a 

ILE 915a, VAL 867a, 

VAL 899a, LEU 

889a, CYS 1045a, 

GLY 922a, PHE 

918a 

Pi-Cation 

LYS 868a 

Pi-Sigma 

VAL 916a, LEU 

1035a, LEU 840a 

Pi-Alkyl 

VAL 848a, ALA 

866a, PHE 1047a 

Naringenin -9.17 190.68 nM Conventional 

Hydrogen Bond 

ILE 915a, VAL 867a, 

VAL 899a, CYS 

Pi-Sigma 
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 ALA 866a, 

CYS 919a 

1045a, GLY 922a, 

PHE 918a, PHE 

1047a, GLU 885a 

VAL 916a, LEU 

1035a 

Pi-Alkyl 

VAL 848a, LEU 

840a 

Kaempferide 

 

-8.83 336.03 nM Conventional 

Hydrogen Bond 

GLU 885a, ASP 

1046a 

ILE 1044a, VAL 

914a, VAL 898a, 

LEU 1035a 

Pi-Cation 

LYS 868a 

Pi-Sulfur 

CYS 1045a 

Pi-Pi T-Shaped 

PHE 1047a 

Pi-Alkyl 

HIS 1026a, LEU 

889a, LEU 1019a, 

VAL 889a, VAL 

916a, VAL 848a, 

ALA 866a 

Negletein 

 

-8.25 900.65 nM Conventional 

Hydrogen Bond 

GLU 885a, ASP 

1046a, 

LYS 868a 

ILE 915a, VAL 

867a, CYS 1045a, 

GLY 922a 

Pi-Sigma 

PHE 1047a, VAL 

916a 

Pi-Alkyl 

CYS 919a, PHE 

918a, LEU 1035a, 

LEU 840a, VAL 

914a, VAL 848a, 
ALA 866a 

Apigetrin 

 

-8.88 311.55 nM Conventional 

Hydrogen Bond 

VAL 914a, LYS 

868a, 

GLU 885a 

CYS 1045a, ILE 

915a,  

VAL 867a, GLY 

922a 

Pi-Sigma 

PHE 1047a 

Pi-Alkyl 

CYS 919a, PHE 

918a, LEU 1035a, 

LEU 840a, VAL 

914a, VAL 848a, 

ALA 866a 

(-)-8-

Prenylnaringenin 

 

-10.71 14.04 nM Conventional 

Hydrogen Bond 

VAL 914a, LYS 

868a, 

ILE 1044a 

ILE 915a, GLU 885a, 

GLU 917a, VAL 

867a, VAL 898a, 

PHE 1047a, PHE 

918a, LEU 840a, 

LEU 1019a, ASP 

1046a 

Pi-Cation 

LYS 868a 

Pi-Sigma 

LEU 889a, VAL 

916a, VAL 899a 

Pi-Alkyl 

VAL 848a, CYS 

1045a, CYS 919a, 

ALA 866a, LEU 

1035a 

Based on the molecular docking results of the 

VEGFR-2 receptor, the native ligand and 

cabozantinib as VEGFR-2 inhibitor reference 

drug demonstrated conventional hydrogen 

bonding at the amino acid residue ASP 1046a. This 

type of interaction appeared consistently as the 

primary interaction in 5 out of the 12 compounds 
tested, which is similar to the hydrogen bonding 

that occurs in native ligand and reference drug. 

These findings indicate that conventional 

hydrogen binding at ASP 1046a is a crucial 

interaction for inhibitory activity towards the 

VEGFR-2 receptor, which is in consistent with the 

previous study that identified conventional 

hydrogen binding at ASP 1046a as a determinant 

of VEGFR-2 inhibitory activity [30]. Among all 
flavonoid compounds that has conventional 

hydrogen bond towards ASP 1046a, hesperetin 
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emerged as the most promising candidate for 

VEGFR-2 inhibitor due to its lowest binding 

energy and inhibition constant value which are -

9.57 kcal/mol and 97.00 nM respectively. 

