
MOLECULAR DOCKING STUDIES OF PIPER 

LONGUM AGAINST BREAST CANCER 

J.Jayachitra#1 and  S. Seethalakshmi*2 

 
#1 Assistant professor, Post Graduate  Research Department of  Biochemistry, Rabiammal 

Ahamed Maideen College for Women – 610001, Tamilnadu, India. 
 

*2 Post Graduate  Research Department of  Biochemistry, Rabiammal Ahamed Maideen 
College for Women – 610001, Tamilnadu, India. 

 
 

ABSTRACT 
 

Breast cancer will be diagnosed in 12% of women in the United States over the course 

of their lifetimes and more than 250 000 new cases of breast cancer were diagnosed in the 

United States in 2017. A cancer is called estrogen-receptor-positive (or ER+) if it has 

receptors for Estrogen. This suggests that the cancer cells, like normal breast cells, may 

receive signals from estrogen that could promote their growth and to evaluated medicinal 

plant using this Piper longum fruit has been used in traditional medicine, including the 

Ayurvedic system of medicine. Although there are numerous indications for its use, 

controlled trials are needed to determine its usefulness and Piperlongumine is a natural 

product found in the plant species Piper longum and this compound exhibits potent anticancer 

activity in multiple tumor types and has been characterized as an inducer of reactive oxygen 

species (ROS). Treatment of Panc1 and L3.6pL pancreatic, A549 lung, 786-O kidney, and 

SKBR3 breast cancer cell lines with 5-15 μM piperlongumine inhibited cell proliferation and 

induced apoptosis and ROS, and these responses were attenuated after cotreatment with the 

antioxidant glutathione. The completion of the human genome project has resulted in an 

increasing number of new therapeutic targets for drug discovery. At the same time, high-

throughput protein purification, crystallography and nuclear magnetic resonance 

spectroscopy techniques have been developed and contributed to many structural details of 

proteins and protein–ligand complexes. This study focuses on current approaches and 

evolving strategies for local and systemic therapy of breast cancer. 
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 INTRODUCTION: 
 
                The assessment of hormonal receptor (HR) and human epidermal growth factor 

receptor-2 (HER2) status by immunohis- tochemistry (IHC) groups breast cancer into three 

major subtypes: 1) luminal-like subtype (HR positive/HER2 negative); 2) HER2 subtype 

(HER2 positive and HR negative/positive); and 3) triple negative subtype (HR 

negative/HER2 negative). 1 Luminal-like is the most common breast cancer subtype with 

with a superior survival rate than HER2 and triple negative sub- types 1,2 ; however, little is 

known about the failure patterns or long- term outcomes of each subtype. Unlike other breast 

cancer sub- types, more than half of the recurrences in luminal-like subtype occur 6 or more 

years after treatment.  Therefore, long-term survivorship follow-up in large patient databases 

is required for the development of better therapeutic decisions and follow-up pro-grams. 

(Trachootham  et al., 2006). 
 

Examined the prognostic factors surrounding the 10-year breast cancer recurrence-

free survival (RFS) Breast cancer is the most common cancer among women, the number one 

cause of cancer mortality, and one of the leading causes of morbidity and mortality for 

women worldwide. This represents a major change in morbidity and mortality specific to 

women; only 50years ago, cervical cancer and morbidity associated with childbearing were 

the leading healthcare problems of women The main risk factor for breast cancer is age. 

Other significant risk factors are low parity and low rates of breastfeeding, which explains 

more than any other factor why breast cancer is the classical cancer of high- resource nations 

and continues to increase in almost all countries. 
 

Breast cancer has always been a common disease of women. It is no coincidence that 

the surgical treatment of breast cancer was one of the first systemized surgical treatments 

during the first surgical revolution at the end of the 19th century. The scientific description 

and assessment of the radical mastectomy by Halstead remains both in its ground-breaking 

association of science and surgery as well as with regard to its limitations as an overly radical 

local solution to a systemic disease a fascinating. Example of how oncologic treatment 

started off barely 120 years ago Life expectancies in high-resource nations in Europe, North 

America, and Australia for women now reach 80-plus years. Life expectancies in China and 

India, representing almost 40% of the worlds population, have continued to increase at 

dramatic rates. The same can be said of Southeast Asia, post communist eastern Europe, and 

South America. The worlds population continues to increase in size, albeit at a decreasing 

rate. The single most important demographic factor deter- mining future healthcare burdens 
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will be age. For the gynecologist, this means an increase in diseases associated with age: problems 

of hormone deficiency, pelvic floor problems, and genital cancers such as en-dometrial and vulvar 

cancer. (Hedrick  et al., 2016). The incidence of ovarian cancer appears to be decreased by the use 

of oral contraceptives. The one oncologic disease certain to increase is breast cancer: a disease 

affecting all ethnic groups in all prospering nations. 
 

