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ABSTRACT: In-silico computational approaches help in ascertaining drug 

targets via bioinformatics tools. HER2 is the most valuable therapeutic target for 

breast cancer therapy. The overexpression of HER2 protein plays a very critical 

role in the progression of breast cancer. Plant-derived natural products have 

received increasing attention over the past 20-30 years for their potential as 

novel therapeutic agents. In the future, plant products may offer more effective 

medicines than synthetic drugs. The main aim of the current study helps to 

develop new anti-cancer drug candidates from natural and dietary compounds 

with the help of computational approaches. In this context, the plant-derived 

compounds resveratrol and its related analogs were taken and docked onto the 

protein active site (PDB ID:1M14) via structure-based virtual screening for the 

prediction of novel potential inhibitors, which may be used as anticancer drugs 

against breast cancer. Furthermore, Molinspiration server and Data warrior 

software tools were used to evaluate the ADMET profiling and physicochemical 

parameters of the screened compounds. The best compound was identified, 

showing good binding affinity value, have a positive bioactivity score as well as 

good pharmacokinetic properties. Among all the test candidates in the study, the 

compound [3-hydroxy-5-[(E)-2-(4-hydroxyphenyl)ethenyl]phenyl] hydrogen 

sulfate (CID: 25113755) was found to be the most potent lead molecule. So the 

compound (CID: 25113755) could be used as novel anti-breast cancer agent.

INTRODUCTION: HER2 is also called as neu 

oncogene. Human epidermal growth factor receptor 

(HER) is a family of receptors plays a significant 

role in the focalization of numerous cancers. The 

receptor family consists of HER-1; HER-2; HER-3; 

HER-4, respectively 
1
. The over-expression of 

HER-2 oncogene has been revealed to play a 

significant role in the progression of certain types 

of breast cancer 
2, 3, 4

. Breast cancer has become a 
fatal disease among women in developing countries 5. 
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According to the American cancer, society 

estimated new breast cancer cases in the United 

States for the year 2018 is 266, 120.
 6

 Patients with 

breast cancer have various therapeutic interventions 

include surgery, radiation therapy, chemotherapy, 

and hormone therapy 
7
. Many of the distinguished 

breast cancer risk factors are western lifestyle 

patterns and environmental factors, low physical 

activity, western diet, over fatness, etc. 
8, 9

   

Natural compounds play an important role in 

cancer treatment and prevention. Recent studies 

suggested that high dietary intakes of raw and leafy 

vegetables, whole grains, along with related 

lifestyle significantly decrease the risk and 

prevalence of breast cancer 
10, 11

. It can be 

evaluated that 1/3 of cancer-related deaths in the 

US can be evaded through proper dietary 
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modification. So, natural compounds have 

continually been investigated for the discovery of 

new drugs in pharmaceutical development and 

these products shown to have a wide range of 

pharmacological activities in clinical studies 
12, 13

.  

Currently, more than 40-50% of drugs have been 

designed from plant-derived products, among them; 

75-80% of anticancer drugs were developed from 

natural ingredients 
14

. Resveratrol (RES) (3, 5, 4′-

trihydroxytrans-stilbene) is a naturally occurring 

polyphenol and a member of the stilbene family. It 

is highly found in red wine, peanuts, mulberries, 

cranberries, dark chocolates, cocoa solids, soy, and 

skin of grapes 
15, 16, 17

. It possesses a wide range of 

biological properties such as anti-viral 
18

 antiaging, 

anti-oxidant 
19

 and chemoprotective advantage 

against breast cancer. Due to its anticancer activity, 

it can be recognized as chemopreventive agent 
20

. It 

takes years to discover a drug and bring to real-

world use.  

So to reduce the expenditure and time we used in-

silico methods for the identification of novel leads 

or hits. Today, a variety of tools and software‟s 

available for docking calculations. Among them, 

Auto Dock Vina is the most modern version which 

has been widely used for virtual screening 
21

. Here, 

we report binding affinity values of resveratrol 

related compounds using a set of open source 

molecular docking approach.  

This article certainly focuses on natural compounds 

for the discovery of novel drug candidates towards 

the treatment of breast cancer.  

MATERIALS AND METHODS: 

In-silico Docking Analysis: 

Ligand Preparation and Selection of Molecular 

Targets: Eleven potential compounds, including 

resveratrol and its analogs, were identified from the 

PubMed literature, which showed inhibitory effects 

on breast cancer. The X-ray crystal structure of the 

natural compounds was downloaded in “Structure 

Data Format” from Pub Chen compound database 

(http://pubchem.ncbi.nlm.nih.gov/). The breast 

cancer protein, namely HER2 (ID: 1M14), was 

chosen for our study. The correct crystal structure 

of the cancer target has been obtained from the 

RCSB Protein Data Bank (http://www.rcsb.org/ 

pdb/home/home.do). 

