IshagM et al.,

Computational Profile of Novel Natural Bioactive Inhibitors
DOI: https://doi.org/10.54393/fbt.v3i03.55

FUTURISTIC BIOTECHNOLOGY

https://fbtjournal.com/index.php/fbt
Volume 3, Issue 3 (0Oct-Dec 2023)

Pi:

Original Article

Computational Profile of Novel Natural Bioactive Inhibitors of NF-kB

Muhammad Ishaq', Muhammad Mansha', Muhammad Faisal Magbool’, Muhammad Khan” and Azeem Saeed’

'Department of Zoology, University of Education, Lahore, Pakistan
’Cancer Research Lab, Department of Zoology, University of the Punjab, Lahore, Pakistan

*Allama Igbal Medical College, Lahore, Pakistan

ARTICLE INFO

Key Words:
NF-kB, Anti-Cancer, Inflammation

How to Cite:

Ishag, M., Mansha, M., Magbool, M. F., Khan, M., &
Saeed, A. (2023). Computational Profile of Novel
Natural Bioactive Inhibitors of NF-kB: Computational
Profile of Novel Natural Bioactive Inhibitors.
Futuristic Biotechnology, 3(03). https://doi.org/10.54
393/fbt.v3i03.55

*Corresponding Author:

Muhammad Khan

Institute of Zoology, University of the Punjab, Lahore,
Pakistan

mkhan.zool@pu.edu.pk

Received Date:5"October, 2023
Acceptance Date:19" December, 2023
Published Date: 31" December, 2023

INTRODUCTION

ABSTRACT

Nuclear factor-kB (NF-kB) represents a family of inducible transcription factors, that regulates
a large array of genes involved in different processes of the immune and inflammatory
responses. Deregulated NF-kB activation contributes to the pathogenic process of various
diseases such asinflammation and cancer. NF-kB signaling in cancer cellsis involved in cellular
proliferation, angiogenesis, invasion, metastasis, development of drug resistance and anti-
apoptosis. Objective: To identify potent NF-kB and IkBa inhibitors using molecular docking
study. Methods: Proteins and ligands were prepared from Pymol and AutoDock vina and results
were visualized by using Discovery studio visualizer. Results: Natural bioactive compounds
such as Brevilin A, Tagitinin E, Japonicone G and Hiyodorilactone A were targeted on NF-kB and
IkBa. The docking score of the Brevilin A, Tagitinin E, Japonicone G and Hiyodorilactone A with
NF-kB were -9.8Kcal/mol, -10.1Kcal/mol, -11.9Kcal/mol, and - 8.4Kcal/mol respectively. The
dockingscore of the Brevilin A, Tagitinin E, Japonicone G and Hiyodorilactone Awith [kBawere -
7.1Kcal/mol, -7.0Kcal/mol, -8.8Kcal/mol and -6.8Kcal/mol respectively. Control group (JSH-23
synthetic inhibitor) showed -6.5Kcal/mol and -5.5Kcal/mol with NF-kB and IkBa respectively.
Conclusions: The present study reflects that Brevilin A, Tagitinin E, Japonicone G and
Hiyodorilactone A show promising results as a crucial drug target in NF-kB signaling cascade.
However, to validate the inhibitory activity of these ligands further in-vitro analysis is suggested
todevelop novelanti-inflammatory/anti-cancerdrugs.

The NF-kBisthe transcriptional factor that playsavitalrole
in oncogenesis, embryonic development, innate, adaptive
immunity, cell differentiation, cell adhesions, apoptosis,
metastasis, angiogenesis, and oxidative stress[1]. Mainly,
NF-kB consists of 5 proteins: p65/Rel A, Rel B, C-Rel, p50,
and p52 that can homo or hetero dimerize to 15 different
NF-kB complexes[2,3]. The most common pathway of NF-
KB activation is the canonical pathway [4]. In the classical
pathway, NF-kB is inactive in the cytosol, bound to
inhibitory proteins. Phosphorylation, ubiquitination, and
degradation of these inhibitors activate NF-kB. This active
form translocates to the nucleus, binds to DNA, activates
target genes, and influences cell proliferation and
apoptosis [5]. In the alternative pathway, p52/RelB is

activated by NIK, which plays a key role. NIK processes
signals from the TNF-a family, activating IKK-a, leading to
p100 conversion into p52. This complex activates distinct
genes, and deregulation can cause osteoporosis and
autoimmune diseases [6]. Cancer and inflammation are
mainly caused by the deregulation of NF-kB [7]. NF-kB in
cancer cells is involved in metastasis, proliferation,
angiogenesis, andinvasionand preventsapoptosis[3]. NF-
kKB has multiple points of regulation, which recently
became atarget for many therapeutic drugs. Prime targets
to develop NF-kB inhibitors are either directly bound to the
IKK complex; Nuclear translocation of NF-kB, NF-kB
directed gene transactivation, Phosphorylation,
ubiquitination, proteasomal degradation of IkB and NF-«kB
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binding to DNA[8]. Non-steroidal anti-inflammatory drugs
like ibuprofen, indomethacin, and aspirin can stop the NF-
KB activation [9, 10]. The natural bioactive compound has
beenasignificant source of drugsinthe medicalfield. From
natural sources, several commercialized drugs have been
obtained for the treatment of cancer. In cancer
chemotherapeutics, natural compounds have a central
role and 60% of anticancer compounds are natural
productsorderivatives of natural products[11].

