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ABSTRACT
This study is aimed to evaluate the impact of Benzo (f) chromen-3-one, a plant compound present in Artemisia 
vulgaris, which was retrieved from PubChem database, as a nNuclear factor kappa B (NF-κB) inhibitor, a key 
regulator found to be chronically activated in various ailments, such as cancer, diabetes, rheumatoid arthritis, 
Alzheimer’s, and inflammation etc. Molecular properties of the compound were analyzed using Molinspiration and 
Swiss ADME servers. Molecular docking studies were performed followed by pathway analysis using STRING and 
KEGG databases. Docking results indicate greater binding affinity of the compound with NF-κB molecule. Molecular 
properties of the compound are in agreement with the Lipinski rule of five and also possess good pharmacological 
properties. Pathway analyses clarify the connecting link between various ailments in inflammation-induced disease 
pathogenesis. Our computational analysis rationalizes the inhibitory ability of naturally occurring plant compound to 
alter the NF-κB signalling pathway. Docking studies substantiates the hypothesis that Benzo (f) chromen-3-one has 
significant potential to inhibit the NF-κB.

INTRODUCTION
Inflammation is an important process of a body’s 

defense system in response to damage to the tissues and cells 
by pathogens, noxious stimuli, such as chemicals or physical 
injury, which acts to repair or removal of the damaged tissue or 
neutralizes the harmful effects (Ferrero et al., 2006; Maslinska 
et al., 1998). Inflammatory response is characterized by 
endothelial permeability, platelet aggregation to the vessels in 
the vicinity of the injured site, migration of several cell types, the 
growth of new tissues and blood vessels. Inflammation is mediated 
by secretion of pro-inflammatory cytokines like bradykinins, 
serotonin, histamines, prostaglandins, and nitric oxide. These 
pro-inflammatory mediators contribute to the clinical picture 
of redness, pain, swelling, and heat. The expression of many 
proteins, including pro-inflammatory cytokines, chemokines, 

and enzymes of the arachidonic acid cascade is regulated by the 
transcriptional factor nuclear factor kappa B (NF-κB) (Karin 
et al., 2005; Pahl et al., 1999). Hence, NF-κB is considered as 
the primary regulator of the inflammatory process.

NF-κB is a nuclear factor of kappa-light-chain-enhancer 
of activated B cells which exists as a heterodimer and involved 
in the regulation of cell signaling responses and plays a vital 
role in the regulation of cellular processes involved in immune 
response, differentiation, cell proliferation, and apoptosis 
(Baldwin et al., 1996). The family of NF-κB transcriptional 
factor is intermediately involved in the regulation and expression 
of numerous genes in the setting of the inflammatory response. 
The members of the NF-κB family include p65 (Rel-A), Rel-B, 
c-Rel, P50/P105 (NF-κB1), and P52/P65 (NF-κB2). NF-κB1 
and NF-κB2 are synthesized as a large precursor P105/P100, 
which is post-translationally modified to P50 and P52 (Ghosh 
et al., 1998). All the members of the NF-κB family have 
N-terminal Rel homology domain that allows DNA binding and 
dimerization and nuclear localization in common. Many in vitro 
and in vivo studies have reported the contribution of components 
in the NF-κB signaling pathway to the pathogenesis of various 
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ailments. NF-κB plays an important role in inflammation and 
cell proliferation, angiogenesis, and pannus formation.

NF-κB is activated by different inflammatory stimuli, 
such as bacterial infection, lipopolysaccharides, injury, UV 
radiation, reactive oxygen species (ROS) and inflammatory 
cytokines (tumor necrosis factor-α; TNF-α), and interleukin-6 (IL-
6) through phosphorylation by IKappa B kinase and proteasome 
degradation of the IκB complex. The activated NF-κB is 
translocated into the nucleus which activates the transcription of 
various genes to synthesize different proinflammatory mediators, 
such as cytokines, chemokines, adhesion molecules, phospholipids, 
lipoxygenases, cyclooxygenases, inducible nitric oxide synthase 
(iNOS), and myeloperoxidases. Abnormal activation of the NF-
κB pathway is involved in degenerative chronic inflammatory 
diseases, such as asthma, rheumatoid arthritis, atherosclerosis, 
Alzheimer’s, and inflammatory bowel disease (Collins et al., 
2001; Tak et al., 2001). NF-κB has an evolutionary conserved 
domain that plays an important role in many biological processes 
in addition to inflammation through signaling systems. 

