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Introduction

Metastatic breast cancer is an irremediable disease 
with a 2- to 3-year median overall survival time (Park et 
al., 2015). Breast cancer is the one of the well known cause 
of death in women worldwide and among the leading cause 
of cancer in women in India (Desai et al., 2000). According 
to GLOBOCAN database of the International Agency for 
Research on Cancer (IARC) that the frequency of breast 
cancer in women living in developing regions is steeply 
increasing (Parkin et al., 2001). The human epidermal 
growth factor receptor 2 (HER2) gene, also known as 
neu and c-erbB-2, which is placed on chromosome 17q21 
which encodes a 185-kd transmembrane glycoprotein 
receptor protein (p185HER2) on breast cells (Vogel et 
al., 2002) has been significantly associated with breast 
carcinogenesis. 

It has huge similarity with other members of the 
EGFR family, which encompasses ErbB-1, ErbB-3 and 
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ErbB-4. Mechanisms behind HER-2 overexpression 
include gene amplification and increased transcription, 
which then sequentially leads to enhance protein 
turnover (Vaidyanathan et al., 2010). ErbB-2 can both 
homodimerize and heterodimerize with other members 
of the EGFR family and initiates a series of signal 
transduction pathways via the MAPK and PI3K pathways 
(Vaidyanathan et al., 2010). 

Gene amplification is known to be one of the significant 
mechanisms responsible for HER-2 overexpression 
(Vaidyanathan et al., 2010). Approaches in disruption of 
Her2 dimerization have now surfaced as an important 
strategy in treatment of breast cancer. Although the 
availability of potent HER2-targeted therapies, drug 
discovery efforts continue to find out supplementary 
agents that may inhibit breast cancer cell growth, 
particularly examining naturally drugs that may be useful 
in multiple subtypes of breast cancer (Desai et al., 2000). 

Recent drug discovery efforts have demonstrated that 
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the naturally occurring polyphenolic compounds have 
potential to inhibit proliferation and promote apoptosis of 
breast cancer cells (Desai et al., 2000). A diphenylpropane-
based polyphenolic ring structure compound, delphinidin 
that carries a positive charge in its central ring has been 
shown to inhibit proliferation and promote apoptosis in 
many different cancer models including colon, uterine, 
breast, and prostate (Hafeez et al., 2008; Chanda et al., 
2015). Though, delphinidin has shown to have tumor 
reduction (Ozbay et al., 2011) however has been associated 
with serious side effects like dysphonia. Individuals taking 
delphinidin reported dysphonia to the FDA. A total of 
2 delphinidin 3-glucoside drug adverse event reaction 
reports were made with the FDA during 2004-2013 
(Gimanez et al., 2016).Therefore, in the view of above 
and considering the potential side effects of Delphinidin,  
we sought to identify a novel compound bestowed with 
higher affinity against Her2protein and possibly having 
commendable potential to inhibit proliferation and 
promote apoptosis with reduced side effects.

Materials and Methods

Selection of inhibitors 
Delphinidin belonging to compound class of diphenyl 

propane served as query molecule for linear finger print 
similarity search. 

Preparation of protein and compounds 
The crystal structure of ErbB2-pertuzumab complex 

was from Protein Data Bank (PDB) with PDB ID: 1S78 
(Figure 1) (Franklin et al., 2004). The structure was 
downloaded in .pdb format and was further prepared 
for docking process. The protein was prepared using the 
PrepWiz module of Schrodinger suite (Bandaru et al., 
2014). In the preparation procedure, the protein was first 
preprocessed by assigning the bond orders and hydrogen, 
creating zero order bonds to metals and adding disulphide 
bonds. 

The missing side chains and loops were filled using 
Prime Module of Schrodinger. Further all the water 
molecules were deleted beyond 5 Å from hetero groups. 
Once the protein structure was preprocessed, H bonds were 
assigned which was followed by energy minimization by 
OPLS 2005 force field. The final structure obtained was 
saved in.pdb format for further studies. All the ligands 
were optimized through OPLS 2005 force field algorithm 
(Jorgensen et al., 2005) embedded in the LigPrep module 
of Schrödinger suite, 2013 (Schrodinger. LLC, New York, 
NY). The ionizations of the ligand were retained at the 
original state and were further desalted. The structures 
thus optimized were saved in .sdf format for docking 
procedures (Kelotra et al., 2014).

