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INTRODUCTION: 
Cancer is a major public health issue in the United States 
and other regions of the world. One in four deaths in the 
United States is due to lethal cancer types observed in 
human population. In this study our immediate focus is to 
develop a clinically valid potent inhibitor for non small 
cell lung cancer, the most dominant lung cancer type 
effecting 85-90% of peoples with lung cancer. The 
Epidermal Growth Factor Receptor (erbB1) one among 
the receptor tyrosine kinase family [EGFR (ErbB-1/HER1), 
ErbB-2 (HER2), ErbB-3 (HER3) and ErbB-4 (HER4)] is 
involved in various fundamental cellular functions like cell 
proliferation, differentiation, metastasis and survival1. 
EGFR is expressed in tumors like prostrate, breast, lung, 
head and neck cancer2. EGFR is expressed in all types of 
cell, activation in non-cancer cell types that are involved 
in cell growth and proliferation might lead to tumor 
progression3. The tyrosine kinase family consisting of four 
receptors structurally possesses an extra cellular ligand-
binding domain, a transmembrane domain and an 

intracellular domain with tyrosine kinase activity4. The 
binding of epidermal growth factor (EGF) or transforming 
growth factor α (TGFα) to EGFR leads to receptor-linked 
tyrosine kinase activation causing various effects like cell 
differentiation, apoptosis inhibition, maturation, 
metastasis, migration and angiogenesis5,6. The 
compounds inhibiting the tyrosine kinase activity of EGFR 
after binding to EGF and hence regulating the cellular 
signal transduction has evolved as anticancer therapeutic 
agents. Among the four major classes of anti-EFGR 
agents, tyrosine kinase inhibitors (TKIs) gefitinib, erlotinib 
and lapatinib which are 4-anilinoquinazoline derivatives 
have been clinically approved7. In the year of 2008-2009, 
compounds such as thienopyrimidine, thiazolo [4,5-d] 
pyrimidine, arylaminopyrimidine, pyrazolo [3, 4-d] 
pyrimidine, and pyrrolotriazine derivatives were studied 
as anti-EFGR agents 8,9,10,11,12,13. Even though these 
molecules served the purpose they also had adverse side 
effects with majority of people. Designing novel and 
potent EGFR tyrosine kinase inhibitors is believed to be a 
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promising approach for anticancer therapy and it is the 
heart of this study.  
MATERIALS AND METHODS: 
Our approach basically dwells with Contemporary drug 
discovery approach, ligand based design of the drug 
molecules are theoretically experimented and validated 
using schemes namely pharmacophore modeling, 3D-
QSAR, virtual screening by PHASE. PHASE is a versatile 
solution for pharmacophore perception, structural 
alignment, activity prediction and three dimensional high 
throughput screening. The data set of 36 N-benzyl-N-(X-2-
hydroxybenzyl)-N0-phenylureas and thioureas derivatives 
were obtained from literature14. The 2D chemical 
structures of N-benzyl-N-(X-2-hydroxybenzyl)-N0-
phenylureas and thioureas derivatives were sketched 
using Chem Draw15. The biological activity of all of the 
compounds was converted into pIC50 by taking negative 
logarithm of IC50. The ligands were prepared using 
Ligprep application of Schrodinger suite where in the 
ligands geometry were converted to 3D structure, 
optimized and conformation states were generated by 
incorporated Epik module. The optimization parameters 
were set as; OPLS-2005 force field for the torsional search 
method sampling, distance-dependent dielectric solvent 
model, pre-minimization for  maximum of 50 steps and 
post-minimization for maximum of 100 steps. Conformers 
with a maximum energy difference of 10 kcal/mol relative 
to the global energy minimum conformer were 
obtained16,17,18.  Activity threshold valve was set forth to 
an extent, 6.500 are of most active agents, and 5.000 are 
of inactive in nature. The set of compounds remaining are 
of moderately active were listed in the table 1 and it 
paves way for the generation common pharmacophore 
hypothesis. Further the Pharmacophore sites generated 
based on PHASE, in-built six features, namely hydrogen 
bond acceptor (A), hydrogen bond donor (D), 
hydrophobic group (H), negatively charged group (N), 
positively charged group (P) and aromatic ring (R) were 
defined by a set of chemical structure patterns with using 
SMARTS queries. The common pharmacophore 
hypothesis (CPH) was predicted from a set of variants 
using a tree-based partition algorithm with a maximum 
tree depth of 5. The final size of the pharmacophore box 
that governs the tolerance on matching was 1Å. After 
creating the sites, a set of 2 active compounds was used 
for scoring the CPHs. The threshold for the root mean 
square deviation (RMSD) of 2 Å was applied for the inter-