Diabetes mellitus is the most common endocrine 
disorder in humans. Besides β-cell failure, the major 
pathophysiological event contributing to type-2 diabetes (T2D) 
is the resistance of target tissue to insulin. Pathogenesis of T2D 
involves abnormalities in both insulin secretion and action 
(Ginsberg et al., 2000; Saltiel et al., 2001). Various in vitro and 
in vivo based experimental studies suggest that NF-κB activation 
is a key event early in the pathobiology of diabetes (Sandip et al., 
2009). NF-κB induces iNOX mediated insulin resistance through 
insulin receptor substrate (IRS), followed by down-regulation 
of glucose transporter type-4 (GLUT-4). Alzheimer’s, a chronic 
and progressive neurodegenerative disease, is a leading cause 
of dementia in older people (Revadiger et al., 2014), which is 
characterized by the extracellular deposition of β-Amyloid (Aβ) 
aggregates (senile plaques) and intra-neuronal neurofibrillary 
tangles (hyper-phosphorylated tau proteins) and loss of neurons in 
the brain (Tamagno et al., 2008). Numerous studies have shown 
that Aβ or secreted form of the amyloid precursor protein (APP) 
induces up-regulation of NF-κB. Aβ and tau can undergo a non-
enzymatic glycation and forms advanced glycation end-products 
(AGEs). These AGEs bind to a receptor of AGEs (RAGEs) and can 
trigger NF-κB dependent gene transcription (Vitek et al., 1994).

Tumorigenesis is a multistep process that can be activated 
by any of the various environmental carcinogens, inflammatory 
agents, and tumor promoters, which are known to modulate the 
transcriptional factors, pro-apoptotic proteins, protein kinases, 
cell cycle proteins, Cox-2, and growth factors (Aggarwal et al., 
2004). A number of constitutively activated signaling pathways 
play a critical role in the survival and growth of cancer. These 
include NF-κB, phosphoinositide 3-kinase (PI3K)/protein kinase 
B and Janus kinase/signal transducer and activator of transcription 
survival pathway. NF-κB is widely recognized as the key positive 
regulator of cancer cell proliferation and cell survival via many 
pro-survival and anti-apoptotic genes (Feinman et al., 1999).

Constitutively activated NF-κB in chronic inflammatory 
patients has been found to be the critical linkage with a wide variety 
of human diseases, including asthma, atherosclerosis, AIDS, 
Alzheimer’s, Parkinson’s disease, diabetes (Sandip et al., 2009), 
myeloma (Feinman et al., 1999), acute myelogenous leukemia 

(Griffin et al., 2001), acute lymphocyte leukemia (Kordes et al., 
2000), chronic myelogenous leukemia (Baron et al., 2002), and 
prostate (Palayoor et al., 1999), breast cancers (Nakshatri et al., 
1997), rheumatoid arthritis, and osteoporosis which belong to 
autoimmune/inflammatory diseases (Gupta et al., 2010).

Many studies have reported that the compounds derived 
from plant source exert their anti-inflammatory and anticancer, 
anti-diabetic, and neuroprotective role through the suppression of 
NF-κB. NF-κB acts as a crossroad of many signaling pathways. 
Molecular regulation of NF-κB will give a great platform to 
exploit the transcriptional factor as a therapeutic target.

Present study is designed to evaluate the pharmacological 
properties of Benzo (f) chromen-3-one, a plant compound present in 
A. vulgaris (Sandeep et al., 2018) as a modulator in NF-κB pathway, 
a key regulatory molecule chronically activated in various ailments.

