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Abstract:- The most common type of cancer in women all over 

the world is breast cancer. The estrogen molecule is the major 

risk factor related to mammary gland tumors. 

Phytochemicals block the action of carcinogens on the target 

cells by binding to specific receptors. The aim of the present 

study is to evaluate the binding affinity and interactions of 

phytochemicals like Anthocyanin, Isoflavones and Carnosol 

with Human Estrogen receptor (hER) as tumor suppressors. 

Discovery Studio 3.1 and Auto Dock 1.5.6 were used to dock 

phytochemicals with hER. Docking analysis of Anthocyanin 

and Isoflavones to hER showed that Lys 449, Pro 324, Gly 

390, Arg 394, Trp 393 and Glu353are the potential drug 

targets. Carnosol displayedadditional interactions at Ile 326, 

Leu 387 and Met 357 in the active site of hER. Carnosol 

exhibited higher binding affinity (12.1) than Anthocyanins 

and Isoflavones (8.9). The present study suggests that 

Carnosol, Anthocyanins and Isoflavones can be used as potent 

drug in preventing breast cancer.Risk of Breast cancer in 

women can be reduced significantly by consuming plant foods 

rich in phytochemicals like Carnosol, Anthocyanin and 

Isoflavones. 
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1. INTRODUCTION 

 

Breast Cancer, with frequency of 10.4 % percent is the 

second mostpredominant type of cancer after lung cancer 

(WHO, 2006). Biochemical and immunohistochemical 

techniques of Mulas, et al., (2001 and 2005) and Illera, et 

al., (2006) suggestedthat ER-αand ER-β were involved in 

benign and malignant mammary gland tumor. Both 

normalbreast cells and most breast cancer cells have 

receptors to bind blood estrogen and progesterone (Mark, 

et al., 2010). These hormones bind to the receptors and 

cause cell proliferation and growth through signal cascade 

(Saba, 2013). Estrogen and progesterone function with 

oncogenes and tumorsuppressor genes causing the cell to 

grow out of control (Caroline, 2003).Chemical drugs 

treating breast cancer causes varied side effects likeleg 

pain, trouble in breathing, chest pain and vision 

changesthat makes these drugs unsuitable for treatment and 

need for a better alternate. Phytochemicals are proved to be 

very successful to diminish the possibility of cancer (Saba, 

2013). Phytochemicals were classified into many groups 

(Herman, 2002, Aedin, et al., 2007, Maria, et al., 2010) 

chiefly Flavonoids andIsoflavones. The structure of 

Isoflavones is analogous to estrogen and it compete with 

estrogen for the same receptor sites thereby blocking 

estrogen, a hormone linked to an increased risk of breast 

and other hormone-dependent cancers (Kenneth, et al., 

1999). Anthocyanins are water soluble flavonoids with 

vacuolar pigments that occur naturally in fruits and 

vegetables as glycosides. Carnosol is one of the 

polyphenolic antioxidants and anticarcinogen found in 

extracts of the herb rosemary (Rosmarinus officinalis) (Lo, 

et al., 2011). Docking predicts the preferred orientation of 

one molecule to a second when bound to each other to form 

a stable complex (Lengauer, et al., 1996, Alex and Nixon., 

2009).Docking of anthocyanin, isoflavones and carnosol 

into the binding site of a human estrogen receptor reveal 

the binding affinity of the complex which is a key part in 

structure-based drug designing (Daniel, et al., 2010). The 

present investigation aims to determine the interaction 

pattern of anthocyanin, isoflavones and carnosol with 

human estrogen receptor using AutoDock Tool 1.5.6. 

 

2. EXPERIMENTAL 

 

Biological databases like PubChem, Drug Bank, 

PDB (Protein Data Bank) and software’s like Open Babel, 

Discovery Studio 3.1 and AutoDock 1.56 were used for the 

present study. 

 

2.1. Generation of 3D structures 

The Protein Data Bank (PDB; 

http://www.rcsb.org/pdb/) is the worldwide archive of 

structural data of biological macromolecules. The structure 

of human estrogen receptor was retrieved from PDB 

(Berman,et al., 2002, Berman, et al., 2006).  

