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Abstract:Cancer is the 2nd leading cause of death in humans. Proteine.g. tyrosine kinaseleads to cancer when 

become constitutively active due to mutation. So there is a need to develop tyrosine kinase inhibitors to avoid 

cancer.In the present study the problem of designing an anticancer drug with more efficacies was solved by 

using computer aided drug designing (CADD). Antioxidants were used as tyrosine kinase inhibitors. Molecular 

docking studies of antioxidants belonging from different classes were carried out with human target protein 

having pdbid:2HCK in order to find out the most active antioxidant drug having high inhibitory activity in 

cancer.Docking of 36 selected ligands, comprised of active drugs for cancer and compounds having anticancer 
activity, was done with the active site of protein 2HCK and a lead compound was recognized on the basis of 

hydrogen bonding, hydrophobic and ionic interactions. Three analogues of the lead compound were designed to 

enhance its activity against cancer. Analogues were docked with protein 2HCK and their interactions showed 

that they could possess good inhibitory activity against cancer with suitable drug-like properties as compared to 

other active drugs for cancer and therefore could be recommended for further studies. 
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I. Introduction 
Antioxidants are the bioactive chemical compounds which are highly important to fight against 

oxidative stress which is responsible for various diseases including cancer. Oxidative stress produces due to the 

accumulation of free radicals. Free radicals interfere with different process in the body by destroying proteins, 

lipids and DNA sugars etc[1]. Antioxidant fight against oxidative stress by neutralizing the effect of free 

radicals produce during the process of respiration as a by-product of oxygen metabolism and thus can play 

important role in preventing many life threatening diseases. Antioxidant helps in neutralizing the free radicals 

before they do harm to our body antioxidant system includes different enzymes such as superoxide dismutase, 

glutathione reductase, glutathioneperoxidase, S-methyl transferase and catalase. Small molecule antioxidants 

such as ascorbate, glutathione, tocopherol, carotenoids, polyphenols, alkaloids and some other compounds are 

also important cellular antioxidants [2]. 

Tyrosine kinases are a family of proteins involved in the transduction of growth factor signals to the 

nucleus and are located in or near the cell membrane.Tyrosine kinases catalyze the phosphorylation of tyrosine 

residues in proteins. The phosphorylation of tyrosine residues then causes a change in the function of the protein 
in which they are present in. Due to mutations some tyrosine kinases become constitutively active and nonstop 

functional state which can result in cancer[3]. 

Querecetin is an antioxidant compound also used as tyrosine kinase inhibitor. But quercetin appears to 

be associated with side effects when administered orally and intravenously[4]for example, it may cause kidney 

failure, gastrointestinal complaints, allergic skin reactions, and increase the risk of kernicterus (brain damage 

due to severe jaundice) in newborns,mouth sores, headaches, and digestive upset are also the possible side 

effects of taking quercetin[5]. There is a need to develop more antioxidant drugs which are more specific and 

significantly fewer side effects, can bind with tyrosine kinase, and inhibits its hyper activity which is one of the 

reasons for cancer formation. 

The studies have been carried out in order to identify effective, selective and efficient anticancerous 

antioxidant Lead compound and its analogues. In short, this work reveals that the current bioinformatics tools 
used strategically can lead to the discovery of potential Lead compounds and their analogues that can inhibit the 

process of cancer formation. In current study molecular docking has been carried out on different antioxidants 

with the aim of identifying their anticancer activity in Human tyrosine kinase binding and inhibition. 

ChemDraw [6], AutodockVina[7] and visual molecular dynamics (VMD) [8] were used for studying molecular 

docking and ligand–protein interactions, respectively.  
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II. Methodology 

1.1. Target selection 
Identifying and selecting the most appropriate drug target or receptor is the key step in drug 

designing.Bioinformatics tools can be used to identify the required target. For a drug target to be ideal it must be 

specifically linked to the human disease. Inpresent study protein having pdb id: 2hck shown in  

Fig.1 is used. 

 
 

 

 

 

 

Figure 1.Crystal structure of hematopoietic cell kinase (HCK) quercetin complex. 