METHODOLOGY
Benzo (f) chromen-3-one, a plant compound present 

in A. vulgaris was selected for pharmacophore analysis. Benzo 
(f) chromen-3-one analogs were designed by modifying the 
pharmacophore moiety. Structures of Benzo (f) chromen-3-
one were retrieved from PubChem database (CID-540269), and 
its analogs were drawn and analyzed using ChemDraw Ultra 
V6.0. 3D. Structures were energy minimized in Arguslab tool 
using universal force field with 1,000 steps and then converted 
to Autodock Pdbqt format in PyRx.  Molecular properties of 
the compounds were analyzed using organic chemistry portal 
tool, Molinspiration (http://www.molinspiration.com/cgi-
bin/properties). The Benzo (f) chromen-3-one molecule was 
studied using SWISS ADME tool. Three-dimensional X-ray 
crystal structure of NF-κB molecule (PDB ID: 3GUT) was 
retrieved from PDB (www.rcsb.org/pdb). Water molecules and 
heteroatoms present in the crystal structures were removed and 
partial charges were added to hetero groups and hydrogen atoms 
were added and energy minimized in Swiss PDB viewer (Guex 
and Peitsch, 1997).

Chemical structures of Benzo (f) chromen-3-one and 
its analogs were subjected for virtual screening against NF-
κB protein using A Lamarckian genetic algorithm in Autodock. 
Protein–ligand interactive visualization and analysis was carried 
out in Pymol viewer 1.5.4. 

Protein network linked to inflammation, diabetes, 
Alzheimer’s, and cancer were analyzed to unfold the NF-κB 
mediated interacting mechanism using STRING version 10.0 
(search tool for retrieval of interacting gene available at http://
string-db.org (Szklarczyk et al., 2011). We used this tool to query, 
retrieve, and analyze the protein interaction network of PI3K, 
breast cancer anti-estrogen resistance protein 3 (BCAR3), beta-
site APP-cleaving enzyme-1 (BACE1), NF-κB repressing factor 
(NKRF), and prostaglandin-endoperoxide synthase 2 (PTGS2) 
confined to those of Homo sapiens. From the home page, multiple 
protein search option is selected and query protein names were 
used to obtain interaction networks. An initial network was built 
with the selected proteins. Data settings were modified as zero 
proteins as first shell interactions and 10 proteins for second 
shell interactions to minimize the complication in the interaction 
network. We performed NKRF and NF-κB interaction as a second 
cluster with three proteins in the second shell. Finally, two clusters 
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were linked to form a clear view. Prediction method was selected 
for our analysis which includes gene fusion, database, text mining, 
co-expression, co-occurrence, and neighborhood. Evidence view 
display option was selected for color variation representing the 
source of interaction data. KEGG pathways were retrieved for 
inflammation, diabetes, Alzheimer’s and cancer.

RESULT AND DISCUSSION
Based on the paucity of scientific studies on Benzo (f) 

chromen-3-one , the present work is carried out to evaluate the 
role of this compound on the NF-κB pathway during inflammatory 
mediated pathogenesis through in silico approach. Benzo (f) 
chromen-3-one and its analogs are shown in the Table 1. Benzo (f) 

chromen-3-one and its analogs were docked against NF-κB which 
showed greater binding affinity scores. Binding affinity scores of 
Benzo (f) chromen-3-one and its analogs with molecular properties 
were listed in the Table 2. Compound binds to the DNA binding 
domain of NF-κB molecules with a binding affinity of −7.8 kcal/
mol. Biochemical studies on conserved DNA binding interactions 
studies by James et al. (2009) clearly demonstrated the protein 
DNA interactions of NF-κB (Fig. 3). Benzo (f) chromen-3-one 
shows bonding interactions with Arg 605 (Arg NH2–1HH2—O22 
of benzochromen-3-one with bond length of 2.8, Ao, Arg NH2–
2HH2—O20 of benzochromen-3-one with bond length of 2.5 Ao) 
and Asp217 (Asp OG1–HG1—O22 of benzochromen-3-one with 
bond length of 2.3Ao) and also shows hydrophobic interaction with 

Table 1. Benzo (f) chromeno-3-one analogs.