Furthermore, hesperetin demonstrated the highest 

similarity toward native ligand and reference drug 

through 6 similar interactions toward native ligand 

and 4 with the reference drug, as illustrated in Fig. 

3.

 

Table 4. Molecular docking results of S. littoralis Hassk. flavonoid compound against c-MET receptor (PDB ID: 

3ZZE) 

Compound 

Binding 

Energy 

(kcal/mol) 

Inhibition 

Constant 

(Ki) 

Interactions with Amino Acid Residue 

Hydrogen bond Van der Waals Other bond 

Native Ligand -10.24 31.09 nM Conventional 

Hydrogen Bond  

ARG 1208a, ASN 

1209a, PRO 1158a, 

ASP 1222a 

GLY 1085a, ALA 

1221a, ILE 1084a, 

LEU 1140a TYR 

1159a, ASP 1164a, 

ASP 1231a 

Attractive Charge, 

Pi-Cation 

TYR 1230a, ASP 

1222a  

Pi-Pi Stacked 

TYR 1230a  

Alkyl, Pi-Alkyl 

VAL 1092a, ALA 

1226a, LYS 1110a, 

LEU 1157a, ALA 

1108a, MET 1211a, 

MET 1160a  

Crizotinib 

(reference drug) 

-9.68 80.25 nM Conventional 

Hydrogen Bond  

ALA 1226a, ASP 

1231a, ASP 1164a, 

MET 1160a 

Carbon 

Hydrogen Bond 

ARG 1208a  

ASP 1222a, ALA 

1221a, TYR 1230a, 

ASN 1209a, ARG 

1166a, ASN 1167a  

Halogen 

(Fluorine) 

PRO 1158a; TYR 

1159a 

Alkyl, Pi-Alkyl 

VAL 1092a, ILE 

1084a, LYS 1110a, 

LEU 1140a, 

LEU 1157a, ALA 

1108a, MET 1211a 

Catechin 

 

-7.41 3700 nM  Conventional 

Hydrogen Bond 

PRO 1158a, ARG 

1208a, ASN 1209a, 

MET 1160a 

LEU 1157a, ALA 

1226a, ASP 1222a, 

TYR 1230a, ILE 

1084a, TYR 1159a 

Alkyl, Pi-Alkyl 

LEU 1140a, ALA 

1221a, MET 1211a, 

ALA1108a 

Daidzein 

 

-7.20 5290 nM Conventional 

Hydrogen Bond 

ASN 1209a, 

PRO 1158a 

ARG 1208a, ASP 

1164a, TYR 1159a, 

MET 1160a, ASP 

1222a 

Pi-Sulfur 

MET 1211a 

Pi-Pi Stacked 

TYR 1230a 

Pi-Alkyl 

ALA 1108a, LEU 

1140a, LEU 1157a, 

VAL 1092a, ALA 

1221a 

Formononetin 

 

-7.56 2890 nM Conventional 

Hydrogen Bond 

ASP 1231a, ASP 

1222a 

ARG 1166a, ASN 

1167a, LEU 1157a 

Amide-Pi Stacked, 

Pi-Pi Stacked 

TYR 1230a 

Pi-Anion 
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Carbon 

Hydrogen Bond 

 ASN 1209a, 

ASP 1164a 

Pi-Sulfur 

MET 1211a 

Alkyl, Pi-Alkyl 

ALA 1221a, LEU 

1140a, ALA 1226a, 

ARG 1208a 

Glycitein 

 

-7.38 3920 nM Conventional 

Hydrogen Bond 

PRO 1158a, ASN 

1209a 

VAL 1092a, ASP 

1164 a, ARG 1208a, 

ASP 1222a, ALA 

1221a, ALA 1226a, 

LEU 1140a 

Pi-Pi Stacked 

TYR 1230a 

Alkyl, Pi-Alkyl 

ILE 1084a, ALA 

1108a, MET 1211a, 

TYR 1159a, MET 

1160a, LEU 1157a 

Luteolin 

 