Calculation of Molecular Properties and 

Bioactivity Score: “Rule of 5” properties are a set 

of molecular descriptors used by Lipinski in 

formulating his “Rule of 5.” The rule is helpful in 

the drug designing process. Molecular mass, 

lipophilicity (Log P), hydrogen bond acceptors 

(HBA), Hydrogen bond donors (HBD), bioactivity 

score, which was calculated using the online chemo 

informatics tool Molinspiration (http:// 

www.molinspiration.com/). 

In-silico Toxicity Potential Assessment: The 

ADME and toxicity profile of different properties 

of compounds in the early stage is a crucial step in 

the drug discovery process. Toxic parameters of all 

the ligands were screened using computational 

analysis using Bioinformatics software Osiris Data 

Warrior. (http://www.openmolecules.org/data 

warrior.html).Toxicity profile includes screening 

for mutagenic, carcinogenic, & skin irritant. 

RESULTS AND DISCUSSION: 

Structures of Selected Ligands: In this study 

structure of selected resveratrol and their related 

analogs, which are used as ligands are drawn with 

the help of Pub Chem. 2-Dimensional, as well as 3-

Dimensional structures, were used for docking 

studies, as shown in Table 1. 

Molecular Docking Studies on Resveratrol and 

their Related Compounds against a Target 

Protein Involved in Breast Cancer: Pub Chem 

database search showed eleven compounds that are 

related to natural compound resveratrol. To study 

the interaction and binding affinity of resveratrol 

and its analogs, all these compounds were docked 

with the receptor structure using Auto Dock Vina 

in Pyrx program by constructing the grid box with 

a dimension of 96×65×50 points around the region 

where the ligand was bound in the protein 

structure.  

After the completion of the screening, the docked 

protein-ligand complexes were analyzed to 

examine the interactions. The pose having the 

highest binding affinity value, was selected for 

further analysis. The binding affinities of best-

docked complexes namely, [3-hydroxy-5-[(E)-2-(4-

hydroxyphenyl) ethenyl] phenyl]hydrogen sulphate 

(CID:25113755); 4-[2-(3, 5-dihydroxy phenyl) 

ethyl] benzene-1, 2-diol (CID:152444); 5-[(Z)-2 -

cid:25113755
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fluoro-2 -(4-hydroxyphenyl) ethenyl] benzene-1, 3-

diol (CID:67144664); 5-[2-(4-Hydroxyphenyl) 

ethyl] benzene-1, 3-diol (CID:185914) showing 

high dock score -7.7, -7.4, -7.1, -7.0 Kcal/mol 

respectively. The virtual drug screening scores of 

top leads are tabulated in Table 2.  

TABLE 1: 2D & 3D STRUCTURES OF SELECTED COMPOUNDS 

          Ligand ID       2-D Structure    3D Structure 

152444 

  
 
 

 

1548910 

  
 

 

 
185914 

  
 

 
25113755 

  
 

 

5326961 

 

 
  

6365297 

  
 

 

667639 

  
 

 

67144664 
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71816176 

  
 

73659198 

  
 

 

445154 

  

TABLE 2: AFFINITY SCORES OF BEST PROTEIN-LIGAND ASSOCIATION 

ID Docking score Compound name 

25113755 -7.7 [3-hydroxy-5-[(E)-2-(4-hydroxyphenyl)ethenyl]phenyl] hydrogen sulfate 

152444 -7.4 4-[2-(3,5-dihydroxyphenyl)ethyl]benzene-1,2-diol 

67144664 -7.1 5-[(Z)-2-fluoro-2-(4-hydroxyphenyl)ethenyl]benzene-1,3-diol 

185914 -7.0 5-[2-(4-hydroxyphenyl)ethyl]benzene-1,3-diol 

445154 -6.9 5-[(E)-2-(4-hydroxyphenyl)ethenyl]benzene-1,3-diol 

73659198 -6.9 5-[(E)-2-(3-fluoro-4-hydroxyphenyl)ethenyl]benzene-1,3-diol 

  

  
FIG. 1: THE INTERACTION OF LIGANDS WITH THE HER2 AND THEIR CORRESPONDING INTERACTING RESIDUES 
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Their respective interaction with the target protein 

and their corresponding interacting residues is 

shown in Fig. 1(A-D).  

Assessment of Bioactivity Score & Lipinski 

Properties: Eleven ligands were chosen for the 

investigation of bioactivity score and Lipinski 

properties. The SMILES format of each selected 

natural compound was uploaded into 

Molinspiration web services 
22

. The equivalent 

molecular properties and bioactivity scores were 

retrieved. All the compounds showed no violations 

of all the five rules. The molecular weight of 

compounds less than 500, partition coefficient less 

than 5, Number of rotatable bonds less than 10, etc. 