Breast cancer is an individual tragedy for those affected. It is a highly curable disease when 

detected early, and an inevitably mortal disease when discovered too late. Access to high-quality 

care leading to early diagnosis can mean the difference between life and death. Access to proper 

surgical and medical treatment can mean the difference between life and death. 
  

Primary neuroendocrine carcinoma of the breast (NECB) was initially described as breast 

cancer with carcinoid-like growth patterns in 1963( Sapino et al 2002). First proposed a specific 

definition for NECB, which was subsequently adopted by the World Health Organization (WHO) 

as a unique type of breast cancer the following year.3 According to the latest WHO classification in 

2012, breast tumors with neuroendocrine (NE) differentiation based on morphology are classified 

into three groups regardless of the percentage of tumor cells expressing NE markers of NECB.4 A 

differential diagnosis of primary NECB from metastatic lesions is Essential. The presence of ductal 

carcinoma in situ (DCIS) is valid proof of the primary nature or whether a non-mammary primary 

can be clinically ruled out. The reported age of occurrence ranges from 20 to 83 years, with higher 

incidence (60.2%) in patients aged 50 years. The majority of cases have been reported in women, 

with only two cases reported in men. NECB is a rare but more aggressive type of mammary 

carcinoma compared to invasive ductal mammary carcinoma. Optimal treatment requires 

simultaneous consideration of both breast in situ and NE tumor features. 

 
 
 ER+ (Estrogen -receptor-positive) 
 

Breast cancer is a heterogeneous disease and risk factors could be differentially associated with 

the development of distinct tumors subtypes that manifest different biological behavior and progression. 

In support of this view, there is growing evidence that known breast cancer risk factors vary by hormone 

receptor status and perhaps other pathological characteristics of disease. Recent work from large 

consortial studies has lead to the discovery of novel breast cancer susceptibility loci in genic (CASP8, 

FGFR2, TNRC9, MAP3K1, LSP1) and non-genic regions (8q24, 2q35, 5p12) of the genome, and has 

demonstrated substantial heterogeneity by tumor characteristics. In particular, susceptibility loci in 

FGFR2, TNRC9, 8q24, 2q35, 5p12 have stronger associations for estrogen receptor positive disease 

(ER +) than estrogen receptor negative disease (ER −). These findings suggest that common genetic 
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variants can influence the pathological subtype of breast cancer, and provide further support for the 

hypothesis that ER+ and ER− disease result from different etiologic pathways. 

                  Improvements in the understanding of the biological mechanisms for breast cancer, and 

ultimately result in improvements in prevention, early detection and treatment Breast cancer is the 

second leading cause of cancer deaths among women.. The pathogenesis and tumor drug-resistant 

mechanisms are revealed by discovering breast cancer stem cells, and many genes are found related 

to breast cancer. Currently, people have more drug options for the chemoprevention of breast 

cancer, while biological prevention has been recently developed to improve patients’ quality of life. 

In this review, we will summarize key studies of pathogenesis, related genes, risk factors and 

preventative methods on breast cancer over the past years. These findings represent a small step in 

the long fight against breast cancer (Reynolds  et al.,2004).  

              MC1R is the receptor of two melanocortin peptides synthesised in the pituitary gland, 

alpha melanocyte stimulating hormone (a-MSH) and ACTH. These have the same affinity for 

MC1R, and are cleavage products of the large precursor peptide propiomelanocortin. Their binding 

to this receptor activates adenylate cyclase, increases intracellular c-AMP production, then leads to 

enhanced tyrosinase transcription and traduction, and, ultimately, to production of photoprotective 

eumelanin and melanocyte proliferation. Regulation of melanogenesis also depends on many 

paracrine factors, such as agouti signalling protein (ASP), an MC1R antagonist, and endothelin. 

Recently, the physiological role of ASP in the regulation of human pigmentation has been 

suggested. 
 

This role may be through the association of a polymorphism, localised 25bp downstream of 

the TGA termination codon in the non coding exon 4 of the ASP gene, with dark hair and eye 

colours in a Caucasian population from Pennsylvania. Recent investigations have demonstrated that 

MC1R is highly polymorphic in the Caucasian population. About 30 variants have been described, 

of which nine have been demonstrated to be loss of function variants (Russo  et al.,1994). 