 

1.2. Ligand selection 
Various antioxidant tyrosine kinase inhibitors have been identified and selected in this study. The data 

set consisted of 36 antioxidant ligands(A1-A36) have drug like properties against cancer.Ligands were drawn by 

using ChemDraw. All the ligands were selected on the bases of clearance from 2,2-Diphenyl-1-Picrylhydrazyl 

(DPPH) bioassayand the IC50 of all the ligands should lie under 100 μM. Structures and IC50 values of these 36 

compounds along with the standard compound Quercetin (A11) are shown in Table 1 [1, 2, 9-14]. 

 

Table 1.  Chemical structures and IC50 values of selected compounds 
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1.3. Molecular docking 
In molecular docking the ligand and the target protein are two important ingredients. In order to 

perform docking a specific target protein was chosen for antioxidant compounds. Tyrosine kinase (pdb id: 

2HCK) was identified as protein target for current studies. Pdb file 2HCK was obtained from the protein data 

bank (rscb.org).AutodockVina was used for docking in this study. AutodockVina is the latest version of 

Autodock it provides speed and accuracy and it accepts the ligand and the target protein in pdb format. The pdb 

files of the macromolecule 2HCK and ligand were placed in a newly made folder. The pdb file of the 
macromolecule (protein) was given as an input to the software.  Protein was colored after that polar hydrogen’s 

were added to it. This macromolecule was then saved as grid output file with .pdbqt extension. Then in grid box 

different values were set according to the active site of protein. After this ligand pdb file was taken as an input 

and its torsions were calculated this ligand file was also saved with .pdbqt extension. Another file of .txt 

extension was made in which receptor and ligand names and there location of binding at x y and z axis with 

each other were set. The.txt file was used in command prompt as an input file and command prompt itself 

generates an output log file with .txt extension according to the given input file. After generating log.txt file 

different docking conformations were obtained. The conformation having lowest energy of all the compounds 

was chosen to find out the interactions with target protein. This previously mentioned procedure of docking was 

done on all compounds. 

The ligand–protein interactions were predicted using Visual Molecular Dynamics (VMD). The most 

active antioxidant tyrosine kinase inhibitor was identified after the detailed analysis of ligand-protein 
interactions. Binding interactions of all compounds were observed and then the compound showing best 

interactions among all was selected as Lead. Lead designing is the most crucial step in drug designing and 

discovery. 

 

1.4. Analogue designing 
After the identification of Lead compound three structural analogues of the Lead were made by 

introduction or elimination of various functional groups in the Lead compound. Docking was performed on 

these analogues and their interactions with protein were identified. 
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III. Results 

1.5. Molecular docking 
The binding interactions of the actively docked conformations of the ligands and the target protein have 

been identified and marked using VMD. Checking one by one all amino acids within 5 A° of the active site of 

the target protein, the important binding interactions were identified. The identified interactions in all 36 

compounds including the standard one include the hydrophobic interactions and hydrogen bonding. The binding 

interactions of all ligands have been analyzed. Five compounds have been identified as the most active from the 

set of given ligands A7, A12, A15, A25 and A33. These ligands have shown strong hydrogen bonding and 

hydrophobic interactions with the target protein than the rest of the ligands. Along with their strong interactions, 
the IC50 values of them are lower which is the positive sign towards their being the active ones. These three 

active ligands along with their interactions and IC50 values are shown in Table 2. From the table it is clear that 

the number of hydrogen bonds in ligands A7, A12, A15, A25 and A32 are 8,4,6,5 and 4 respectively, and the 

hydrophobic interactions are 2,1,2,2 and 2 respectively and additionally compounds A7 and A12 both showed 2 

Vander Waal interactions as well. The lead compound has been identified from the 5 most active compounds, 

after analyzing them on the basis of their interactions and IC50 values. Among them ligand A7 has been 

identified as the lead compound. The strong ligand–protein interactions, which include 8hydrogen bonds and 2 

hydrophobic interactions and 2 Vander Waal interactions is shown in Fig. 2 and the low IC50 amongst the five 

proved it to be the most active one. The interactions shown in Fig. 2, highlights the important amino acids of the 

target protein pocket and the atoms of the ligand. Fig. 2 also shows the bonding distances of the ligand with 

target protein. Compound A7 consisted of 8 hydrogen bonds i.e. hydrogen bond with amino acid SER247 with a 

distance of 3.56 amino acids TYR136, LYS151, VAL137, TYR90, GLU147, TYR90 and VAL137  with the  
distances  of 3.41,2.88, 3.27 , 2.76, 3.84, 3.94 and 3.15A0 respectively, A7 consisted of two hydrophobic 

interactions with amino acid LEU89 and GLU144 with the distance of 3.64 and 3.85A0 respectively and two 

hydrophobic interactions with amino acids PHE150 and TYR90 with the distance of 3.52 and 3.78A0 and 

respectively. 