The Log P value of top leads was found below five. 

Results of Lipinski properties of best virtual hits 

are depicted in Table 3. By analyzing the results of 

Molinspiration, it was known that the compounds 

have obeyed „Rule of five‟ and satisfy all 

bioactivity parameters, such as follows: GPCR 

ligand, Ion channel modulator, nuclear receptor 

ligand, protease inhibitor, an enzyme inhibitor, and 

kinase inhibitor 
23

.  

All these parameters were predicted by its score. 

The highest activity has the highest probability to 

be active. The score lies between -0.50 to +0.50 

then the compounds can consider for oral drugs. 

The compound [3-hydroxy-5-[(E)-2-(4-hydroxy-

phenyl) ethenyl] phenyl] hydrogen sulfate (CID: 

25113755) satisfies the Lipinski properties and 

bioactivity score, are shown in Table 4. 

TABLE 3: PHYSICOCHEMICAL PROPERTIES OF THE TOP LIGANDS 

Compound 

ID 

Chemical 

Formula 

M log 

P 

TPSA HBA HBD No. of rotatable 

bonds 

No. of 

violations 

Volume 

25113755 C14H12O6S 0.58 104.06 6 3 4 0 247.34 

152444 C14H14O4 1.92 80.91 4 4 3 0 221.13 

67144664 C14H11FO3 2.77 60.68 3 3 2 0 211.85 

185914 C14H
14O3 2.41 60.68 3 3 3 0 213.11 

445154 C14H12O3 2.99 60.68 3 3 2 0 206.92 

TABLE 4: CALCULATION OF BIOACTIVITY SCORE OF BEST COMPOUND 

Ligand 

ID 

GPCR 

ligand 

Ion channel 

modulator 

Kinase 

inhibitor 

Nuclear receptor 

ligand 

Protease 

inhibitor 

Enzyme 

inhibitor 

25113755 0.33 0.03 -0.06 0.20 0.39 0.65 

 

Toxicity Prediction Analysis: Based on the results 

from the Data warrior, the mutagenicity and 

carcinogenicity screening tests revealed the four 

ligands are non-mutagens and non-carcinogens. 

The following results represent that those 

compounds which were passed all toxicity 

parameters can be developed as future chemo 

preventive agents for the treatment of cancer. In-

silico toxicity profiles of all the parameters are 

illustrated in Table 5. 

TABLE 5: TOXICITY PARAMETERS OF BEST COMPOUNDS 

Chemical formula C14H12O6S C14H14O4 C14H11FO3 C14H14O3 

Log S -2.188 -2.07 -2.979 -2.366 

Mutagenicity None None None None 

carcinogenicity None None None None 

irritant None None None None 
 

CONCLUSION: The work based on in-silico 

studies showed that CID: 25113755 possess the 

good anticancer activity and better binding affinity 

value against the selected target protein HER2. And 

also this compound shows low molecular weight, it 

has no bad effect in toxicity profile and satisfied 

the Lipinski as well as bioactivity parameters. This 

new inhibitor can be recommended as a potential 

therapeutic drug candidate for the treatment of 

breast cancer.  

In future research work, the ADME & Toxicity 

profiles of these promising anticancer compounds 

can be tested in the wet lab, and in-vivo studies and 

research can proceed to clinical trials. 

ACKNOWLEDGEMENT: MK is thankful to 

university grants commission, New Delhi for 

financial support in the form of UGC-BSR 

(RFSMS) Senior Research Fellowship. YS is 

thankful to Human Resource Development for 

https://pubchem.ncbi.nlm.nih.gov/search/#query=C14H12O6S
https://pubchem.ncbi.nlm.nih.gov/search/#query=C14H14O4


Megana and Suneetha, IJPSR, 2019; Vol. 10(10): 4546-4551.                      E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4551 

Health Research, New Delhi (F.No.V.25011/542-

HRD/2016-HR). 

CONFLICT OF INTEREST: No conflict of 

interest is associated with this work. 

REFERENCES: 

1. Gutierrez C and Schiff N: HER2: Biology, detection, and 
clinical implications. Archives of Pathology & Laboratory 
Medicine 2011; 135(1): 55-62. 

2. Baselga J: Treatment of HER2-overexpressing breast 

cancer. Annals of Oncology 2010; 21(S-7): 36-40. 
3. Wheeler DL, Dunn EF and Harari PM: Understanding 

resistance to EGFR inhibitors-impact on future treatment 
strategies. Nature Reviews Clin Oncol 2010; 7(9): 493-07. 

