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Abstract: Flavonoids represent an unlimited source of compounds with anti-tumor and immune-stimulating properties, and their 
intake has been shown to reduce the risk of breast cancer. Flavonoids are the important contributors to cancer prevention, due to their 
interaction with Cytochrome P450 family enzymes. The present study was concerned with docking of flavonoid derivatives and their 
application as anti cancer agents in order to get effective drug like molecule from selective six derivatives of flavonoid compounds 
through the chemo-informatics approach. The flavonoid ligands used in the present study got docked onto the predicted protein 
template, Crystal structure of human placental aromatase complexed with breast cancer drug exemestane (3S7S), With varying docking 
energy from -1.409863e+o1 to -9.391901e+01. Based on docking scores, the molecular property and bioactivity score of the compounds, 
it is possible to conclude that the flavonoid ligands, [3-(3,4-dihydroxyphenyl)-6,8-dihydroxy-2,3-dihydro-4H-chromen-4)-one] and [2-
(2,4-dihydroxyphenyl)-5,7-dihydroxy-2,3-dihydro-4H-chromen-4-one] showed best docking scores, best molecular properties and 
bioactivity hence it can be considered to have best antitumor activity. 
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1. Introduction 
 
Flavonoids are widely distributed in plants, fulfilling many 
functions. Flavonoids are the most important plant pigments 
for flower coloration, producing yellow or red/blue 
pigmentation in petals designed to attract pollinator animals. 
In higher plants, flavonoids are involved in UV filtration, 
symbiotic nitrogen fixation and floral pigmentation. They 
may also act as chemical messengers, physiological 
regulators, and cell cycle inhibitors. Flavonoids have been 
shown to have a wide range of biological and 
pharmacological activities in in-vitro studies. Examples 
include anti-allergic  [1], anti-inflammatory and antioxidant 
[2], anti-microbial (antibacterial [3], antifungal and antiviral, 
anti-cancer  [4] and anti-diarrheal activities [5]. Flavonoids 
have also been shown to inhibit topoisomerase enzymes [6] 
and to induce DNA mutations in the mixed-lineage leukemia 
(MLL) gene in in-vitro studies [7].  
 
Cancer chemoprevention by use of natural or synthetic 
substances and its prevention through dietary intervention 
has become an important issue. It may be controlled by 
various means, including suppression, prevent the formation 
of new cancers from blockage, and transformation. 
Suppressing agents procarcinogens, blocking agents prevent 
carcinogenic compounds from reaching critical initiation 
sites, and transformation agents facilitate the metabolism of 
carcinogenic components into less toxic materials or prevent 
their biological actions. Flavonoids can act in all the three 
ways [8]. Many other potential chemopreventive 
polyphenols may interrupt or reverse the carcinogenesis 
process [9]. 
 
The different mechanisms underlying the potential 
anticancer action of plant flavonoids await further 
elucidation. Certain dietary flavonols and flavones targeting 
cell surface signal transduction enzymes, such as protein 
tyrosine and focal adhesion kinases, and the processes of 
angiogenesis appear to be promising candidates as 

anticancer agents. A further in vivo study of these bioactive 
constituents is deemed necessary in order to develop 
flavonoid-based anticancer strategies. In view of the 
increasing interest in the association between dietary 
flavonoids and cancer initiation and progression, this 
important field is likely to witness expanded effort and to 
attract and stimulate further vigorous investigations. So our 
work was, in silico, study of different flavonoids and their 
potential application as anti-cancer agents. 
 
2. Materials and Methods 
 
An investigation was carried out at Bioinformatics 
laboratory of Department of Computational Biology and 
Bioinformatics (SHIATS) to identify flavonoids compounds 
using chemoinformatics and to study the binding action of 
flavonoid compounds on molecular target. 
 
2.1 Identification of flavonid Compounds 
 
For identification of flavonoid compounds following 
procedures were undertaken: 
 
2.2 Sketch the structures of various flavonoid compounds  
 
Structure of various flavonoid compounds which are used as 
a ligand are drawn with the help of PUBCHEM project (The 
resources developed by the Structure Group of the NCBI 
Computational Biology Branch (CBB) are freely available to 
the public). 2-d as well as 3-d structure were generated using 
this software, which was further used in docking. The 
structures in this study were suggested with the help of 
various research papers. 
 