 
           
Pharmacological activities 
 
              Being the most intelligent and developed animal humans are the most dominating species in 

this world but that is not the end of the story. However, we are best but we are not safe. The world is a 

deadly war battle. Surviving here is a major agenda to all species. Nevertheless, numerous gifts from 

God in the name of Herbs gives us plenty ways to survive. Pippali or Piper longum is one of them, with 

hundreds of benefits. So let us explore it. Long pepper reached Greece in the 6th or 5th century BC 
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through Hippocrates, who was the first person to mention it, and has discussed it as a medicament and 

as a spice.  

                In Vedic period there is a reference that, Pippali was originated during the time of 

Samudra Manthan. . When Vasisthamuni’s son was ceased, he was depressed so he wished to have 

more progeny and he consumed Pippali fruit by which he had more progeny. So, the name Pippali 

came to that fruit. (Jaimini Brahmana 3/149) . Various Synonyms have been used for Pippali viz. 

Atividdhabhaishaja, Kshipta bhaishaja (Narahari Pandit et al,.1998). 

 

 Piperlongumine 
 
                Piperlongumine (PL) is a natural product constituent of the fruit of the Long pepper 

(Piper longum) a pepper plant found in southern India and southeast Asia. Piperlongumine may 

have anti-cancer properties. In in vitro experiments, it selectively kills some types cancer cells over 

normal cells. One study in a xenograft mouse model of cancer showed that piperlongumine inhibits 

the growth of malignant breast tumors and their associated metastases. Although this study has been 

retracted. Its anticancer effects may be due to silencing the GSTP1 gene. Piperlongumine inhibits 

the migration of breast cancer cells (MDA-MB-231), an approach for discovering antimetastatic 

agents. Some piperlongumine derivatives were potent anti-inflammatory agents. 

Human beings always made use of plants to alleviate suffering and diseases. From thousands of 

years nature has been a source of medicinal agents. Those plants that have pharmacological activity 

are termed as medicinal plants or herbs. Medicinal plants offer alternative remedies with 

tremendous opportunities. Many traditional healing herbs and plant parts have been shown to have 

medicinal value especially in the rural areas and that these can be used to prevent and cure several 

human diseases. 

              In addition, plant based drugs remain an important source of therapeutic agents because of 

their availability, relatively cheaper cost and non-toxic nature, when compared to modern medicine. 

Plants have the ability to synthesize a wide variety of chemical compounds that are used to perform 

important biological functions, and to defend against attack from predators such as insects, fungi 

and herbivorous mammals. . However, perhaps only about 1% of these are acknowledged through 

scientific studies to have therapeutic value when used in extract form by human (MacMahon . et 

al.,1990). 
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Molecular docking: 
 

Molecular docking is a key tool in structural molecular biology and computer-assisted drug 

design. The goal of ligand—protein docking is to predict the predominant binding mode(s) of a 

ligand with a protein of known three-dimensional structure. Successful docking methods search 

high-dimensional spaces effectively and use a scoring function that correctly ranks candidate 

dockings. Docking can be used to perform virtual screening on large libraries of compounds, rank 

the results, and propose structural hypotheses of how the ligands inhibit the target, which is 

invaluable in lead optimization. The setting up of the input structures for the docking is just as 

important as the docking itself, and analyzing the results of stochastic search methods can 

sometimes be unclear. This chapter discusses the background and theory of molecular docking 

software, and covers the usage of some of the most-cited docking software. 

Programs based on different algorithms were developed to perform molecular docking 

studies, which have made docking an increasingly important tool in pharmaceutical 

research(Marcus , et al.,2000). Various excellent reviews on docking have been published in the 

past, and many comparison studies were conducted to evaluate the relative performance of the 

programs. The molecular docking approach can be used to model the interaction between a small 

molecule and a protein at the atomic level, which allow us to characterize the behavior of small 

molecules in the binding site of target proteins as well as to elucidate fundamental biochemical 

processes. 

 

MATERIALS METHODS: 
 
 Molecular docking: 
 
 PUBMED: 
 

Pubmed is a service of national library of medicine that includes over 18 million citations 

from MEDLINE and other life science journals for biomedical articles back to 1948. Pubmed 

includes links to fall text articles and other related resources (Chen  et al., 2009). PubMed is a free 

search engine accessing primarily the MEDLINE database of references and abstracts on life 

sciences and biomedical topics.  

