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Abstract:  
 

Antineoplastic agents are generally the drugs used to recess or prevent tumor growth 

which is promoted in many cases by certain factors like vascular endothelial growth 

factor-2 (VEGFR-2) and cyclooxygenase-2 (COX-2). These two factors seem important 

in angiogenesis and lymphangiogenesis in fetal, normal and neoplastic tissue. Prevention 

of VEGF family of proteins and COX-2 enzyme is a good strategy to inhibit the growth 

of tumor tissue eventually may give rise to recession. In this study, three potentially active 

and an active ligand were tested for their binding properties to two target molecules 

mentioned above by molecular docking study. This research is aimed to compare three 

different molecules according to their binding affinities, binding energies and the nature 

of bonds formed between the ligand and the target molecules. Showing the 3D structures 

will localize the fitted ligands on proteins and the possible hydrogen bonds formed were 

defined. Among the three proposed ligands, Ligand 1 showed the closest results to the 

commercial product lenalidomide®. All three ligands showed similar ∆G values and 

fitness scores with lenalidomide® which is an indicator of good fit, proximity and 

orientation with the target molecule. 

 

1. Introduction 
 

Specific binding modes of ligands to the target 

molecules are one of the major concerns of 

pharmacology today. To understand the properties of 

these couples of ligand protein complexes in term of 

proximity and orientation would help the researchers 

to construct a pattern of molecular interaction. A 

scorable fitness related to the binding energy, length, 

type, number, strength and the localization of the 

bonds and other intermolecular interactions would 

make a great contribution to drug design studies [1]. 

Molecular docking is essentially the study of 

intermolecular interaction that has become an 

important component of computer aided drug design 

process [2-4]. In these aspects, molecular docking is 

an important pre-study for the elimination of 

candidate molecules. Antineoplastic agents are 

generally the drugs used to recess or prevent tumor 

growth which is promoted in many cases by certain 

factors like vascular endothelial growth factor-2 

(VEGFR-2) and cyclooxygenase-2 (COX-2). These 

two factors seem important in angiogenesis and 

lymphangiogenesis in fetal, normal and neoplastic 

tissue. Prevention of VEGF family of proteins and 

cyclooxygenase-2 enzyme is a good strategy to 

inhibit the growth of tumor tissue eventually may 

give rise to recession [5-8]. In this study, three 

previously synthesized [9-11] potentially active 

ligands were tested for their binding properties to 

two synergistically active target molecules 

(VEGFR-2 and COX-2) by molecular docking 

study. It is aimed to compare three different 

molecules according to their binding affinities, 

binding energies and the nature of bonds formed 

between the ligand and the target molecules. 

Showing the 3D structures will localize the fitted 

ligands on proteins and the possible hydrogen bonds 

formed will be defined. The data obtained were 

compared to an active compound lenalidomide®, 

found in the market, as an anti-angiogenic factor.  
 

2. Material and Methods 

 
Molecular docking studies were performed on 

SwissDock web server using EADock DSS 

http://dergipark.org.tr/en/pub/ijcesen
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algorithm [12]. High resolution crystal structures of 

VEGFR-2 (PDB ID: 2XIR) and COX-2 (PDB 

ID:1CX2) were obtained from protein data bank. 

The GaussView 5.0.9 program was used to visualize 

the optimized geometries of the ligands [13]. All 

graphical data obtained from the molecular docking 

studies were visualized using UCSF Chimera 

software [14]. 

 

3. Results and Discussions 
 

Previously synthesized three ligands were studied 

for molecular docking properties. The three ligands 

share a common structural similarity of having a 

backbone composed of a biphenyl, a keto and an 

oxime group as shown in Figure 1. This study based 

on the determination of the effects of functional 

amine groups attached to identical structures for 

comparison of their docking behaviors. The design 

of the ligands primarily based on the conformational 

stability of the overall molecule and reactivity of the 

functional groups. In order to start molecular 

docking, candidate molecules were optimized by 

molecular mechanics for reaching the minimal 

energy levels. The 3D structures of the target 

proteins were checked and removed for unwanted 

groups like water molecules and co-crystallized 

structures which may interfere with docking. Than 

Gastegier charges were assigned and polar 

hydrogens were added as in a routine preparation 

process. Table 1 shows the overall data obtained 

from molecular docking studies. All three ligands 

bonded to the targets spontaneously. Binding 

energies of Ligands 1, 2 and 3 with VEGFR-2 were 

Ligand 1 > Ligand 2 > Ligand 3 > lenalidomide® 

from higher to lower, respectively (with omitted 

minus sign). All ligands showed a higher binding 

energy (∆G) compared to commercial agent. Ligand 

1 and lenalidomide® formed a hydrogen bond while 

Ligand 2 and 3 formed 2 hydrogen bonds with the 

target which suits with the binding energies.  

Another important parameter for molecular docking 

is the full fitness score for ligand-VEGFR-2 couples 

studied. Obtained fitness scores were directly 

proportional with the ∆G values of the couples. In 

addition to the binding energies, total energy of the 

formed ligand- protein couples indicates the stability 

of the formed molecule. Lenalidomide®-VEGFR-2 

couple formed the most stable molecule with the 

lowest molecular energy. Secondly, the Ligand 1 and 

both proteins had four times the lowest molecular 

energy compared to other ligands. Therefore, the 

stability of the ligand- protein couples from the most 

stable to the least were like lenalidomide® > Ligand 

1 > Ligand 2 > Ligand 3. As can be seen from the 

space-filled views in Figure 2; Ligand 1 fits the 

 
Figure 1. Optimized structures of Ligands 1, 2, 3 and 

lenalidomide®.  

