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ABSTRACT: Glioblastoma (GBM), with restricted therapy alternatives, is a 

catastrophic primary brain tumor. The receptor of the epidermal growth factor 

receptor (EGFR) in glioblastomas is recurrently enhanced, over articulated, or 

mutated, but up to 20 percent of GBM patients find it to be responded to kinase 

inhibition of EGFR. Several inhibitors of EGFR tyrosine kinase (TKI) failed 

clinically, due in part to acquired resistance. To automatically examine this type 

of resistance, we used molecular docking and swissADME approach to elucidate 

its putative inhibitor. We have attempted to determine a drug candidate in the 

current research based on the discovery of structural drugs. Docking simulation 

was conducted on mutated EFGR to determine the best drug candidate from 

Erlotinib, a renowned anti-cancer agent, derivatives. A total of 200 structures 

were selected for the 2D crystal structure of erlotinib based on molecular 

fingerprinting. Top 10 best-docked proteins were analyzed using UCSF Chimera 

and discovered the complicated atomic-scale properties between ligand and the 

target protein. SCHEMBL13087058 ligand selected based on hydrogen bonding 

with methionine and swissADME screening shown the drug likeliness of the 

molecule with Molecular docking results showed binding energy -14.29 

kcal/mol. Further wet lab study requires to study the actual binding as 

compulsory mode provided. To discover new inhibitors of EGFR with higher 

potency and specificity, additional information is needed for future design 

molecules. 

INTRODUCTION: Nonetheless, the advanced 

cancer therapy Glioblastoma multiforme (GBM), 

known to be highly invasive and aggressive among 

cancer of the CNS (Central nervous system). 

Glioblastoma arises from progenitor cells of 

astrocytes and is found to be the most aggressive 
1-

3
. After tremendous cancer research, it is still 

showing challenges in early prognosis and 

treatment.  
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GBM comprising around 80% malignancies among 

adults with its most miserable prognosis record 
4, 5

. 

To date, in combination with postoperative 

radiotherapy and chemotherapy, GBM treatment is 

constructed on maximum surgical excision. GBM 

generally found to be highly chemo and 

radiotherapy resistive in nature, so the clinical 

intervention is confined and majorly restricted 
6
.  

Although GBM diagnosis and therapy methods 

have been expressively enhanced, the phase IV 

survival of patients with glioblastoma is only 1-2 

years yet, with a survival rate of less than 6% for 

five years 
7
. There is a desperate need to look out 

new treatment opportunities for a better cure. EGF 

receptor is recommended as a striking hallmark of 

glioblastoma, so it is established as an anti-GBM 
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therapy target. However, GBM has feeble 

responses to the first-generation EGFR inhibitors. 

A recent development in GBM signaling revealed 

the role of RTK/PI3K/R as a pathway in cancer, 

any alteration in these pathways could lead to high 

expression of the EGFR pathway and functional 

loss of PTEN (Phosphatase and Tensin homolog) 
8-

10
. PTEN is widely known as a tumor suppressor 

and controls cell division. EFGR and PTEN found 

to be regulating the Akt/PI3K pathway 
11

. 

It is found that EGF receptor inhibitors like 

erlotinib decrease in-vitro proliferation of cells, 

motility, and cell invasion 
12, 13

. Tumor cell prolife-

ration, differentiation, migration, and homeostasis 

are regulated by atypical expression of EGFR 
14

. 

About 57% of GBMs have genetic alternates of 

EGFR, those include including mutations, 

rearrangements, splicing, and amplification 
15, 16

. In 

divergence to lung carcinoma, with EGFR 

mutations mainly in the kinase region, GBM shows 

EGFR mutations primarily in the extracellular areas 
17

. The EGFR mutations allow GBM cells to trigger 

downstream signaling pathways PI3 K/AKT and 

RAS/ERK independent of EGF ligands. Numerous 

studies have shown that EGFR overexpression and 

mutation support GBM development and survival
 

18, 19
. The EGF receptor gene knockout revealed 

that the survival of EGFR-mutant glioblastoma 

cells depends on the function of EGF receptor 
17

. 

Therefore, EGFR has long been regarded as a very 

appealing target for glioblastoma therapy. Erlotinib 

had an efficient sensitivity in pre-clinical studies by 

suppressing anchorage-independent growth in 

tumor cell lines 
20

. Therefore, we will concentrate 

on this article on the EGFR-targeted methods to 

solve the therapeutic resistance issue. 