Structure similarity search 
Similarity search was supervised by binary finger print 

based Tanimoto similarity equation to retrieve compounds 
similar to Delphinidin with similarity threshold of 95 % 
against NCBI’s Pubchem compound database.

Ligand receptor docking 

Molecular docking program Molegro Virtual Docker 
(MVD, 2010.4.0.0) which includes highly efficient PLP 
(Sahila et al., 2015, Babitha et al., 2015) and MolDock 
scoring function (Thomsen et al., 2006) provided flexible 
platform for molecular docking (Dunna et al., 2015). The 
optimized structures of delphinidin were docked into the 
binding cleft of Her2 protein. Docking parameters were set 
to 0.20 Å as grid resolution, maximum iteration of 1500 
and maximum population size of 50. Energy minimization 
and hydrogen bonds were optimized after the docking. 
Simplex evolution was set at maximum steps of 300 with 
neighborhood distance factor of 1. Binding affinity and 
interactions of inhibitor with protein was evaluated on the 
basis of the internal ES (Electrostatic Interaction), internal 
hydrogen bond interactions and sp2-sp2 torsions. Post 
docked ligand-receptor complex energy was minimized 
using the Nelder Mead Simplex Minimization approach 
(using non-grid force field and H bond directionality) 
(Nelder et al, 1965).

Toxicity screening and bioactivity prediction of compounds
All the similar compounds retrieved were screened for 

its drug ability by lipinksi filters. The toxicity screening 
was achieved by using LAZAR toxicity prediction 
server (Maunz et al., 2013). Biological activity of the 
ligands was predicted using Molinspiration webserver 
(© Molinspiration Cheminformatics 2014). LC 50 
was predicted using T.E.S.T. Version 4.1 (2012, U.S. 
Environmental Protection Agency) software. The 
complete ADMET properties was calculated using 
admetSAR (Cheng et al., 2012)

Software, Suites and Webservers used 
For virtual screening Pubchem database was used to 

search and prepare library of similar chemical compounds. 
All the chemical structures were drawn in MarvinSketch 
5.6.0.2, (1998-2011, Copyright© ChemAxon Ltd). Ligands 
were optimized with LigPrep module of Schrodinger 
suite 2013. Protein was processed and refined with 

Figure 1. Secondary Structure Representation of 
X-ray Crystal Structure of the Extracellular Domain 
of the Human Epidermal Growth Factor Receptor 2 
(ErbB2 or HER2). The orange shaded region is the inhibitor 
binding site
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protein preparation wizard of Schrodinger suite 2013 
(Schrodinger. LLC, 2009, New York, NY). 

Flexible molecular docking of the compounds 
with target was completed using the Molegro Virtual 
Docker 2010.4.0.0. Accelrys Discovery Studio® 
Visualizer 3.5.0.12158 (Copyright© 2005-12, Accelrys 
Software Inc.) was used for molecular visualizations. 
LAZAR online server was employed to predict in silico 
toxicity. T.E.S.T software (2012, U.S. Environmental 
Protection Agency) and the Molinspiration web server 
(© Molinspiration Cheminformatics 2014) were 
respectively used for predicting LC50 and bioactivity 
of the compound. ADMET profiles were calculated 
using admeSAR (Laboratory of Molecular Modeling 
and Design. Copyright@ 2012, East China University of 
Science and Technology, Shanghai Key Laboratory for 
New Drug Design,)

Pharmacophoric mapping
Pharmacophoric mapping which involves ligand 

interaction patterns, hydrogen bond interaction, 
hydrophobic interactions was evaluated using Accelrys 
Discovery Studio 3.5 DS Visualizer.

Results and Discussion

A total of 550 similar structures were identified against 
Delphinidin query through linear finger based tanimoto 
search metric. In order to obtain the drug like compounds, 
the compound library obtained from linear finger print 
based search was further screened to retrieve compounds 
which followed Lipinki et al. (2004) as well as Veber et 
al (2002) rules. A total of 114 compounds out of library 
of 550 compounds that passed Lipinski filters were 
further subjected to diversity based screens in order to 
retrieve non-redundant compounds with non-overlapping 
chemical features. The diversity based screens revealed 
35 structures chemically diverse to each other. These 35 
compounds were further subjected to structure based 
virtual screening through molecular docking approaches. 
The complete virtual screening process is shown in Figure 
2. 