-7.30 4430 nM Conventional 

Hydrogen Bond 

PRO 1158a, MET 

1160a, 

ASP 1164a 

Carbon 

Hydrogen Bond 

 GLY 1085a 

ARG 1086a, GLY 

1163a, TYR 1159a, 

LEU 1157a, LEU 

1140a 

Pi-Sigma 

ILE 1084a 

Pi-Pi T-Shaped 

TYR 1230a 

Pi-Alkyl 

VAL 1092a, MET 

1211a 

ALA 1108a 

Unfavorable 

Donor-Donor 

ASN 1167a 

Apigenin 

 

-7.34 4140 nM Conventional 

Hydrogen Bond 

ASN 1209a, PRO 

1158a 

ASP 1164a, ASP 

1222a, ARG 1208a, 

TYR 1159a 

Pi-Pi Stacked, Pi-

Pi T-shaped 

TYR 1230a 

Pi-Alkyl 

ALA 1221a, LEU 

1157a, ALA 1108a, 

MET 1160a  

LEU 1140a, MET 

1211a, ALA 1226a 

Hesperetin 

 

-7.36 4000 nM Conventional 

Hydrogen Bond 

TYR 1230a, ASP 

1222a, ILE 1084a 

ASP 1231a, ARG 

1086a, GLY 1085a, 

VAL 1092a, LYS 

1110a, LEU 1157a 

Pi-Pi Stacked 

TYR 1230a 

Alkyl, Pi-Alkyl 

ALA 1226a, LEU 

1140a, ALA 1221a, 

MET 1211a 

Naringenin 

 

-7.32 4340 nM Conventional 

Hydrogen Bond 

ALA 1226a, ASP 

1222a, TYR 1230a, 

ILE 1084a 

GLY 1085a, ASP 

1231a, ARG 1086a, 

VAL 1092a, LEU 

1140a, PHE 1223.a 

Pi-Pi Stacked 

TYR 1230a 

Pi-Alkyl 

MET 1211a, ALA 

1221a 

Unfavorable 

Donor-Donor 

TYR 1230a 

Kaempferide 

 

-7.54 2960 nM Conventional 

Hydrogen Bond 

ASP 1222a, ALA 

1226a, PRO 1158a 

TYR 1159a, ASP 

1164a, ASP 1231a, 

ASN 1209a 

Pi-Pi Stacked, Pi-

Pi T-shaped 

TYR 1230a 

Alkyl, Pi-Alkyl 

ARG 1208a, LEU 

1157a, MET 1160a, 
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LEU 1140a, ALA 

1108a, ALA 1221a, 

MET 1211a 

Negletein 

 

-7.40 3760 nM Conventional 

Hydrogen Bond 

ASP 1222a, PRO 

1158a 

ASP 1164a, VAL 

1092a, LEU 1157a, 

ALA 1226a, ASN 

1209a, ARG 1208a 

Pi-Pi Stacked 

TYR 1230a 

Alkyl, Pi-Alkyl 

ALA 1221a, MET 

1211a, MET 1160a, 

TYR 1159a, ILE 

1084a, ALA 1108a, 

LEU 1140a 

Apigetrin 

 

-9.43 122.94 nM Conventional 

Hydrogen Bond 

ASP 1231a, MET 

1160a, PRO 1158a 

ASN 1167a, ASN 

1209a, ASP 1222a, 

LYS 1110a, LEU 

1157a, ALA 1226a, 

LEU 1140a, ALA 

1108a, TYR 1159a, 

ILE 1084a, VAL 

1092a 

Pi-Anion 

ASP 1164a 

Pi-Sulfur 

MET 1211a 

Pi-Pi Stacked 

TYR 1230a 

Pi-Alkyl 

ALA 1221a, ARG 

1208a 

(-)-8-

Prenylnaringenin 

 