MATERIALS AND METHODS: 

Ligand Selection: 2D structural equivalent N-(3-

Ethynylphenyl)-6, 7-bis (2-methoxy ethoxy) 

quinazoline-4-inbuilt PubChem database search for 

similarity fingerprints. There were chosen a total of 

500 ligands with the lowest score of 0.68 in which 

only 200 were lastly tested for docking. ACD / 

ChemSketch instrument was used for MDL Molfile 

(v2000) generation and drawing. Molefile 

converted into a 3D database of proteins (PDB) 

format using the Bebel tool. Erlotinib was obtained 

based on the resemblance between its composition, 

substructure, and chemical isomers. 

Receptor Protein: The 3D PDB crystal assembly 

of the EGFR tyrosine kinase domain with novel 

HER2 active site inhibitor, downloaded from 

RCBS (http:/www.rcsb.org) using PDB ID: 5JEB. 

Dedicated ligands were divided and energy 

minimization introduced through the optimized 

Swiss PDB viewer protocol 
21

.  

Docking Setup: Protein and ligand docking 

experiments were conducted using Auto Dock 

software version 4, which demonstrates the binding 

energy analysis through grid and energy potential 

using different search algorithms to determine 

precise binding features on the specified super 

molecule 
22

. Using the AutoDock hydrogen 

module, polar hydrogen molecules are added to the 

ligand. A conventional method was used for the 

distribution of the Kollman united partial atom 

charges involving random areas with a population 

size of 150. 

The result was that 1 root-mean-square deviation 

standard with precise ten docking runs was 

rendered clustered. The grid size-12.352* 104.011* 

was chosen with 22.946 points and grid positioning 

of 0.375. The Chimera UCSF was used to view the 

docked structure coordinates within the range of 5 

of the interaction between molecule and protein. 

The following URL (www.cgl.ucsf.edu/chimera) 

shows UCSF Chimera. Using Lipinskin "Rule of 

Five” to detect possible pharmacokinetics, the 

molecules that show the least binding energies 

were estimated for dug-likeness. All molecules 

undergo the analysis of molecular characteristics 

and scores of drug likeliness. 

In-silico Bioavailability Analysis: All ten ligands 

are checked using the swissADME tools available 

on the Swiss Institute of Bioinformatics page 

(http:/www.swissadme.ch/) for virtual physico-

chemical features like water-solubility, lipo-

philicity, pharmacokinetics, drug resemblance and 

medicinal chemistry parameters 
23

. All ten ligands 

were used, some of them showing the significant 

bioavailability. 

RESULTS AND DISCUSSION: 

Molecular Docking: Lamarckian Genetic 

Algorithm has been used to dock various erlotinib 

derivatives. The combination of a distinctive 

algorithm rule for binding site identification and 
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picture tool evaluation has given an effective way 

to exploit unrevealing binding cavity charac-

teristics. The origin of the structural similarity of 

erlotinib was efficiently tested for a total of 200 

molecules. The top 10 molecule data is shown 

below Table 1. Two SCHEMBL14405650 and 

SCHEMBL13087058 ligands showed the lowest 

minimum binding energy-17.56 and-14.29, 

respectively, with four and six runs. 

Based on the Hydrogen bond formation with active 

site residue methionine of the receptor protein, the 

ligand SCHEMBL13087058 chosen as the best 

candidate among the top ten molecules. Fig. 1.  

 
FIG. 1: THE BLUE LINE IN THE ABOVE PICTURES 

SHOWS HYDROGEN BOND WHICH INDICATES 

BONDING BETWEEN LIG 1 N-MET 769 WITH BOND 

LENGTH 2.754 Å 

TABLE 1: CHEMICAL PROPERTIES OF THE TOP 10 MOLECULES WITH THE MINIMUM BINDING ENERGY 

S. no. Chemical Name Structure Minimum 

Binding energy 

Run PubChem 

CID 

1 SCHEMBL14405650 

6,7-Bis[2-methyl-2-[(2-methylpropan-2-

yl)oxy]propoxy]-N-(3-prop-1-

ynylphenyl)quinazolin-4-amine 

 

17.56 4 71164834 

2 SCHEMBL13087058 

N-[3-(2-Deuterioethynyl)phenyl]-6,7-bis[2-

methyl-2-[(2-methylpropan-2-

yl)oxy]propoxy]quinazolin-4-amine 

 

-14.29 

 

