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Background: Dietary phytochemicals consist of a wide variety of biologically active compounds 
that are ubiquitous in plants, many of which have been reported to have anti-tumor as well as 
anti-inflammatory properties. Objective: In the present study, we aimed to validate these findings 
by using docking protocols and explicate the possible mechanism of action for a dataset of nine 
phytochemicals namely boswellic acid, 1-caffeoylquinic acid, ellagic acid, emodin, genistein, 
guggulsterone, quercetin, resveratrol, and sylibinin from different plants against the nuclear 
factor- kappaB (NF-kB) precursor protein p105, an important transcription factor reported to be 
overexpressed in breast cancer. Materials and Methods: 2-D structures of all phytochemicals 
were retrieved from PubChem Compound database and their subsequent conversion into 3-D 
structures was performed by using online software system CORINA. The X-ray crystallographic 
structure of the NF-kB precursor p105 was extracted from Brookhaven Protein Data Bank. 
Molecular docking simulation study was carried out by using AutoDock Tools 4.0. Results: Our 
results showed significant binding affinity of different phytochemicals with the Rel homology 
domain of the NF-kB precursor protein p105. Quercetin and 1-caffeoylquinic acid were found to 
be very effective inhibitors against target molecule as they showed binding energy of −12.11 
and −11.50 Kcal/mol, respectively. The order of affinity of other ligands with p105 was 
found as follows: guggulsterone > sylibinin > emodin > resveratrol > genistein > boswellic 
acid > ellagic acid. Conclusion: Our in silico study has explored the possible chemopreventive 
mechanism of these phytochemicals against the NF-kB precursor protein p105 and deciphered 
that quercetin, 1-caffeoylquinic acid and guggulsterone were the potent inhibitors against target 
molecule. In addition, large scale preclinical and clinical trials are needed to explore the role of 
these chemotherapeutic molecules against the NF-kB precursor protein p105 in cure and prevention 
of breast cancer.
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INTRODUCTION

Breast cancer is the most commonly diagnosed cancer and 
the primary cause of  cancer death in females worldwide. 
In general, incidence rates are high in Western and 
Northern Europe, Australia, New Zealand, North America, 

intermediate in South America, Northern Africa, low in 
sub-Saharan Africa, and Asia.[1] However, in many African 
and Asian countries including India, incidence and mortality 
rates have been rising.[2,3] According to Indian Council of  
Medical Research (ICMR) 2010 bulletin, breast cancer is 
the number one cancer in females with 50 000 deaths in 
the year 2010 and the annual rate of  increase is about 2.7%. 
The factors that contribute to variation in incidence rates 
largely stem from differences in reproductive and hormonal 
factors and the availability of  early detection services.[4,5]

Previously published reports indicate several molecular 
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Figure 1: Chemical structure of dietary phytochemicals (a) Boswellic Acid (b) 1-Caffeoylquinic acid (c) Ellagic Acid (d) Emodin (e) Genistein 
(f) Guggulsterone (g) Quercetin (h) Resveratrol (i) Sylibinin
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mechanisms which are responsible for breast cancer and 
the NF-кB pathway is one of  them which have been 
reported to be highly activated in breast cancer.[6,7] There 
is growing evidence implicating all vertebrate Rel/NF-кB 
transcription factors in human tumors.[8,9] The transcription 
factors of  the Rel/NF-кB family play an essential role in a 
number of  physiological processes including inflammatory, 
stress, and immune responses, apoptosis and cellular 
proliferation. [10- 12] The members of  this family include RelA 
(p65), RelB, c-Rel, p50/p105 (NF-кB1), and p52/p100 
(NF-кB2).[13] These proteins are structurally-related through 
an approximately 300 amino acid N-terminal domain called 
the Rel homology (RH) domain, which contains sequences 
important for DNA binding, dimerization, and inhibitor 
(IкB) binding. The C-terminal halves of  RelA, RelB, and 
c-Rel contain transcriptional activation domains, whereas 
the C-terminal halves of  p105 and p100 contain inhibitory 
domains. The mature DNA-binding forms of  p105 and 
p100 are shortened forms called p50 and p52, respectively. 
Nearly all Rel/NF-кB proteins can form homodimers and 
heterodimers, which bind to DNA target sites to influence 
gene expression. The most common dimer is a p50-RelA 
heterodimer, specifically called NF-кB.  In most normal 
cells, these Rel/NF-кB dimers are retained in the cytoplasm 
as an inactive complex through the direct binding of  an 
IκB inhibitor. Various signals can lead to degradation of  
the IκB protein and the resultant translocation of  the 
active Rel/NF-кB complex into the nucleus to differentially 
regulate the expression of  genes involved in various cellular 
processes.[14,15] Therefore, inhibition of  this pathway could 
provide a new insight in the assessment and management 
of  breast cancer.