Analog-1

 

Analog-2

 

Analog-3

 

Analog-4

 

Analog-5

 

Analog-6

 

Analog-11

 

Analog-22

 

Analog-33

 

Analog-44 Analog-55

 

Analog-66

 

Analog-77

 

Analog-88 Benzo-chromen-3-one
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the surrounding amino acids Arg33, Asn186, Arg 187, Pro 189, 
Glu 193, Ala 192, and Arg 605. Among the surrounding molecules 
Ala 33 and Arg187 of Rel-A, Gln606 of P50 are involved in 
hydrophobic interaction with DNA. Interaction image is shown 
in the Figure 2.

Molecular properties of the compound were analyzed 
using Molinspiration and Swiss ADME servers. The result shows 
that the compound satisfies the Lipinski rule of five with no 
violations having a molecular weight of 306.44 Daltons showing 
one rotatable hydrogen bond and three hydrogen bond acceptors 
(Table 3). Bio-activity predictions indicate that the compound 
acts as a nuclear receptor inhibitor, and these results correlate 
with molecular docking studies which showed the greater binding 
affinity of the compound with NF-κB. SWISS ADME results 
indicate that the gastrointestinal absorption of the compound is 
high, which indicates that the compound can be absorbed easily 
when taken in oral route. All the analogs showed greater log P 
value, which indicates molecular hydrophobicity. Hydrophobicity 
affects drug absorption, bioavailability, hydrophobic drug-receptor 
interactions, metabolism of molecules, as well as their toxicity. Log 
P has become also a key parameter in studies of the environmental 
fate of chemicals. Whereas analog-77 showed poor solubility and 
analog-88 showed three violations in SWISS ADME result. 

Protein interaction network developed in STRING 
Database, based on gene fusion, database, text mining, co-
expression, co-occurrence, and neighborhood, showed the 
connection between signaling mechanisms involved in 
inflammation, Alzheimers, cancer, and diabetes (Fig. 1). PTGS2 
(prostaglandin G/H synthase and cyclooxygenase) mediates the 
formation of prostaglandins from arachidonate and is involved 
in inflammatory mechanism in the arachidonic acid signaling 
cascade. IGF1R and IRS are implicated in insulin signaling 
essential for translocation of GLUT-4. Insulin resistance 
mediated by NF-κB through JNK/iNOS inhibits the activation 
of PI3K, phosphorylation of AKT by PI3K, thereby inhibiting 
the translocation of glucose transporter-4. BACE and APP are 
known to play a major role in neurological inflammation mediated 
through NF-κB activated iNOS. BCAR3 gene is implicated in 
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Figure 1. Molecular interactive network showing connecting link between 
various diseases. (a) blue—diabetes, (b) pink—inflammation, (c) orange—
Alzheimer’s, (d) black—cancer, and (e) green-NF-κB transcriptional factors.
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breast cancer, which acts as an adapter protein and couple activated 
growth factor receptors to a signaling pathway that regulates 
the proliferation of breast cancer cells. When overexpressed, it 
confers anti-estrogen resistance in breast cancer cell lines. Recent 
studies on Tumor promotor 53 (TP53), a tumor suppressor gene 
indicates that mutant P53 elevates the expression of P52 NF-κB 
by acetylation of Histones. Mutant P53 is much more involved in 
many cancers (Bastian et al., 2013). C-JUN protects the cell from 
UV radiation-induced apoptosis. C-Jun co-operates with NF-κB to 
prevent TNF-alpha induced apoptosis (Ron et al., 1999).

When an injury occurs, sensory information rapidly 
alerts the brain and begins the complex sequence of events to 
restrain homeostasis. Cytokines are released within a fraction of 
seconds after an injury. Cytokines such as gamma interferons, 
IL-1 and IL-6, and TNF are released immediately after an injury, 
enter into the bloodstream, and send a signal to the brain. As a 
counteraction from the brain, wound healing and inflammation 
mechanism are activated. In the early stage, many chemical 
mediators of inflammation are produced resulting in arachidonic 
acid cascade and the release of growth factors, such as platelet-
derived growth factor, platelet factor 4, insulin-like growth factor, 
and transforming growth factor.