site distances. The atom based 3D QSAR models were 
generated by applying the maximum of five partial least 
square (PLS) factors. A rectangular grid with spacing of 
1.0 Å was defined to encompass the space occupied by 
the aligned training set molecules19, 20. Each of these 
models was validated using a test set of eight molecules 
that were not considered during model generation. 
Pharmacophore from all conformations of the two most 
active compounds were examined, and those that 
contained identical sets of features with similar spatial 
arrangements were grouped together. Based on the 
pharmacophoric sites, the number of sites can be set to 
any value between 4 and 7 survival score and molecule 
having best survival score is chosen. 
To most comprehensive docking method, Glide is 
adopted to find the binding mode prediction between the 
crystal structure, retrieved from protein data bank (PDB 
ID: 1M17)21 and ligand molecule examined for drug-like 
properties that are clinically acceptable. Pre-process 
before docking essentially includes adding hydrogen 
atom, deleting unwanted water molecule, and removing 
the co-crystal ligand and correspondingly energy 
minimization of the protein structure was done till it hits 
0.30Å cut off value, by the dint of protein preparation 
panel of Schrodinger suite22. Gathering of active residues 
found in the protein were done with highlighting 
information acquired through previous literature. The 
residue involved in hydrogen bond interaction is MET 
769, apart from that MET 769 and LEU 768 are involved in 
pi-pi interaction and pi – cation interaction respectively. 
Hydrophobic interactions were observed in the residues 
namely LEU 820, GLY 772, and LEU 694. It is often 
challenging for a theoretical biologist to end up with 
accurate force field patterns for docking the two 
molecules in a prescribed grid space. OPLS 2005 was used 
for this computational job, and the grid enclosing box was 
structured theoretically in a way it is totally centered 
towards the co-crystal ligand. To achieve the accuracy in 
the molecular docking, Extra Precision (XP) is chosen and 
results were highly promising to pick the novel small 
molecule with competitive biological properties with 
varied scaffold steric spots23. Just like a knock out, the 
pharmacophore with fewer features is pushed from large 
set of molecules 2, 64,000 curated small molecule 
databases ZINC based on fitness score24. The compounds 
with ideal properties to come under the roof of Lipinski 
Rule of Five were further screened by docking method 25.
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Table1: Data set used for 3D-QSAR analysis with actual and predicted activities. 
 

Compound R1 R2 R3 IC50 (µM) Actual pIC50 Predicted pIC50 
1a H Cl F 1.98 5.703 5.51 
2a H Br F 2.24 5.649 5.63 
3a H Me F 21.71 4.663 4.64 
4a Cl Cl F 4.15 5.381 5.4 
5a Br Br F 4.68 5.329 5.34 
6a Me Me F 27.35 4.563 4.63 
7a H Cl OH 0.96 6.017 6 
8a H Br OH 1.07 5.97 5.94 
9a H Me OH 7.51 5.124 5.17 

10a Cl Cl OH 1.86 5.73 5.85 
11a Br Br OH 1.12 5.95 5.88 
12a Me Me OH 9.26 5.033 4.87 
13a H Cl - 32.12 4.493 4.63 
14a H Br - 36.88 4.433 4.64 
15a H Me - <50 4.301 4.32 
16a Cl Cl - <50 4.301 4.4 
17a Br Br - <50 4.301 4.41 
18a Me Me - <50 4.301 4.05 
1b H Cl F 0.67 6.173 6.07 
2b H Br F 0.98 6.008 6.05 
3b H Me F 8.54 5.068 5.01 
4b Cl Cl F 1.34 5.872 5.5 
5b Br Br F 1.76 5.754 5.71 
6b Me Me F 19.41 4.711 4.76 
7b H Cl OH 0.08 7.096 6.97 
8b H Br OH 0.12 6.92 5.94 
9b H Me OH 3.46 5.46 5.51 

10b Cl Cl OH 0.56 6.251 6.24 
11b Br Br OH 0.87 6.06 6.26 
12b Me Me OH 5.83 5.234 6.11 
13b H Cl - 18.12 4.741 4.74 
14b H Br - 22.04 4.656 6.74 
15b H Me - 43.21 4.364 4.34 
16b Cl Cl - 24.65 4.608 4.56 
17b Br Br - 31.94 4.495 4.56 
18b Me Me - <50 4.301 4.11 