With advancement of  research, new medications are 
regularly being developed to treat early and late stages 
of  breast cancer. These chemically synthesized drugs, 
though being effective, often have some major side 
effects including nausea, loss of  appetite, vomiting, 
diarrhea, drowsiness, mouth sores, headache, muscle/

joint pain, numbness/tingling/burning of  the hands/feet, 
weakness, dizziness, vaginal bleeding, hair thinning, and 
weight change etc. In a competitive bid to explore new 
therapeutic agents, research has been focused to find out 
natural drugs that are cost effective, easily available and 
have lesser side effects. Several dietary phytochemicals 
like emodin, guggulsterone, resveratrol, sylibinin, ellagic 
acid, genistein, boswellic acid, 1-cafeoylquinic acid, and 
quercetin are natural chemopreventive agents that have 
been found to be potent inhibitors of  NF-кB pathway with 
anticarcinogenic properties.[6,7,16-22] [Figures  1a-i]. These 
compounds may block any one or more steps in the NF-
кB signaling pathway such as the signals that activate the 
NF-кB signaling cascade, translocation of  NF-кB into the 
nucleus, and DNA binding of  the dimers. Therefore, in 
present study, we aimed to validate the above findings by 
using docking simulation studies and elucidate the feasible 
mechanistic aspects of  above mentioned phytochemicals 
from different plants against the NF-кB precursor 
protein p105.

MATERIALS AND METHODS

Retrieval of protein 3D structure
The crystal structure of  NF-кB (PDB: 1SVC) taken in 
this study was extracted from Brookhaven Protein Data 
Bank (http://www.rcsb.org/pdb). NF-кB was prepared for 
docking in such a way that all heteroatoms (i.e., nonreceptor 
atoms such as water, ions, etc.) were removed. CharMM 
force field was assigned and further subjected to two steps 
energy minimization to remove the bad steric clashes using 
steepest descent and conjugate gradient algorithm for 1000 
steps at RMS gradient of  0.01 and 0.05, respectively, during 
the energy minimization process the backbone was fixed.[23]

Retrieval of ligands 3D structure
Ligands of  interest [Table 1] were searched on PubChem 
database (http://pubchem.ncbi.nlm.nih.gov). The 
PubChem database contains structural and functional 
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information about different organic compounds. Each 
compound has its unique compound identification number 
(CID). The structure of  a compound is summarized 
as its SMILES (Simplified Molecular Input Line Entry 
Specification) string. This string was taken for each of  the 
ligand of  interest and submitted to another online software 
system CORINA (http://www.molecular-networks.com/
products/corina). It takes SMILES string as input and 
generates 3D structure of  the molecule whose structural 
coordinates file can be downloaded in PDB format 
suitable for AutoDock 4.0.[24] CharMM force field was 
applied to them and further subjected to single step energy 
minimization using steepest descent algorithm for 500 steps 
at RMS gradient of  0.01.[23] The 2-D structures of  different 
ligands are shown in Figures 1a-i.

Active site identification
Active site of  protein was identified by Q-Site finder 
(http://www.modelling.leeds.ac.uk/qsitefinder) which 
works by binding hydrophobic probes to the protein, 
and finding clusters of  probes with the most favorable 
binding energy. These clusters are placed in rank order of  
the likelihood of  being a binding site according to the sum 
total binding energies for each cluster. It takes PDB files 
or PDB ID of  proteins as input, predicts binding sites and 
gives residues responsible for making a particular binding 
site along with a graphic view of  that particular binding 
site as output.[25]

Docking simulation
Docking studies were performed using the AutoDock Tools 
4.0 in order to find the preferred binding conformations 
of  the ligands in the receptor.[26] The analysis of  the 