At molecular level, inflammation is regulated by 
numerous molecules and factors, adhesion molecules, vascular 
cell adhesion molecules, endothelial leucocyte adhesion 
molecule, chemokines, cytokines, signal transducer and activator 
of transcription, proinflammatory enzymes, vascular endothelial 
growth factor, and proinflammatory transcriptional factor such 
as NF-κB (Aggarwal et al., 2004). Among these mediators, NF-
κB is the central regulator of inflammation. NF-κB regulates the 
expression of almost 500 different genes, including enzymes, 
cytokines, adhesion molecules, cell cycle regulatory molecules, 
and angiogenic factors, which are implicated in inflammation-
related responses (Shih et al., 2015).

Figure 2. Molecular docking studies of Benzo (f) chromen-3-one with NF-κB. (A) Showing the binding site of benzo 
(f) chromen-3-one to NF-κB; (B) visualization of interacting amino acids with the compound.

Figure 3. Interaction image of DNA with amino acids in NF-κB.
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Hyperinsulinemia and obesity are the predominant 
complications in T2D (Herling et al., 2011). T2D and obesity 
are proinflammatory conditions that are activated with increased 
production of inflammatory cytokines, such as IL-6 and TNF-α by 
adipose tissue (Eltzschig et al., 2011). TNF is an NF-κB regulated 
product as well as a potent activator of NF-κB. NF-κB has become 
a chief suspect in the development of insulin resistance and T2D 
(Kowluru et al., 2003). Many researchers have highlighted the 
role of NF-κB in the pathogenesis of insulin resistance and T2D 
(Arkan et al., 2005). NF-κB induces iNOS mediated insulin 
resistance predominantly through the serine phosphorylation 
of insulin receptor substrate-1 (IRS1), thereby contributing to 
insulin resistance and down-regulation of GLUT-4 expression 

(Kahn et al., 2000), which is clearly shown in the KEGG pathway 
analysis. Conditional and specific NF-κB inhibition protects 
pancreatic Beta cells from cytokine-induced apoptosis in vitro and 
in vivo (Eldor et al., 2006). It was hypothesized that the NF-κB 
attenuation would show a protective effect in diabetic patients 
with insulin resistance. 

Alzheimer’s disease (AD) has been explained by three 
hypothesis, such as amyloid β hypothesis, tangle hypothesis, 
and cholinergic hypothesis (Tougu et al., 2001). Amyloid beta 
peptide plays a central role in the induction of inflammation in 
AD. Accumulation of amyloid beta peptides results in increased 
levels of inflammatory molecules, such as cytokines, chemokines, 
and competent cells produced by glial cells further leading to 

Table 3. Molecular properties of Benzo (f) chromen 3 one.