6 59533121 

3 N-(3-Ethynylphenyl)-6-(oxolan-3-yloxy)-7-

[2-(trideuteriomethoxy)ethoxy]quinazolin-

4-amine 

 

-11.36 10 53311750 

4 6-[2,2-Dideuterio-2-

(trideuteriomethoxy)ethoxy]-N-[3-ethynyl-

4-(trideuteriomethoxy)phenyl]-7-[1,1,2,2-

tetradeuterio-2-

(trideuteriomethoxy)ethoxy]quinazolin-4-

amine 

 

-11.92 4 44243270 

5 UNII-EBL2O556JZ 

EBL2O556JZ 

183320-29-8 

Erlotinib metabolite M13 

CP-373413 

 
 

-13.33 9 16045730 

6 N-(3-Ethynylphenyl)-2,5,11-trioxa-16,18-

diazatricyclo[10.8.0.014,19]icosa-

1(12),13,15,17,19-pentaen-15-amine 

 

-11.42 6 10216002 

https://pubchem.ncbi.nlm.nih.gov/compound/59533121
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7 4-Methyl Erlotinib Hydrochloride 

 

-11.72 9 71750333 

8 6-(2-Dimethylphosphorylethoxy)-N-(3-

ethynylphenyl)-7-(2-

methoxyethoxy)quinazolin-4-amine 

 

-11.85 8 59068670 

9 7-(2-Acetoxy-ethoxy)-4-(3-ethynyl-

phenylamino)-6-(2-methoxy-ethoxy)-

quinazoline 

 

-14.65 9 16045729 

10 (7R,8R)-N-(3-Ethynylphenyl)-7,8-

bis(methoxymethyl)-7,8-dihydro-

[1,4]dioxino[2,3-g]quinazolin-4-amine 
 

-11.58 9 

 

11523983 

ADME Test: Drug development includes 

increasingly previous evaluation stats of ADME 

(absorption, distribution, metabolism, and 

excretion) in the discovery procedure. Molecule 

SCHEMBL13087058 is evaluated for the Swiss 

ADME. Unique to swissADME is the bio-

availability radar that provides a graphical snapshot 

of the drug-likeness parameters of an orally 

available bioactive drug. The drug-like graph is 

described as a hexagon Fig. 1, each of which 

represents a parameter defining a bioavailable drug. 

The pink area in the hexagon characterizes the 

optimum assortment for each property 

(lipophilicity: XLOGP3 6.51: MW 533.70 g / mol, 

polarity: TPSA 74.73 Å
2
, solubility: log s 6, 

saturation value: 0.5 carbon portion in the sp3 

hybridization and 12 rotatable bonds discovered 

flexibility) Fig. 2. 

 
FIG. 2: SwissADME STRUCTURAL FEATURES AND 

BIOAVAILABILITY RADAR OF LIGAND 

SCHEMBL13087058 

Drug-likeness: SCHEMBL13087058 drug-

likeness properties are represented by the distorted 

red hexagon within the pink shade. Notably, the 

molecule falls within drug-likeness parameters of 

bioavailable drugs and following Lipski rule with 

bioavailability score of 0.55. SwissADME also has 

computational filters that include the Lipinski rule 

is the most common parameter on the way to 

evaluate the drug-likeness of small molecules Fig. 

3. 

Medicinal Chemistry Evaluation: Medicinal 

chemistry evaluation predicts the drug-likeness of 

small molecules, which include PAINS and Brenk 

screening rules. PAINS computer screening model 

identifies compounds that appear in many high-

performance biochemical screens as hits 

(promiscuous compounds).  

 
FIG. 3: SHOWING MEDICINAL DRUG LIKELINESS 

AND THERAPEUTIC CHEMISTRY EVALUATION  

https://pubchem.ncbi.nlm.nih.gov/compound/59533121
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Our molecule does not post any pains alert. In 

another selection model, this molecule followed the 

Brenk screening law with only having three 

hydrogen bonds, which careful that compound is 

smaller and less hydrophobic and not those defined 

by “Lipinski’s rule of 5”. Due to the heavier 

molecular weight (MW>350), our ligand does not 

follow the lead likeness screening Fig. 3. 