2.3  Open Babel: The Open Source Chemistry Toolbox 
 
OpenBabel is free software, a chemical expert system 
mainly used for converting chemical file formats [10]. Due 
to the strong relationship to informatics this program 
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belongs more to the category cheminformatics than to 
molecular modeling. 
 
2.4 Miscreen - Molinspiration Fragment-based Virtual 
Screening Engine v2013.02 
 
Molinspiration miscreen engine allows fast prediction of 
biological activity - virtual screening of large collections of 
molecules and selection of molecules with the highest 
probability to show biological activity. The screening is 
based on identification of fragments or substructure features 
typical for the active molecules. No information about the 
3D structure of receptor is necessary, the set of active 
molecules (encoded as SMILES or SDfile) is sufficient for 
training; therefore the procedure may be applied also in the 
early project stage when detailed information about the 
binding mode is not yet available. 
 
2.5 Selection of Molecular Target 
 
Selection of molecular target was done with the help of 
RCSB Protein Data Bank (www.rcsb.org) based on the 
information collected through various research papers and a 
book (flavonid Chemistry) written on flavonid compounds 
and their activity. The protein template selected was Crystal 
structure of human placental aromatase complexed with 
breast cancer drug exemestane (3S7S).  
 
2.6 Hex Protein Docking 
 
Hex is an interactive protein docking and molecular 
superposition program, written by Dave Ritchie. Hex 
understands protein and DNA structures in PDB format, and 
it can also read small-molecule SDF files. 
 
3. Results and Discussion 
 
Drug-likeness may be defined as a complex balance of 
various molecular properties and structure features which 
determine whether particular molecule is similar to the 
known drugs. These properties, mainly hydrophobicity, 
electronic distribution, hydrogen bonding characteristics, 
molecule size and flexibility and presence of various 
pharmacophores features influence the behavior of molecule 
in a living organism, including bioavailability, transport 
properties, affinity to proteins, reactivity, toxicity, metabolic 
stability and many others. Activity of all compounds and 
standard drugs were rigorously analyzed under four criteria 
of known successful drug activity in the areas of GPCR 
ligand activity, ion channel modulation, kinase inhibition 
activity, and nuclear receptor ligand activity. Results are 
shown for all compounds in Table 2, 3 and 4 by means of 
numerical assignment. Likewise all compounds have 
consistent negative values in all categories and numerical 
values conforming and comparable to that of standard drugs 
used for comparison. Therefore it is readily seen that all the 
compounds are expected to have near similar activity to 
standard drugs used based upon these four rigorous criteria 
(G protein coupled receptor ligand, ion channel modulator, 
kinase inhibitor, and nuclear receptor ligand). 
 
In the fields of computational chemistry and molecular 
modeling, scoring functions are fast approximate 

mathematical methods used to predict the strength of the 
non-covalent interaction (also referred to as binding affinity) 
between two molecules after they have been docked (i.e. 
ligand which in this study is flavonoid compounds and 
protein), as lesser the docking energy means more binding 
affinity and hence better association between ligand and the 
target molecule. 
 
According to the results obtained, flavoniod compounds 
show best molecular properties and have only zero violation 
to Lipinski's Rule of 5.This violation is due to molecular 
weight but there are many known drugs that are used these 
days also have this violation. For example- Actinomycin D 
(Molecular weight-1255). 
 
4. Conclusion 
 
There is an increase interest in interfacing the studies on 
drug cytotoxicity based on the NCI's tumor screening panels 
with gene expression databases and the mechanisms of drug 
action, cell sensitivity and resistance. These complimentary 
approaches should provide clues about the mechanism of 
some molecules, which ultimately can be developed as 
antitumor agents. Drug binding noncovalently to DNA have 
been in cancer treatment since the 60's, and a detailed 
structural and functional data on these molecules is 
available. Out of these 6 the compound, 3-(3,4-
dihydroxyphenyl)-6,8-dihydroxy-2,3-dihydro-4H-chromen-
4)-one and 2-(2,4-dihydroxyphenyl)-5,7-dihydroxy-2,3-
dihydro-4H-chromen-4-one shows best drug-likeness 
(molecular property bioactivity score) and Docking energy 
as these shows best compatibility with the Lipinski's rule of 
five and has the most near values a drug should have as 
suggested by Lipinski rule. Hence according to present study 
it can be suggested that the study of these two flavonoid 
compounds can be the first step in the development of novel 
agent which can act as an anti-tumor drug.  
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