Benzo(f) chromen-3-one structure Graph Representing molecular properties

Physicochemical properties Water solubility

Formula C19H30O3 Log S ESOL −4.59

Molecular weight 306.44 gm/mol solubility 7.86e-03 mg/ml

Num. heavy atoms 0 class Moderately soluble

Num. atoms. Heavy atoms 0.89 Log S (ali) −5.27

Num. rotatable bonds 1 Solubility 1.66e-03 mg/ml

Num. H-bonds acceptors 3 Class Moderately soluble 

Num. H-bonds donors 0 Log S (SILICOS-IT) −4.26

Molar refractivity 88.11 Solubility 1.68e-02 mg/ml

TPSA 43.37Ao Class Moderately soluble

Lipophilicity Pharmacokinetics 

LOGP 2.64 GI absorption High

XLOGP3 4.63 BBB permeability Yes

WLOGP 4.14 P-gp substrate No

MLOGP 3.53 CYP1A2 inhibitor No

SILICOS-IT 4.12 CYP2C19 inhibitor No

Consensus log P 3.81 CYP2C9 inhibitor Yes

Druglikeness CYP2D6 inhibitor No 

Lipinski Yes CYP3A4 inhibitor No 

Ghose Yes skin permeability -4.88 cm/s

Veber Yes Medicinal chemistry

Egan Yes PAINS 0 alert 

Muegge Yes Synthetic accessibility Yes

Bio-availability score 0.55
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neuronal damage (Griffin et al., 1998). TNF-α is one of the most 
predominant pro-inflammatory cytokines which is significantly 
increased in ’AD and plays a crucial role in increased levels of 
cytokine cascade during inflammation (Fillit et al., 1991). As NF-
κB is primarily activated in inflammation, it also plays a critical 
role in the regulation of neuroinflammation associated with 
disease pathogenesis. The activation of NF-κB transduction factor 
is responsible for neurogenesis, neuritogenesis, synaptic plasticity, 
learning, and memory. NF-κB was known to exist in the cytosol 
in an inactive form in all cell types including the nervous system.

Recent evidences have shown that activation of NF-κB 
drives systemic and brain aging process in mice. KEGG pathway 
analysis clearly visualizes the TNF-alpha mediated NF-κB 
activation. NF-κB induces iNOX mediated neurofilament damage 
further gives rise to the impairment of axonal transformation and 
finally leads to cell death. TNF-α performs its biological function 
via two distinct receptors TNF-R1 and TNF-R2. Simultaneous 
activation of both TNF-α receptors leads to the activation of NF-
κB, which have a binding site for both AβPP and BACE gene 9 
(Grilli et al., 1996). Elevated expression of both AβPP and BACE 
expression will ultimately lead to increased Aβ production, which 
in turn, activates glial cells and enhance neuronal inflammation 
process. Research evidence on the brain of Alzheimer’s patients 
showed that the activated NF-κB was found predominantly in 
neurons and glial cells in Aβ plaque regions (Kaltschmidt et al., 
1997). Since the compound, benzo (f) Chromen-3-one showed 
greater binding affinity with NF-κB, it crosses blood brain barrier 
and inhibits constitutive activation of NF-κB in the brain. These 
results hypothesize the protective effect of a compound against 
NF-κB mediated neuronal inflammation in Alzheimer’s and 
Parkinson’s diseases.

NF-κB activity has been constitutively elevated in 
many human tumors, melanomas (Amiri et al., 2005), breast 
(Sovak et al., 1997), prostate, ovarian, pancreatic (Sclabas et al., 
2005), colon (Kojima et al., 2004), thyroid (Pacifico et al., 2004), 
carcinomas, and glioblastoma. NF-κB functions as an inhibitor of 
apoptosis and hence inhibition of NF-κB by genetic or chemical 
inhibitors induces apoptosis in various tumors. TNF-α mediates 
the development and advancement of many tumors by activating 
nuclear factor NF-κB (Pikarsky et al., 2004), and hence NF-
κB inhibitors can be used for the treatment of many cancers. It 
is reasonable to conclude that Benzo (f) chromen-3-one could 
possibly inhibit the transcription activity of NF-κB as it is well 
placed in the DNA binding domain, which may affect the binding 
of NF-κB to the DNA. Isolation, characterization, in vivo and in 
vitro studies of benzo (f) chromen-3-one is in progress.

CONCLUSION
Our computational analysis provides a clear evidence for 

the inhibitory ability of plant compound present in A. vulgaris to 
alter the NF-κB signaling pathway. Docking studies substantiate 
the hypothesis that Benzo (f) chromen-3-one has a potentiality 
to inhibit the NF-κB, by binding to the DNA binding domain of 
NF-κB that would possibly disrupt the stability of NF-κB—DNA 
complex formation in the transcription of genes. Based on in silico 
approach, benzo (f) chromen-3-one is suggested for in vitro and 
in vivo studies as a potential drug candidate for inflammation-
induced disease pathogenesis.
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