The United States National Library of Medicine (NLM) at the National Institutes of Health 

maintains the database as part of the Entrez system of information retrieval. From 1971 to 1997, 

MEDLINE online access to the MEDLARS Online computerized database primarily had been 

through institutional facilities, such as university libraries. PubMed, first released in January 1996, 
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ushered in the era of private, free, home- and office-based MEDLINE searching. The PubMed 

system was offered free to the public starting in June 1997. 

PDB: 
 

The Protein Data Bank (PDB) was established at Brookhaven National Laboratories (BNL) 

in 1971 as an archive for biological macromolecular crystal structures. In the beginning the archive 

held seven structures, and with each year a handful more were deposited. In the 1980s the number 

of deposited structures began to increase dramatically. This was due to the improved technology for 

all aspects of the crystallographic process, the addition of structures determined by nuclear 

magnetic resonance (NMR) methods, and changes in the community views about data sharing. By 

the early 1990s the majority of journals required a PDB accession code and at least one funding 

agency (National Institute of General Medical Sciences) adopted the guidelines published by the 

International Union of Crystallography (IUCr) requiring data deposition for all structures. 

 The mode of access to PDB data has changed over the years as a result of improved 

technology, notably the availability of the WWW replacing distribution solely via magnetic media. 

Further, the need to analyze diverse data sets required the development of modern data management 

systems. Initial use of the PDB had been limited to a small group of experts involved in structural 

research. Today depositors to the PDB have varying expertise in the techniques of X-ray crystal 

structure determination, NMR, cryoelectron microscopy and theoretical modeling. 

 

NCBI Pubchem Compound: 
 

The National Center for Biotechnology Information (NCBI) formed in 1988 as a division of 

the National Library of Medicine (NLM) at the National Institutes of Health (NIH). Among other 

responsibilities, the NCBI facilitates the use of databases and software and performs research on 

advanced methods of computer-based information processing for analyzing the structure and 

function of biologically important molecules including proteins. 

 

Methodology: 
 

1. Retrieving Target.pdb files from major protein databases 
 

2. Retrieving Ligand.pdb files from major ligand databases 
 

3. Preparing PDBQT format for Target and ligand (Target.pdbqt, Ligand.pdbqt), Grid and 

Docking Parameter file (a.gpf and a.dpf) using AutoDock 4.2 
 

4. Prepare Target.pdbqt and ligand.pdbqt file 
 

5. Preparation of Grid Parameter File (a.gpf) and Docking Parameter File (a.dpf) 
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6. Using Cygwin for Molecular Docking 
 

7. Analyzing results and Retrieving Ligand-Enzyme interaction complex .pdb 
 

8. Retrieving Ligand-Enzyme interaction complex .pdb. 
 

 
 

RESULT AND DISCUSSION: 
 
Table :1                                                        Receptor details 
 

S.No Receptor Name PDB Id 
   
1. ER+(Estrogen-receptor-positive) 5FQP 

 (Breast cancer)  
   

 
 
 
 
Table :2                                                           Ligand details 
 

S.No Ligand Name Pubchem Id 
   
1. Piperlongumine 637858 

   
 
 
 
 
Table :3                                     Binding energies at different runs 
 

Cluster rank Lowest binding Run Mean binding 

 energy   energy  

      
1 -7.14  1 -6.92  

      

2 -6.77  6 -6.74  
      

3 -6.45  2 -6.45  
      

4 -6.11  8 -6.11  
      

 
 
Table:4                                                    Bond specifications 

 
S.No Type of bond Amino acid Ligand atom Bond length 

  residue   (Å) 
      

1 Hydrogen SER395  O 2.706036 
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Fig: 1.Docked complex of Piperlongumine and ER+ gene 
 
 
                       The above insilico studies showed the binding energy between Piperlongumine 

and ER+ gene. 1st 6h, 2nd and 8th run of molecular docking shows binding energy such as -

6.92, - 6.74, -6.45, -6.11respectively with a valid Hydrogen bond at Amino acid residue 

(SER395). 

 

 CONCLUSION: 
 

Nowadays, bioactive pharmaceuticals from biological source is the emerging one to 

satisfy the Breast cancer carcinogenesis treatment. Our results reveals that, Piper longum 

have strong anticancer activity through molecular docking studies. Piper longum have some 

bioactive compounds such as Piperlongumine which showed a greater activity against ER+ 

gene oncogene. In future, this study might be greater approach to Breast cancer therapy. 
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