Pharmacokinetics: SwissADME also makes it 

possible to estimate a chemical as a p-glycoprotein 

(P-gp) substrate or CYP isoenzyme inhibitor. Drug 

metabolism through CYP isoenzymes is a 

significant determinant of drug contacts that may 

result in drug harmfulness and reduced 

pharmacological outcomes. The models reflect 

either yes or no if the molecule below review is 

more likely to be a substrate or non-substrate of a 

specified CYPP-gp substrate or an inhibitor or non-

inhibitor. By inhibiting CYP2C19 inhibitor and 

CYP2D6, our ligand showed the pharmacological 

property. This molecule showed the low Gi 

absorption, and Log Kp (skin permeation) falls in a 

negative range of -4.93 cm/s. Ligand does not cross 

the blood-brain barrier.  Now, a biological 

experiment will be required to determine if 

SCHEMBL13087058 is activated or deactivated by 

CYP2C9 and CYP3A4 Fig. 4.  

 
FIG. 4: THE BIOAVAILABILITY RADAR OF THE 

SCHEMBL13087058 (LEFT PANEL) AND PHARMA-

COKINETICS (RIGHT PANEL) EVALUATED USING 

SWISSADME WEB TOOL 

CONCLUSION: Small molecules that block the 

altered metabolism in cancer are developing as 

latent anti-cancer agents. Erlotinib derivatives such 

as SCHEMBL13087058 can be used for anti-EGFR 

therapy against GBM. Indeed, it was more potent 

than clinically-tested in the Phase II trial. We used 

the molecular docking for shortlisting more than 

200 molecules and found SCHEMBL13087058 

most potent. Virtual tools swissADME evaluation 

revealed for the hit compound and demonstrated 

that SCHEMBL13087058 has better “drug-

likeness”. 

Additionally, the ligand is lipophilic but does not 

penetrate the blood-brain barrier (BBB) and not a 

substrate of most CYP enzymes. Of note is the 

moderate synthetic accessibility of SCHEMBL-

13087058 that provides opportunities for inhibiting 

GBM. Importantly, SCHEMBL13087058 did not 

show false-positive alert enabling us to rule out 

wrong targets with the confidence of pursuing 

potential biologically relevant targets. The real wet-

lab experiment will help to take this molecule as a 

potent GBM target. 

ACKNOWLEDGEMENT: We are grateful to the 

faculty member of the Department of 

Biotechnology, Manav Rachna International 

Institute of Research and Studies, Faridabad, India. 

CONFLICTS OF INTEREST: Authors declare 

no conflicts of interest. 

REFERENCES: 

1. Holland EC: Glioblastoma multiforme: the terminator. 

Proc Natl Acad Sci. 2000; 97:6242–44. 

2. Louis N, Perry A, Reifenberge RG, von Deimling A, 

Figarella-Branger D and Cavenee WK: The 2016 World 

Health Organization classification of tumors of the central 

nervous system: A summary. Acta Neuropathol 2016; 131: 

803-20. 

3. Stupp R, Hegi ME, Mason WP, van denBent MJ, 

Taphoorn MJ and Janzer RC: Effects of radiotherapy with 

concomitant and adjuvant temozolomide versus 

radiotherapy alone on survival in glioblastoma in a 

randomised phase III study: 5-year analysis of the 

EORTC-NCIC trial. Lancet Oncol 2009; 10: 459–66. 

4. Agnihotri S, Burrell KE and Wolf A: Glioblastoma, a brief 

review of history, molecular genetics, animal models and 

novel therapeutic strategies. AITE 2013; 61: 25-41. 

5. Schwartzbaum JA, Fisher JL, Aldape KD and Wrensch M: 

Epidemiology and molecular pathology of glioma. Nat 

Clin Pract Neurol 2006; 2: 494-503.  

6. Brandes AA: State-of-the-art treatment of high-grade brain 

tumors. Semin Oncol 2003; 30: 4-9.  

7. Koshy M, Villano JL, Dolecek TA, Howard A, Mahmood 

U and Chmura SJ: Improved survival time trends of 

glioblastoma using the SEER 17 population-based 

registries. J Neuro Oncol 2012; 107(1): 207-12. 

8. Dunn G P, Rinne M L, Wykosky J, Genovese G, Quayle S 

N, Dunn IF and Brennan C: Emerging insights into the 

molecular and cellular basis of glioblastoma. Genes & 

Development 2012; 26(8): 756-84. 

9. Matias D, Balça-Silva, J, Dubois LG, Pontes B, Ferrer VP, 

Rosário L and Moura-Neto V: Dual treatment with 

shikonin and temozolomide reduces glioblastoma tumor 



Tripathi and Imran, IJPSR, 2020; Vol. 11(5): 2498-2503.                             E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2503 

growth, migration and glial-to-mesenchymal transition. 