 
RESULTS:  
On the whole, 36 N-benzyl-N-(X-2-hydroxybenzyl)-N0-
phenylureas and thioureas derivatives served as the 
starter steric conformers for the pharmacophore 

generation. The elucidation of the common 
pharmacophore feature is indispensible for this 
approach. For that, molecules were classified with 
reference to pIC50 value as more active (>6.500), less 
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active (< 5.000) and intermediates are coined as 
moderately approachable for high throughput screening. 
Out of 208 five point pharmacophore hypothesis, the 
best hypothesis was picked up for the 3D QSAR study 
based on the survival score. 

The distinct and unique pharmacophore hypotheses 
AADHR.94 consists of two hydrogen bond acceptor (A), 
one hydrogen bond donor(D), one hydrophobic group 
(H), one aromatic ring (R) is identified, alignment of the 
most active compounds with best pharmacophore 
hypothesis were depicted in figure 1. 

  

 
 

Figure 1: Alignment of most active compounds with best common pharmacophore hypotheses. 
 
Characteristic angles and distance between the pharmacophore are featured in the figure 2 and 3. In the atom 
based 3D-QSAR model, generation of the dataset of 28 training set compounds and 8 test compounds are 
chosen randomly to calculate partial least square values.  

 
 

Figure 2: Pharmacophore hypothesis and angles between pharmacophoric sites. 
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Figure 3: Pharmacophore hypothesis and distance between pharmacophoric sites. 

 
The hypotheses yielded significant 3D-QSAR model with good PLS statistics. The statistical results of atom-based 3D-
QSAR were reported in table 2. The training set correlation were characterized by PLS factor (R2= 0.9803, SD= 0.1154, F= 
346, P= 3.876e-020). The test set correlation were characterized by PLS factor (Q2= 0.7099, RMSE= 0.4915, Pearson-R= 
0.8459). The observed and predicted activity of the training and test set are shown in figure 4.   
 

Table 2: Atom-based 3D-QSAR results for best four common pharmacophore hypotheses by PLS. 
 

Hypotheses SD R2 F P RMSE Q2 Pearson
- R Stability 

ADHRR 0.0921 0.9874 346 3.876e-020 0.5649 0.6168 0.8075 0.4853 
ADRRR 0.1224 0.9778 193.9 2.009e-017 0.60770 0.5565 0.825 0.7532 
DDHRR 0.1145 0.9806 222.1 4.67e-018 0.5881 0.5846 0.7892 0.5938 
AADHR 0.1154 0.9803 218.6 5.533e-018 0.4915 0.7099 0.8459 0.5978 

 
SD= standard deviation of the regression, R2= correlation coefficient 
P= significant level of variance ratio, f= variance ratio 
Q2=for the predictive activities, RMSE=root-mean-square error 
Pearson-R=correlation between the predicted and observed activity for the test set. 
 

 
 

Figure 4: Graph of observed versus predicated biological activity of training set (a) and test set compounds (b). 
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Analysis of QSAR model: The contour maps were derived 
from the atom-based 3D QSAR and the map reveals the 
required positions of the highly must for the enhanced 
biological activity. The favorable and unfavorable region 
of the contour maps for most active compound 7b was 
represented in figure 5. In the representation cubes, the 
blue color region indicate the favorable activity the 
region enhance the activity of the compound. While red 
color region indicates unfavorable region of the 
compound these region decrease the activity of the 
compound 

 H-bond donor: presence of secondary pyrrole /indole 
nitrogen capable of acting as hydrogen bond donor 
seemed to have a favorable effect on activity. However, 
hydrogen bond donor in the side chain affected activity 
adversely (Figure. 5A); Hydrophobicity: hydrophobic 
group (methyl) at N-position of pyrrole/indole ring 
negatively correlated with activity, whereas as its 
presence on side-chain nitrogen had a positive influence 
on activity (Figure. 5B); Electron-withdrawing: presence 
of electron-withdrawing carbonyl group exercised a 
favorable effect on the activity (Figure. 5C). 