-8.50 585.41 nM Conventional 

Hydrogen Bond 

TYR 1230a, PRO 

1158a, MET 1160a, 

ARG 1086a 

ASN 1209a, ASP 

1222a, LEU 1140a, 

TYR 1159a, ILE 

1084a 

Pi-Sigma 

TYR 1230a, GLY 

1085a 

Alkyl, Pi-Alkyl 

ALA 1221a, ALA 
1226a, MET 1211a, 

ALA 1108a, LEU 

1157a, VAL 1092a 

The molecular docking results of the c-MET 

receptor revealed that crizotinib, as the c-MET 

inhibitor reference drug, exhibited a conventional 

hydrogen bond at MET 1160a, which is a critical 

interaction that is necessary for the inhibitory 

activity of c-MET [31]. This specific interaction 

was seen in four flavonoid compounds, such as 

catechin, luteolin, apigetrin, and (-)-8-

prenylnaringenin. Among the flavonoid 

compounds that form conventional hydrogen 

bonds with MET 1160a, apigetrin was identified as 

the most potent c-MET inhibitor since it 

demonstrated the lowest binding energy compared 

to the other flavonoid compounds, with the value 

of -9.43 kcal/mol, which was close to crizotinib 

binding energy (-9.68 kcal/mol). 

Despite its larger size, apigetrin binds well to 

the c-MET receptor. This affinity can be attributed 

to the glucose moiety, which does not hinder 

binding but instead contributes additional 

stabilizing interactions. The attached β-D-

glucopyranosyl unit provides extra anchoring 

points by forming hydrogen bonds with residues 

such as ASP 1231a and PRO 1158a, thereby 

compensating for its steric bulk. These additional 

polar contacts enhance enthalpic stabilization, 

explaining why apigetrin displays a more 

favorable binding energy [32,33]. 

Moreover, apigetrin as presented in Fig 3 also 

shared 5 similar interactions with the native ligand 

and reference drug while exhibiting the lowest 

inhibition constant with the value of 122.94 nM. 

Although the flavonoid compounds of 

bajakah tampala stem (S. littoralis Hassk.) 

demonstrated their potential as VEGFR-2 and c-

MET inhibitor, further studies are warranted. 

Molecular dynamics simulations should be 

conducted to evaluate hesperetin-VEGFR-2 and 

apigetrin-c-MET complexes' stability using 

parameters such as RMSD, RMSF, SASA, 

hydrogen bonding, and binding free energy 

calculation to strengthen interaction reliability. 

Furthermore, comprehensive in vitro and in vivo 

studies focusing on VEGFR-2 and c-MET are 

necessary. Lastly, pharmacodynamic evaluations 

and toxicity assessments are essential to confirm 

both efficacy and safety before therapeutic 

application.  
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Figure 3. Visualization of 2D and 3D interactions (a) interaction of hesperetin on VEGFR-2 (PDB ID: 2P2I) (b) 

interaction of apigetrin on c-MET (PDB ID: 3ZZE) 

 

4 Conclusion 

In silico analysis of flavonoid compounds 

from bajakah tampala stem (S. littoralis Hassk.) 

revealed hesperetin and apigetrin as the most 

favorable predicted binding affinities toward 

VEGFR-2 and c-MET. Hesperetin has a high 

affinity for the VEGFR-2 receptor with a binding 

energy of -9.57 kcal/mol and an inhibition 

constant of 97.00 nM, while apigetrin exhibited 

the highest affinity toward c-MET receptor with a 

binding energy of -9.43 kcal/mol and an inhibition 

constant value of 122.94 nM. Despite their 

promising binding affinities, the ADMET 

predictions revealed notable safety liabilities, 

including mutagenicity and potential 

carcinogenicity. These risks highlight the need for 

further experimental validation before considering 

any therapeutic development. 
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