The top three compounds obtained from extensive 
ligand and structure based screening were compound with 
Pub Cid: 91596862 (Figure 3a), followed by compound 
with PubCid: 87069394 (Figure 3b) and compound with 
PubCid : 49870418 (Figure 3c). It is interesting to note that 
all the three retrieved through virtual screening approaches 

Table 2. ADMET Profile sCalculated for Best Docked Compound from Each Dataset by AdmetSAR

91596862 Probability 87069394 Probability 49870418 Probability Delphinidin ProbabilityResult Result Result Result 
Absorption
Blood-Brain Barrier BBB+ 0.8252 BBB+ 0.8813 BBB+ 0.9099 BBB+ 0.5259
Human Intestinal 
Absorption HIA+ 1 HIA+ 0.8396 HIA+ 1 HIA+ 0.9959

Caco-2 Permeability Caco2+ 0.8273 Caco2- 0.6107 Caco2+ 0.8947 Caco2+ 0.7514
Distribution & Metabolism
CYP450 2C9 
Substrate Non-substrate 0.7833 Non-substrate 0.7795 Non-substrate 0.7439 Non-substrate 0.7551

CYP450 2D6 
Substrate Non-substrate 0.8724 Non-substrate 0.6487 Non-substrate 0.733 Non-substrate 0.7955

CYP450 3A4 
Substrate Non-substrate 0.6852 Non-substrate 0.5 Non-substrate 0.5 Substrate 0.5057

CYP Inhibitory 
Promiscuity

High CYP 
Inhibitory 

Promiscuity
0.8978

High CYP 
Inhibitory 

Promiscuity
0.7136

High CYP 
Inhibitory 

Promiscuity
0.7423

High CYP 
Inhibitory 

Promiscuity
0.6216

Excretion & Toxicity
Human Ether-a-go-
go-Related Gene 
Inhibition

Weak 
inhibitor 0.8689 Strong 

inhibitor 0.5379 Weak 
inhibitor 0.8224 Weak 

inhibitor 0.8318

AMES Toxicity Non AMES 
toxic 0.8786 Non AMES 

toxic 0.7975  AMES toxic 0.9438 Non AMES 
toxic 0.8479

Carcinogens Non-
carcinogens 0.806 Non-

carcinogens 0.9648 Non-
carcinogens 0.7676 Non-

carcinogens 0.8934

Acute Oral Toxicity III 0.5821 III 0.5416 III 0.7779 III 0.7502

Table 1. Affinity (Rerank) Scores of the Best Docking Compounds

Pubcid: 91596862 Pubcid: Pubcid: Delphinidin87069394 49870418
Energy overview: Descriptors Rerank Score Rerank Score Rerank Score Rerank Score
Total Energy -78.492 -73.779 -72.482 -70.56
   External Ligand interactions -89.07 -84.708 -81.421 -78.025
   Protein - Ligand interactions -89.07 -84.708 -81.421 -78.025
   Steric (by PLP) -73.728 -70.421 -66.421 -57.674
   Steric (by LJ12-6) -25.754 -22.391 -19.214 -14.43
   Hydrogen bonds -7.92 -6.896 -3.418 -2.92
Internal Ligand interactions -14.445 -13.665 -8.564 -6.001
   Torsional strain 10.226 8.366 6.444 3.167
   Steric (by PLP) -4.6 -2.3 -1.3 0. 94
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had higher affinity than Delphinidin (Figure 3d). The 
detailed affinity scoring involving different interactions 
contributing to final rerank score is shown in Table 1.

In the further study we pursued to find the rationale 
behind the better binding affinity PubCid: 91596862 
against HER2. Considering different interactions 
we observed that the superior affinity of compound 
PubCid: 91596862 than Delphinidin can be attributed 
to its excellent interaction profile especially in terms of 
electrostatic and H-bonding interactions. Apparent from 
the docking profile of compound PubCid: 91596862 
values of descriptors of external ligand interactions 
contribute 6.16 folds higher stability than internal ligand 
interactions. Further external ligand interactions were 

stabilized mostly by stearic energy guided by Piece wise 
linear potentials and Lenard Jones potentials. While in 
internal ligand interactions, the torsional strain contributes 
for the stability of the ligand receptor interactions. 