4. AbMitri Z, Constantine T and O'Regan R: The HER2 
receptor in breast cancer: Pathophysiology, clinical use, 
and new advances in therapy. Chemotherapy Research and 
Practice 2012; 743193. 

5. Shah R, Rosso K and Nathanson SD: Pathogenesis, 
prevention, diagnosis and treatment of breast cancer. 
World Journal of Clinical Oncology 2014; 5(3): 283-98. 

6. Rebecca L, Siegel MPH, Kimberly D, Miller MPH and 
Ahmedin Jemal DVM: Cancer Statistics. CA: A Cancer 
Journal for Clinicians 2018; 68(1): 7-30. 

7. Hosford SR and Miller TW: Clinical potential of novel 
therapeutic targets in breast cancer: CDK4/6, Src, JAK/ 

STAT, PARP, HDAC, and PI3K/AKT/mTOR pathways. 
Pharmacogenomics and Personalized Medicine 2014; 7: 
203-15. 

8. Shapira N: The potential contribution of dietary factors to 
breast cancer prevention. European Journal of Cancer 
Prevention 2017; 26(5): 385-95. 

9. Pettapiece-Phillips R, Narod SA and Kotsopoulos J: The 
role of body size and physical activity on the risk of breast 
cancer in BRCA mutation carriers. Cancer Causes & 

Control 2015; 26(3): 333-44. 
10. Rossi RE, Pericleous M, Mandair D, Whyand T and 

Caplin ME: The role of dietary factors in the prevention 
and progression of breast cancer. Anticancer Research 
2014; 34(12): 6861-75. 

11. GBD: Mortality and Causes of Death Collaborators. 
Global, regional, and national age-sex specific all-cause 

and cause-specific mortality for 240 causes of death, 
1990–2013: a systematic analysis for the Global Burden of 

Disease Study 2013. Lancet 2015; 385: 117-71. 
12. Venugopal R and Liu RH: Phytochemicals in diets for 

breast cancer prevention: The importance of resveratrol 
and ursolic acid. Food Science and Human Wellness 2012; 
1: 1-13. 

13. Sulejman R: Wild medicinal plants and their usage in 
traditional human therapy. Journal of Medicinal Plant 
Research 2010; 4(11): 1003-27. 

14. Newman DJ and Cragg GM: Natural products as sources 

of new drugs from 1981 to 2014. Journal of Natural 
Products 2016; 79(3): 629-61. 

15. Hosseini A and Ghorbani A: Cancer therapy with 
phytochemicals: evidence from clinical studies. Avicenna 
Journal of Phytomedicine 2015; 5(2): 84-97. 

16. Lachenmeier DW, Godelmann R, Witt B, Riedel K and 
Rehm J: Can resveratrol in wine protect against the 
carcinogenicity of ethanol? A probabilistic dose-response 

assessment. International Journal of Cancer 2014; 134(1): 
144-53. 

17. Jasiński M, Jasińska L and Ogrodowczyk M: Resveratrol 
in prostate diseases - a short review. Central European 
Journal of Urology 2013; 66 (2): 144-49. 

18. Abba Y, Hassim H, Hamzah H and Noordin MM: 
Antiviral activity of resveratrol against human and animal 
viruses. Advances in Virology 2015; 184241. 

19. Yun H, Park S, Kim MJ, Yang WK, Im DU, Yang KR, 
Hong J, Choe W, Kang I, Kim SS and Ha J: AMP-
activated protein kinase mediates the antioxidant effects of 
resveratrol through regulation of the transcription factor 
FoxO1. The FEBS Journal 2014; 281(19): 4421-38. 

20. Xiao Q, Zhu W, Feng W, Lee SS, Leung AW, Shen J, Gao 
L and Xu C: A Review of resveratrol as a potent 
chemoprotective and synergistic agent in cancer 

chemotherapy. Frontiers in Pharmacology 2018; 9: 1534. 
21. Feinstein WP and Brylinski M: Calculating an optimal box 

size for ligand docking and virtual screening against 
experimental and predicted binding pockets. Journal of 
Cheminformatics 2015; 7: 18. 

22. http://www.molinspiration.com/cgi-bin/properties. 
23. Saha S and Acharya M: In-silico ADME-toxicity profiling, 

prediction of bioactivity and CNS penetrating properties of 
some newer resveratrol analogs. Journal of Pharma Sci-

Tech 2014; 3: 98-05. 

 

 

 

All © 2013 are reserved by 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: 
Megana KSNM and Suneetha Y: In-silico molecular screening of natural plant products for the identification of novel potential 
chemotherapeutic agents against breast cancer. Int J Pharm Sci & Res 2019; 10(10): 4546-51. doi: 10.13040/IJPSR.0975-8232.10(10). 
4546-51. 

 

 