binding conformation uses a scoring function based on 
the free energy of  binding.[27] Among the stochastic search 
algorithms offered by AutoDock suite, we choose the 
Lamarckian Genetic Algorithm (LGA) which combines 
global search (Genetic Algorithm alone) to local search 
(Solis and Wets algorithm.[28] The grid parameter file of  
receptor was generated using AutoDock 4.0. A grid-box 
was generated that was large enough to cover the entire 
receptor binding site and accommodate ligand to move 
freely. The number of  grid points in x, y, and z-axes were 
60 × 60 × 60 Å. The distance between two connecting 
grid points was 0.375 Å. The center of  the ligand in the 
X-ray crystal structure was used as the center of  the grid-
box. AutoDock4 and a Lamarckian Genetic Algorithm 
(LGA) were used for receptor-fixed ligand-flexible docking 
calculations.[29] Ten search attempts were performed for 
ligand. The maximum number of  energy evaluations 
before the termination of  LGA run was 2500000 and the 
maximum number of  generations of  the LGA run before 
termination was 27000. Other docking parameters were set 
to the software’s default values. During docking process, a 
maximum of  ten different conformations was considered 
for the ligand. The conformer with the lowest binding free 
energy was used for further analysis.

Visualization of docked complex
The docked complex of  protein and ligand was visualized 
by Ligplot (http://biochem.ucl.ac.uk/bsm/ligplot/ligplot.
html) and ghost script viewer. Ligplot is a command line 
based program for automated plotting of  protein−ligand 
interactions from the 3-D structure coordinates file of  
protein−ligand complex and generates schematic diagrams 
of  this interaction, showing interacting residues of  protein 
and ligand, mediated by hydrogen bonds and hydrophobic 
interactions.[30] H-bonds are indicated by dashed lines 
between the atoms involved, while an arc represents 
hydrophobic contacts with spokes radiating toward the 
ligand atoms they contact. The contacted atoms are shown 
with spokes radiating back. After successful execution, 
ligplot generates post script file.

Ghost script viewer ((http://www.cs.wisc.edu/~ghost/
gsview/) is a GUI based application for viewing the post 
script files. This program was used to view the script files 
generated by ligplot for each protein−ligand interaction. 
After opening the post script file, GSV provides option to 
convert the image to one of  the standard image formats 
or the portable document format (PDF). Ligplots showing 
molecular interaction of  the NF-кB precursor p105 with 
different ligands is presented in Figures 2a-i.

Validation of docking protocol
The complex of  NF-кB precursor p105 co-crystallized with 
inhibitors is still unsolved till date. Therefore, a common 

Table 1: Dietary phytochemicals and their 
sources
Phytochemical CID Source (s) Botanical 

Name
Boswellic acid 168928 Boswellia Cydonia 

oblonga
1-Caffeoylquinic 
acid

10155076 Quince Salai 
guggul, 
Boswellia 
serrata

Ellagic acid 5281855 Pomegranate Punica 
granatum

Emodin 3220 Aloe Aloe vera
Genistein 5280961 Soyabean Glycine max
Guggulsterone 6450278 Guggulu Commiphora 

mukul
Quercetin 5280343 Onion, Apple 

and Citrus 
fruits

Allium 
cepa, Malus 
domestica

Resveratrol 445154 Grapes Vitis vinifera
Sylibinin 31553 Silymarin Sylibum 

marianum
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self-docking procedure to authenticate the accuracy of  
the docking protocol used in this study was not feasible. 
In order to conquer this situation, a structurally similar 
active compound (CID: 21600688) was used as test set 
and docked in to the binding site of  the protein. The 
top ranking conformational clusters from this dock 
were evaluated in terms of  root mean square deviation 
between docked position and experimentally determined 
position for the ligand. The low RMS (1.20 Å) between the 
experimental and docked co-ordinates of  ligand indicated 
same binding orientation that favored the validation of  
adopted docking protocol [Figure 3].

RESULTS

Among all natural compounds docked with the NF-кB 
precursor protein p105, quercetin, a compound derived 
from onion, apple, and citrus fruits was found to bind 
with the best efficacy in the RH domain of  p105 showing 
binding energy of  -12.11 Kcal and inhibition constant 
(Ki) of  0.002 µM which was followed by 1-caffeoylquinic 
acid derived from quince and guggulsterone derived from 
guggulu with binding energies of  −11.15 and -9.84 Kcal and 
inhibition constant (Ki) of  0.007 and 0.06 µM, respectively 
[Figures  2a-c; Table  2]. ARG57, ILE142, VAL115, 
LEU143, ARG59, PHE56, HIS67, PRO65, GLY141, and 
GLY64 residues of  p105 were engaged in hydrophobic 
interactions out of  which ARG57, ILE142, and VAL6 
residues were involved in hydrogen bond formation with 
quercetin providing stability of  its molecular interactions 
with p105. ARG59, GLY69, HIS67, ARG57, GLY68, 
PRO65, GLY141, PHE56, and VAL115 residues showed 
hydrophobic interactions with 1-caffeoylquinic acid in 
which HIS67 and ARG59 residues take part in hydrogen 
bonding. Similarly LYS147, LYS148, VAL150, PHE151, 

THR205, and LYS206 residues of  p105 were also involved 
in hydrophobic interactions.