Cellular Oncology 2017; 40(3): 247-61. 

10. Staberg M, Michaelsen SR, Rasmussen RD, Villingshøj 

M, Poulsen HS and Hamerlik P: Inhibition of histone 

deacetylases sensitizes glioblastoma cells to lomustine. 

Cell Oncol 2017; 40: 21-32.  

11. Cloughesy TF, Cavenee WK and Mischel PS: 

Glioblastoma: from molecular pathology to targeted 

treatment. Annual Review of Pathology: Mechanisms of 

Disease 2014; 9: 1-25. 

12. Carrasco-García E, Saceda M, Grasso S, Rocamora-

Reverte L, Conde M, Gómez-Martínez Á and Martínez-

Lacaci I: Small tyrosine kinase inhibitors interrupt EGFR 

signaling by interacting with erbB3 and erbB4 in 

glioblastoma cell lines. Experimental Cell Research 2011; 

317(10): 1476-89. 

13. Halatsch, ME, Gehrke EE, Vougioukas VI, Bötefür IC, 

Farhad, A, Efferth T and Buchfelder M: Inverse 

correlation of epidermal growth factor receptor messenger 

RNA induction and suppression of anchorage-independent 

growth by OSI-774, an epidermal growth factor receptor 

tyrosine kinase inhibitor, in glioblastoma multiforme cell 

lines. Neurosurgical Focus 2004; 16(2): 1-11. 

14. Westover D, Zugazagoitia J, Cho BC, Lovly CM and Paz-

Ares L: Mechanisms of acquired resistance to first- and 

second-generation EGFR tyrosine kinase inhibitors. Ann 

Oncol 2018; 29(suppl_1): i10-9. 

15. Brennan CW, Verhaak RG, McKenna A, Campos B, 

Noushmehr H and Salama SR: The somatic genomic 

landscape of glioblastoma. Cell 2013; 155(2): 462-77. 

16. Eskilsson E, Rosland GV, Solecki G, Wang Q, Harter PN 

and Graziani G: EGFR heterogeneity and implications for 

therapeutic intervention in glioblastoma. Neuro-Oncology 

2018; 20(6): 743-52. 

17. Vivanco I, Robins HI, Rohle D, Campos C, Grommes C 

and Nghiemphu PL: Differential sensitivity of glioma- 

versus lung cancer-specific EGFR mutations to EGFR 

kinase inhibitors. Cancer Discov 2012; 2(5): 458-71. 

18. Li L, Puliyappadamba VT, Chakraborty S, Rehman A, 

Vemireddy V, Saha D and Boothman DA: EGFR wild 

type antagonizes EGFRvIII-mediated activation of Met in 

glioblastoma. Oncogene 2015; 34(1): 129. 

19. Rock K, McArdle O and Forde P: A clinical review of 

treatment outcomes in glioblastoma multiforme the 

validation in a non-trial population of the results of a 

randomised Phase III clinical trial has a more radical 

approach improved survival? Br J Rad 2014; 85: 729–29.  

20. Reardon DA, Nabors LB, Mason WP, Perry JR, Shapiro 

W and Kavan P: Phase I/randomized phase II study of 

afatinib, an irreversible ErbB family blocker, with or 

without protracted temozolomide in adults with recurrent 

glioblastoma. Neuro-Oncology 2015; 17(3): 430-9. 

21. Guex N and Peitsch MC: SWISS‐MODEL and the 

Swiss‐Pdb Viewer: an environment for comparative 

protein modeling. Electrophoresis 1997; 18(15): 2714-23. 

22. Morris GM, Huey R, Lindstrom W, Sanner MF, Belew R 

K, Goodsell DS and Olson AJ: AutoDock4 and 

AutoDockTools4: Automated docking with selective 

receptor flexibility. Journal of Computational Chemistry 

2009; 30(16): 2785-91. 

23. Daina A, Michielin O and Zoete V: SwissADME: a free 

web tool to evaluate pharmacokinetics, drug-likeness and 

medicinal chemistry friendliness of small molecules. 

Scientific Reports 2017; 7: 42717. 

 

 

 

 

All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Play store) 

How to cite this article: 

Tripathi D and Imran S: Molecular docking and in-silico ADME studies of novel derivative of erlotinib in glioma. Int J Pharm Sci & Res 

2020; 11(5): 2498-03. doi: 10.13040/IJPSR.0975-8232.11(5).2498-03. 

 