The interactions of the standard compound have also been identified and are shown in Fig. 3. The 

binding interactions of Quercetin include 4 hydrogen bonds, 2 hydrophobic interactions and 1 Vander Waal 

interaction. The hydrogen bonds include O GLU117 at a distance of 2.96, N of GLU117 at a distance of 2.97, O 

of GLN318 at a distance of 3.72 and N of GLN318 at a distance of 3.13with the standard compound. 

Hydrophobic interactions include C of LYS257 at a distance of 3.96 and C of HIS326 at a distance of 3.68 with 

standard compound. Vander Waal interaction is between hydrophobic rings of ligand with hydrophobic ring 

containing amino acid TRP254 of active site at a distance of 3.42.  
The binding interactions of the standard Quercetin A11 are very much close to the identified lead 

compound infact the number of interactions showed by lead compound are more than the standard compound 

and the IC50 of A7 is also lower than the A11. This gives stronger evidence that the identified lead compound 

has high efficacy and has great potential to be a drug. 

 

Table 2.  Five active ligands 
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Figure 2. Binding interactions of Lead compound with target 2HCK 

 

 

 

 

 

 

 

 
 

 

 

Figure 3. Binding interactions of Quercetin with target 2HCK 

 

 

 

1.6. Analogues of lead  
Three structural analogues of the lead compound have been designed. Keeping in view the chemical 

structure of the lead compound, i.e., the hydrophobic features, HBD’s, HBA’s, the analogues have been 

developed. The analogues of the lead have been shown in Fig. 4. The analogues have been developed by the 

introduction or elimination of various groups. In the present study new analogues were formed by clammenson 

reduction, acetylene formation and ester formation. The first analogue oflead has been made by reducing 

ketones into hydrocarbon so in this way hydrophobic character has been increased.In acetylene formation 

double bonded hydrogen has been replaced by triple bond in order to increase the hydrophobicity of the 

compound. In case of third analogue OH group has been replaced by an ester in order to increase the polarity of 

the compound. 

Docking of the analogues through AutodockVina has been performed in order to get the active 

conformations of the analogues. The interactions of the active conformations of each of the analogue bound into 

the active site of the protein have been obtained using VMD. The interactions of the analogues with the protein 
have been shown in Table 3. On the basis of the interactions the analogues have been ranked for being the active 

ligands. Analogue 2 amongst the all is most active one so it is given the first rank, while second rank has been 

given to analogue 1, and third to analogue 3.The hydrogen bonds identified in  analogues 1,2 and 3 are 4,7 and 2 

in number, respectively, the hydrophobic interactions are 4,2and 0 respectively and the Vander Waal 

interactions are2, 3and 0 respectively. The binding interactions of the most active analogue have been shown, in 

its docked conformation in Fig. 5. Analogues like the lead compound showed high number of binding 

interactions. This suggests that the designed analogues are also active like the lead compound.An active 

antioxidant acting as tyrosine kinase inhibitor has been identified as a lead compound and three active novel 

analogues have been made which after their analysis are being proposed for clinical trials along with the lead 

compound for the treatment of Human Cancers caused by the disruption of tyrosine kinase. 

 
Figure 4. Analogues of lead compound 
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Table 3.Binding interactions of analogues of lead compound 

 
 

 
Figure 5.Binding interactions of second analogue with target 2HCK 

 

IV. Conclusion 
The current study was aimed at finding novel antioxidant molecules as tyrosine kinase inhibitors, hence 

as anticancer inhibitors.In this study various intermolecular interactions between target protein binding site of 

2HCK and different antioxidant compounds were observed. The purpose of this study was to evaluate 

therapeutic applications of antioxidants in cancer through molecular docking. The study identified an 

antioxidant Lead compound working as tyrosine kinase inhibitor, hence working as anticancer drug. The active 

novel analogues of the lead compound were also suggested for their anticancerous activity like the lead 

compound. 
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