VEGFR-2 protein with a higher proximity and 

orientation, which is in accordance with the full-

fitness score, ∆G value and total energy of the 

Ligand 1-protein couple. In the larger views of 

ribbon graphics of three ligands  (second row from 

the left) formed H bonds (in orange color) also can 

be seen which is one for Ligand 1 and two for Ligand 

2 and 3. In Figure 3 Ligand 1, 2, 3- COX-2 

complexes can be seen. One H bond was formed 

between the Ligand 1, 2 and COX-2 while two H 

bonds were formed between Ligand 3 and COX-2. 

The H bonds contribute a lot to the stability of 

proteins and other macromolecules, but there seems 

no correlation between the fitness scores, ∆G values, 

energy of the couples and the number of H bonds for 

this study. Proximity may be the determining factor 

which is directly depended on the 3D shape of the 

ligand and the protein site it was plugged in. Ligand 

2 and 3 are structurally similar only differing in Cl 

on phenyl group of Ligand 2 was replaced by a 

methyl group in Ligand 3 while the Ligand 1 bears a 

furan group attached to the amine group. Three 

ligands are similar in structure bearing a biphenyl, a 

carbonyl, an oxime and the amine group. The 

similarities are strongly correlated to the energy data 

obtained. Ligand 2 and 3 have closer total energy 

(39.51 and 38.81 kcal/mol, respectively) compared 

to Ligand 1 (10.59 kcal/mol) which carries a furan 

group attached to amine while others carry a phenyl 

group. The phenyl and furan replacement after the 

amine group causes a big difference in the energy of 

the Ligands 2 and 3 which was about four times 

higher than the energy of Ligand 1. It is also the same 

for VEGFR-2 and ligand couples. The H bonds were 

formed between the same amino acids and the 

functional groups (Arg 44-N-H and Glu 465-C=O) 

of COX-2 with the same functional groups (C=O and 

Oxime-H) of the three ligands which accurately 
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Table 1. Molecular docking numerical data of Ligands 1, 2, 3 with VEGFR-2 and COX-2 

Target 

protein 
Ligand 

∆G 

(kcal/mol) 

Full fitness score 

(kcal/mol) 

Energy 

(kcal/mol) 

H-bond location 

(Target&Ligand) 

H-bond 

length (Å) 

VEGFR-

2 (2XIR) 

Ligand 1 -8.33 -1573.17 10.27 Asp 174-N-H & Furan-O 2.48 

Ligand 2 -8.20 -1544.39 44.92 
Asp 174-C=O &  -NH 1.97 

Arg 155-NH & C=O 2.26 

Ligand 3 -7.70 -1537.76 47.29 

Asp 174-C=O & Phenyl-
OH 2.07 

Arg 155-NH & C=O 1.98 

Lenalidomide® -7.02 -1629.29 3.43 
Serine 154-C=O & 

Isoindole-NH 2.13 

COX-2 

(1CX2) 

Ligand 1 -9.10 -2387.39 10.59 Arg 44-N-H & C=O 2.03 

Ligand 2 -9.62 -2360.63 39.51 
Glu 465-C=O & Oxime-

H 1.90 

Ligand 3 -9.22 -2359.39 38.81 

Arg 44-N-H & C=O 2.49 

Glu 465-C=O & Oxime-
H 1.83 

 

 

 

 

Figure 2. Ligand 1, 2, 3-VEGFR-2 complexes (from top to bottom). Ribbon (left) and space filled (right) demonstration 

with closer views.  
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Figure 3. Molecular docking visuals of complexes of Ligand 1, 2, 3 with (COX-2) enzyme  

(from left to right) with closer views just below. 

 

 

Figure 4. Lenalidomide®-2XIR complex. Ribbon (left) and space filled (right) demonstration with closer looks. 

 
indicates that these three ligands were docked to the 

same site in COX-2. This is also valid for VEGFR-2 

ligand complexes.  Lenalidomide®-2XIR 

interactions can be seen in Figure 4. The ribbon 

shape demonstration shows the location of H bond 

while the space-filled figures shows the placement 

of the active ligand to the groove on the 2XIR 

protein. Potentiality of the three ligands were 

compared with the active drug lenalidomide® by 

molecular docking study which is a good indicator 

for a candidate molecule. 

 

4. Conclusion 

 
Comparison of the commercial product 

lenalidomide® with the three ligand by molecular 

docking data provide us information about the 

interaction status of our molecules with the target 

proteins. The ∆G values and fitness scores are close 

while the energy of lenalidomide® is much lower 

(3.43 kcal/mol) than the proposed ligands (10.27, 

44.92 and 47.29 kcal/mol, respectively). It is about 

three times lower than the Ligand 1 and about 13 

times lower than Ligand 2 and 3. This shows us that 

the commercial product is much more stable than the 

Ligand 1, 2 and 3. Stability is an important factor for 

a binding molecule which supposed to inhibit the 

target protein. However, the other indicators like ∆G 

and fitness scores are also important for the 

potentiality of the ligand synthesized. In this study, 

the Ligand 1 has the closest data to lenalidomide® 

which may be evaluated as a potential agent. For 

various reasons, new agents have been synthesized, 

characterized and tested for their binding behaviors. 

As a further research, these three ligands may be 

evaluated and processed for phase studies. 
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