  

 
 
Figure 5: Pictorial representation of the contours generated using the QSAR model blue cubes indicates favorable region, red cubes indicates 
unfavorable region for the activity. QSAR model visualized in the context of favorable and unfavorable hydrogen bond donor with most active 
compound 7b (a), QSAR model visualized in the context of favorable and unfavorable hydrogen hydrophobic group with most active compound 
(b), QSAR model visualized in the context of favorable and unfavorable electron withdrawing features with most active compound (c).  
 
The best hypotheses were utilized to screen Zinc 
database. Totally 1,000 were obtained by above 
mentioned pharmacophore hypotheses. Molecular 
docking was carried out for 1000 compounds and 36 
ureas and thioureas derivatives using glide program. 
Glide, a docking panel comes with Maestro, well known 
for its accuracy and potential in finding the best 
conformer for the lead molecule assessment. Here, co-
crystal ligand erlotinib are removed from crystal structure 
of EGFR (PDB ID: 1M17) and re-docking was performed 
with Crystal structure of EGFR and surprisingly RMSD 
valve was found to be 0.115Å. This, in turn efficacy and 
dynamicity of Glide is clearly showed. The docking 
simulation of Zinc24830081 into EGFR formed single 
hydrogen bonds with bond distance of 2.01Å. The side 
chain hydrogen atom of MET769 act as hydrogen bond 

donor to interact with oxygen atom of the lead molecule 
Zinc24830081. The glide score were calculated -8.43 
Kcal/mol. The docked result of Zinco1312245 into EGFR 
contains two hydrogen bond interactions. The docking 
score was observed -6.83.0 Kcal/mol. The side chain 
hydrogen atom of the MET 769 and LYS721 were well 
interacted with oxygen atom of the lead molecule with 
bond length about 2.06Å and 2.27Å. The oxygen atom of 
the lead molecule act as hydrogen bond acceptor, 
hydrogen atom of the protein molecule act as hydrogen 
bond donor. The docking simulation of Zinc01838681 and 
Zinc01262238 into EGFR formed single hydrogen bond 
interaction with Met 769 with bond length of 1.91Å and 
2.44Å respectively. The binding mode of hit molecules 
with target protein structure was depicted in figure 6 and 
2d structure of them was represented in figure 7. 
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Figure 6: The binding mode of the four hit compounds 
 

 
 
Figure 7: 2D Representation of hit molecules - Zinc01312245- (E)-N-(3-acetylphenyl)-3-(3,5-dichloro-2-methoxy-phenyl)acrylamide. 
Zinc01262238-(E)-3-(3,5-dichloro-2-methoxy-phenyl)-N-(6-methyl-2-phenyl-benzotriazol-5-yl)acrylamide.Zinc01838681-(E)-N-[2-(4-chlorophenyl) 
-6-methyl-benzotriazol-5-yl]-3-(3,5-dichloro-2-methoxy-phenyl)acrylamide. Zinc24830081- 2-[(3-bromo-2-ethoxy-5-fluoro-phenyl) amino]-N-(3-
methoxyphenyl) acetamide 
 
DISCUSSION: 
The essence of recent advances in computational drug 
discovery helps in finding lead like molecules in short 
span of time. In this study our effort to elect novel 
inhibitors using ligand based designing approaches 
involved pharmacophore modeling and 3D QSAR. The 
pharmacophore hypothesis and statistical values for 
generated model is very robust. Observing all other 

toxicity profiles of the hit molecules, we strongly believe 
four categorized molecules would be a potent candidate 
in cancer drug discovery. And also need for its further in 
vitro studies is very clear.  
CONCLUSION: 
In this study, pharmacophore modeling, atom-based 3D-
QSAR was developed for urea and thioureas derivatives 
of EGFR inhibitors using PHASE. A five point 
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pharmacophore with two hydrogen bond acceptor (A), 
one hydrogen bond donor (D), one hydrophobic group 
(H), one aromatic ring (R) as pharmacophore features 
were assessed by 3D-QSAR model. The hypotheses 
(AADHR) having good statistical results with R2= 0.9803, 
Q2=0.7099. Further, visualization of the 3D-QSAR model 
in the context of the molecules under study provides 
details of the relationship between structure and activity, 
and thus provides explicit indications for design better 
analogues.  The results exposed that the substitution of 
OH. H, Cl enhances the activity of the compounds. Then 
the best hypothesis (AADHR) was utilized as 3D query to 
screen against Zinc database. More than 1000 compound 
were obtained from pre screening, finally four potent 
lead molecules identified by molecular docking studies. 
Four new lead compounds obtained can be targeted for 
further experimentation leading to clinical trials.  
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