It was found that apart from quercetin, 1-caffeoylquinic 
acid and guggulsterone other natural compounds namely 
boswellic acid, ellagic acid, emodin, genistein, resveratrol, and 
sylibinin also showed significant binding in the RH domain 
of  p105 with binding energies of  -8.03, -7.99, -8.56, -8.06, 
-8.36, and -8.68 Kcal, respectively, with inhibition constants 
in the range of  0.43−1.38 µM [Figures 2d-i; Table 2]. The 
current study also revealed some amino acid residues of  the 
RH domain that were playing important role in the proper 
orientation of  natural compounds within this domain. These 
include ARG59, VAL61, PRO65, HIS67, GLY68, ILE142, 
PHE151, GLU152, ARG157, and MET208 which were 
involved in making hydrogen bonds with different ligands. 
GLY68 was engaged in hydrogen bond formation at four 

Figure 3: Validation of docking protocol

Figure 2: Ligplots showing molecular interaction of the NF-kB precursor p105 with different dietary phytochemicals (a) quercetin (b) 1-caffeoylquinic 
acid (c) guggulsterone (d) sylibinin (e) emodin (f) resveratrol (g) genistein (h) boswellic acid (i) ellagic acid
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instances and might be considered as a key residue in the 
binding of  these dietary agents with the NF-кB precursor 
protein p105.

DISCUSSION

The overexpression/activation of  NF-кB transcription 
factor has already been reported in breast cancer cells, 
where it affects cell proliferation, suppresses apoptosis as 
well as promotes tumor growth.[31-33] Indeed, a variety of  
breast cancer cell lines displays increased NF-кB DNA 
binding activity.[34] The p50/RelA heterodimer has been 
reported to be activated in 86% of  estrogen receptor 
(ER)-negative, Her2/ErbB2-positive breast tumors.[35] In 
fact, Her2/ErbB2 activates NF-кB by a mechanism that 
involves the PI3K/Akt pathway and utilizes calpain to 
degrade IкBα.[36] ERs have been shown to regulate NF-кB 
negatively by a variety of  mechanisms.[37]

Interestingly, other NF-кB family members have also 
been implicated in breast cancer. Transgenic mice with 
mammary cell-specific c-Rel expression have been reported 
to develop mammary tumors.[38] Moreover, approximately 
40% of  breast tumors showed an increased binding 
potential of  p50- and p52-containing complexes with 
an increased expression of  Bcl-3.[39] Additionally, it was 
reported that enhanced DNA-binding activity associated 
with the p50 NF-кB subunit is associated with ER-
positive breast cancers destined for early relapse despite 
adjuvant endocrine therapy with tamoxifen, suggesting 
an involvement of  this aspect of  the NF-кB pathway in 
endocrine-resistant breast cancer.[40] Recently, Eddy et al. 
(2005) provided evidence that NF-кB activation in breast 

cancer cell lines is associated with aberrant expression of  
the IKKε subunit.[41] Interestingly, it was found that, in 
certain cancer cells, IKKε can induce the phosphorylation 
of  RelA at Ser-536.[42] These results raise the possibility that 
breast tumor subtypes exhibit different forms of  NF-кB 
activation, some associated with enhanced p50/RelA DNA 
binding, some with enhanced p50- or p52-DNA binding 
activity, some with enhanced c-Rel expression, and some 
with increased Ser-536 phosphorylation of  RelA.

All the phytochemicals mentioned in this study have already 
been shown to have anticarcinogenic properties and inhibit 
the NF-кB pathway in different cancer cell lines. Emodin 
has been shown to inhibit tumor necrosis factor-alpha 
(TNF-α)-induced NF-κB activation and IкB degradation in 
human vascular endothelial cells.[16] Guggulsterone has been 
reported to inhibit NF-кB and IкBα kinase activation in 
human non-small cell lung carcinoma (H1299) and human 
lung epithelial cell carcinoma (A549) cells.[17] TNF-induced 
activation of  NF-кB in myeloid (U-937), lymphoid (Jurkat), 
and epithelial (HeLa and H4) cells has been shown to be 
suppressed by resveratrol.[18] Sylibinin strongly inhibited 
the growth and survival of  human endothelial cells via 
cell cycle arrest and downregulation of  survivin, Akt and 
NF-кB.[19] In another study, sylibinin inhibited constitutive 
and TNF-α-induced activation of  NF-κB and sensitized 
human prostate carcinoma DU145 cells.[20] Similarly, ellagic 
acid induced apoptosis through inhibition of  NF-кB in 
human pancreatic cancer cells.[21] Inhibition of  NF-κB 
activity by genistein is mediated via Notch-1 signaling 
pathway in human pancreatic cancer cell line BxPC-3.[6] 
Gong et al. (2003) have reported that inactivation of  NF-
кB by genistein is mediated via Akt signaling pathway in 