 

2.1.1 Structure of phytochemicals 

Structure for anthocyanin (CID 145858), 

isoflavone (CID 72304) and carnosol (442009) were 

retrieved from NCBI Pubchem compound. The retrieved 

structures were validated and all the hetero atoms were 

removed for efficient molecular docking studies 

(Wishart,et al., 2008, Wishart et al., 2000). 
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Fig 1a. Anthocyanin 

 

 
Fig 1b. Carnosol 

 

 
Fig 1c. Isoflavone  

 

2.2. Molecular docking 

Discovery studio3.1 was used to simulateligands 

and with human estrogen receptor. The docking analysis of 

phytochemicals with human estrogen receptor were carried 

out by AutoDock software that explore ways in which drug 

and receptor fit together and docks to each other. An 

extended PDB format, termed as PDBQT file was used to 

coordinate files which include atomic partial charges. Open 

Babel was used for creating PDBQT files from traditional 

PDB files. Autodock1.5.6 was used to predict the binding 

of ligands to 3D structure of estrogen receptor. Atomic 

affinity grid was used todesign better binders.  In the 

present study, grid box was set to 60x60x60 A
o. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Preparation of human estrogen receptor(hER) 

 Discovery Studio 3.1 was used to visualize the 

retrieved 3D structure of hER from PDB, and toidentify the 

interacting amino acid residues in the active site of the 

receptor that showed the prevalence of right handed helix. 

Fig 2 depicts the structure of the after removal of Native 

ligand, Water molecules, B chains and C chains. Fig 3a, 3b 

and 3c show the grid box for thehER that were designed 

using the center values of the ligand. 

 

 
Fig 2. Human Estrogen receptor 

 

 
Fig 3a. Grids used for Anthocyanin 
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Fig 3b. Grids used for Isoflavones 

 

 
Fig 3c. Grids used for Carnosol. 

 

3.2. Preparation of Ligand 

  Retrieved molecular structures of the 

ligands like Anthocyanin, Isoflavone and Carnosol from 

PubChem in sdf format were and converted to pdb using 

Open Babel software. The center values (X, Y and Z axis) 

were visualized using Discovery Studio and were used to 

set grids for hER.The X, Y and Z values for anthocyanin, 

Isoflavones and Carnosol (center values) were found to be 

4, 0, 0; 6, 0, 0 and 5, 1, 0 respectively.  

 

3.3. Docking Analysis: 

 AutoDock Tools 1.5.6 was used to convert hER to 

ribbon style in pdbqt format. The ligands were also 

converted to pdbqt using Open Babel. Conformation text 

and command were used to analyze the docked results. The 

binding affinity of anthocyanin and Isoflavone were found 

to be 8.9 and Carnosol recorded highest binding affinity 

(12.1) than other ligands. Saba, et al., (2013) also observed 

that flavonoids have the better binding affinity with Human 

estrogen receptor due to increased number of 

intermolecular interactions.   In this present study Carnosol 

showed higher binding affinity with hER due to many 

number of interactions in the docked complexes than other 

phytochemicals.  This leads to the efficient binding of 

Carnosol with Human estrogen receptor. The active site 

amino acids, number of hydrogen bonds and other 

interactions were determined by AutoDock Tools. Fig. 

4a,4b and 4c shows the binding affinities of the ligands and 

the interacting amino acids in active sites of hER. Ligand 

binding sites of phytochemicals anthocyanins and 

isoflavones to hER located by Discovery Studio 3.1 were 

found to be Lys 449, Pro 324, Gly 390, Arg 394, Trp 393 

and Glu353 whereas Carnosol showed additional 

interactions with active site at Ile 326, Met 357 and Leu  

387. The docking study confirmed that the Lys 449, Pro 

324, Gly 390, Arg 394, Trp 393 and Glu353 as the 

potential drug targets. Dykstra, et al., (2007) also reported 

that Leu 387 serve as one of the catalytic residues inthe 

three dimensional structure of Human estrogen 

receptorduring computational analysis of 2-Aryl indoles 

with hER alpha. 

 

Fig.4a. Anthocyanin with hER 

 
Fig.4b. Isoflavone with hER 
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Fig.4c. Carnosol with hER 

 

4. CONCLUSION 

  

Interaction pattern of a phytochemicals to human estrogen 

receptor were explored by docking analysis using 

AutoDock Tool 1.5.6.Docked poses of Anthocyanin and 

Isoflavone showed similar binding affinity of 8.9 to the 

human estrogen receptor whereas Carnosol depicts higher 

binding affinity of 12.1. Docked results exhibited that Lys 

449, Pro 324, Gly 390, Arg 394, Trp 393, Glu353, Ile 326, 

Leu 387 and Met 357 were the interacting sites inhER. The 

present investigation suggests that Carnosol withhigher 

binding affinity can play a promising role in preventing 

breast cancer. The phytochemicals can be used as a safe, 

effective and efficient alternative to chemical drugs in 

preventing and curing breast cancer. 
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