The ADMET profiles (Table 2) of the three best 
docked compounds along with Delphinidin revealed that 
compound Pubcid: 91596862 was better compound and 
most likely drug like compared to its parent compound 
delphinidin. While compound PubCid: 87069394 was also 
predicted to be safe but 49870418 proved to be ames toxic. 
In addition, the predicted bioactivity (Table 3) as well as 
the LC 50 values of compound Pubcid: 91596862 was 
quite appreciable. The LC 50 value of Pubcid: 91596862 
at 96 hour interval was predicted to be 2.42 folds superior 
to its parent compound Delphinidin. In addition all the 
three best docked compounds identified showed enhanced 
bioactivity, but it was Pubcid: 91596862 which showed 

Figure 3. Chemical structure of compounds (A) Pub 
Cid: 91596862, (B) PubCid: 87069394 (C) PubCid : 
49870418 and (D) Delphinidin

Figure 4. Interactions of Pubcid: 91596862 in HER2 
Receptor. Residues circled in green participate in van der 
Waals interaction with the ligand while residues in pink forms 
electrostatic interactions

Figure 5. (A)Electrostatic Interactions of Pubcid: 
91596862 with HER2. (B) The binding site of HER 2 
Harboring Compound Pubcid: 91596862 is shown with 
Hydrophobic Intensities. The hydrophobic intensities of the 
binding site ranges from -3.00 (least hydrophobic area - blue 
shade) to 3.00 (highly hydrophobic area -brown shade)

Figure 2. Ligand and Structure Based Screening 
Employed in the Study 
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Table 3. Predicted LC50 Values and Bioactivity of Compounds

Lethal Dose Concentration Bioactivity
Compounds with best 

docking profiles LC50 (96 hr) mg/L GPCR 
ligand

Ion channel 
modulator

Kinase 
inhibitor

Nuclear receptor 
ligand

Protease 
inhibitor

Enzyme 
inhibitor

PubCid: 91596862 0.14 0.03 0.06 -0.1 0.32 -0.2 0.13
PubCid:87069394 0.18 0.25 -0.11 -0.13 0.12 0.14 0.15
PubCid:49870418 0.29 -0.01 0.04 -0.12 0.23 -0.21 0.06
Delphinidin 0.34 -0.15 0.05 -0.14 0.43 -0.08 0.16
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best score for kinase inhibition activity, providing a 
clue for target specificity. The pharmacological profiles 
of the entire three best docked compounds and parent 
compound Delphinidin were although appreciable, but 
it was compound Pubcid: 91596862 which showed best 
amongst all the compounds studied and therefore it was 
further analyzed for pharmacophoric mappings. 

Comprehensively shown in Figure 4, the compound 
Pubcid: 91596862 demonstrates van der Waals interactions 
with Ile 413, Ala 353, Leu 414, Tyr 389 Leu 355 His 415 
and Leu 352 and electrostatic interactions with Arg 332, 
Glu 330, Val 331, Gly 324, Ser 351, Leu 323 and Tyr 387. 
compound Pubcid: 91596862 is a hydrogen bond donor 
to electrostatic residue Ser 351 and acceptor from Ser 
351, Leu 323 and Glu 330. In addition, sigma interactions 
are seen between ligand and Arg 332. Electrostatic 
and hydrophobic interactions of compound Pubcid: 
91596862 in the site are shown in Figure 5a and Figure 
5b respectively. 

In conclusion, the narrow therapeutic window 
of available HER2 inhibitors especially Delphinidin 
necessitates an urgent need to develop new drugs treatment 
of breast cancer. Therefore in the given view we identified 
compounds derived from virtual screening process with 
optimal pharmacological profile. In the study, compound 
PubCid: 91596862 akin to delphindin demonstrated drug 
like properties endowed with higher binding affinity, least 
toxicity and optimal bioactivity. The compound identified 
in the study can be further complemented by In vitro drug 
testing. 
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