Table 2: Molecular interaction studies of phytochemicals with the NF-κB precursor p105
Phytochemical Binding 

energy 
(Kcal/mol)

Inhibition 
constant 

(µM)

Residues involved in 
H-bonding

Residues making hydrophobic contacts

Boswellic acid -8.03 1.30 ARG157 ARG157, ALA62, THR146, LYS149, VAL61, 
VAL145, TYR60, LEU143, THR153

1-Caffeoylquinic 
acid

−11.15 0.007 HIS67, ARG59 ARG59, GLY69, HIS67, ARG57, GLY68, PRO65, 
GLY141, PHE56, VAL115

Ellagic acid -7.99 1.38 GLY68, VAL61 GLY68, VAL61, ARG59, PRO65, GLY64, GLY141, 
VAL115, LEU143

Emodin -8.56 0.53 GLY68 GLY68, LEU143, GLY141, VAL115, ARG59, 
PRO65, ASN139, GLY116

Genistein -8.06 1.27 GLY68 GLY68, LEU143, VAL115, GLY141, ARG59, 
PRO65, ASN139, GLY116

Guggulsterone -9.84 0.06 No H-Bond LYS147, LYS148, VAL150, PHE151, THR205, 
LYS206

Quercetin −12.11 0.002 ARG57, ARG57, 
ILE142, VAL61

ARG57, ILE142, VAL115, LEU143, ARG59, PHE56, 
HIS67, PRO65, GLY141, GLY64

Resveratrol -8.36 0.75 PRO65, HIS67, 
ILE142, GLY68, ARG57

PRO65, HIS67, GLY68, ILE142, ARG57, VAL61, 
LEU143, VAL115, GLY64, ARG59, GLY141, PHE56

Sylibinin -8.68 0.43 GLU152, PHE151, 
MET208

GLU152, PHE151, LYS148, LYS147, LYS206, 
THR205, VAL150
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human breast cancer cell line MDA-MB-231.[7]

Our docking results illustrated these dietary phytochemicals 
as potent inhibitors of  the NF-кB pathway and initially 
demonstrated the binding of  these natural compounds with 
the NF-кB precursor protein p105 in its RH domain (amino 
acid sequence 42-367) which contains sequences important 
for DNA binding and dimerization. Our results showed 
that quercetin bind with the best efficacy in the RH domain 
of  NF-кB which was followed by 1-caffeoylquinic acid and 
guggulsterone. Since these phytochemicals bind p105 in 
its RH domain, there may be two consequences, first, the 
dimerization of  shortened form p50 could be hampered 
and second, if  somehow p50 forms a functional homo- or a 
heterodimer with other members of  the Rel/NF-кB family, 
the DNA binding of  these functional dimers at kB sites would 
be hindered and ultimately the genes which are regulated by 
NF-кB would not be expressed. So, based on above results, 
quercetin, 1-caffeoylquinic acid, and guggulsterone were 
found to be more potent inhibitors of  NF-κB pathway in 
comparison to boswellic acid, ellagic acid, emodin, genistein, 
resveratrol, and sylibinin. Thus, we propose that molecular 
interaction of  these natural compounds with NF-кB DNA 
binding domain (RH domain) might be the reason for their 
NF-кB inhibitory activities.

CONCLUSIONS

In summary, the results of  the present study have provided 
a mechanism by which phytochemicals inhibited the NF-кB 
pathway involved in the regulation of  many genes responsible 
for tumor growth and metastasis. Furthermore, this study 
would be useful in both understanding the inhibitory mode 
of  dietary phytochemicals as well as in rapidly and accurately 
predicting the activities of  newly designed inhibitors on the 
basis of  docking scores. These models would also provide 
some valuable clues in structural modification for designing 
new and more potent chemotherapeutic agents against 
breast cancer. In addition, further in vitro and in vivo studies 
are required to explore the role of  these chemotherapeutic 
molecules against the NF-кB precursor protein p105 in cure 
and prevention of  breast cancer.
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