The present study was designed to explore the potential of
natural bioactive compounds such as Brevilin A, Tagitinin
E, Japonicone G, and hiyodorilactone A as a therapeutic
agentin the NF-kB signaling pathway by employing various
bioinformatics tools. Various aspects of the compounds
were evaluated by molecular docking study and their
anticancer and anti-inflammatory role was assessed in-
silico.

METHODS

To evaluate the in-silico potential inhibitory effect of
natural bioactive compounds on NF-kB and IKBa, receptors
and ligands were docked by using Autodock vina [12].
Before executing the docking, protein, and ligands were
prepared in PDBQT file format by using various
bioinformaticstools.

Preparation of Protein

Crystal structure of proteins NF-kB(PDB ID: TVKX)and IkBa
(PDB ID: INFI) were retrieved from PDB in PDB file format
[11,13,14]. Proteins were prepared by AutoDock MGL Tools
1.5.6and the process of preparationinvolved the deletion of
water, by adding polar Hydrogen and inserting Kollman
charges. Finally, the proteins were saved in PDBQT file
format(Figure1).

Ligand Preparation

Ligandstructures of Brevilin A, Tagitinin E, Hiyodorilactone
A, and Japonicone G were obtained from the PubChem in
sdf format and converted into PDB format using pymol and
subsequently by Autodockvina, into PDBQT (Figure 2)[15].
Docking

The molecular docking analysis was performed using
exhaustiveness value (8) and the grid box was prepared
using “40 points in three dimensions X, Y and Z with
center_x =0.592, center_y = 30.925 center_z = 56.581 with
NF-kB and center_x = -5.372 center_y = 65.520 center_z =
45.295 with IkBa with the spacing of 0.375A. Receptors
were treated as inflexible target while ligand was kept
flexible. Docking was executed by using MGL Tools
(Autodock 1.5.6) [16]. The results of visualization were
determined by using BIOVIA Discovery Studio Visualizer
[171.
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Figure 1: a) Ribbon structure of NF-kB b) Surface
structure of NF-kB c) Ribbon structure of [kBa d) Surface
structure of IkBa.

Figure 2: Chemical structure of various bioactive ligands.
a)Brevilin A b) Tagitinin E ¢) JSH-23 d) Hiyodorilactone A
e)Japonicone G

ADME/T and Druglikeness

ADME abbreviated as "absorption, distribution,
metabolism, and excretion", is important in predicting the
pharmacokinetics of the proposed drug candidate which
improvesits chances as asuccessful drug. SWISS-ADME is
an online server that allows drawing the respective drug
structure or adding canonical SMILES obtained from
PubChem [18]. This software was used to compute ADME,
drug-like nature, and pharmacokinetic properties of
studied ligands[19]. It is also an online database, used for
toxicity analysis, which gives the toxicity results of any
molecule in terms of Hepatotoxicity, T. pyriformis and
Minnow toxicity, maximum human tolerance dose, AMES
Toxicity, Skin Toxicity, and Ld50.
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RESULTS

The ligands were docked, and their in-silico activities were
evaluated. ADME analysis revealed that Brevilin A, Tagitinin
E, Hiyodorilactone A and Japonicone G have a molecular
weight in the range of 346g/mol, 350g/mol, 420g/mol, and
494g/molrespectively(Table1).

Table 1: Drug likeness profile of various ligands

Hiyodori- | Japoni-
lactone A| coneG

Molecular Formula CaoHas0s CioH06 Co2H205 CioHs06

Parameters Brevilin A | Tagitinin E

Consensus Log Po/w 2.62 2.09 1.61 3.50

Water Solubility -3.24 -2.9 -2.36 -4.60

Gl-Absorption High High High High
LogKp

(skin-permeation) -6.78 cm/s | -7.21cm/s |-8.45 cm/s|-7.41cm/s

Veber rule Yes Yes Yes Yes
Lead likeness Yes No No No
Synthetic accessibility 5.13 5.61 5.66 7.68

Toxicity analysis results predict that all ligands have no
hepatotoxicity and no skin sensation except Japonicone G
which showed hepatotoxicity. Tagitinin E showed AMES
toxicity while all the other studied ligands did not. All the
results of the ADME profile and toxicity prediction are
shownintable 2.

Table 2: Toxicity prediction of various ligands

Brevilin | Tagitinin | Hiyodori- [ Japoni-
s A E lactone A | cone G
AMES toxicity No Yes No No

Maximum tolerated dose
(human)(log mg/kg/day) -0.081 | -0.007 -0.163 -0.813

Oral rat acute toxicity (mol/kg) | 2.158 3.019 2.427 2.241

QOral rat chronic toxicity
(log mg/kg bw/day) 1.133 1.788 2.06 1.653
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Figure 3: Representation of various ligands following
LipinskiRule of 5

Molecular Docking(MD)

MD results revealed that the selected ligands are potential
inhibitors of NF-kB and IkBa. The MD analysis was
performed in triplicate to get a valid assessment of the
mode of interaction of ligands against selected proteins.
For each ligand, 9 different poses were generated and the
one that was selected contained less energy and more
interactions. The NF-kB crystal structure contains 2
chains, p50 and p65 that were attached with DNA, while
IkBa contains two chains, A and C. The ligands may bind
with given chains of target protein upon the susceptibility
of the atom for specific interaction. The binding energy
valuesaregivenin(Table 4and Figure 4).

Table 4: Binding affinity values of various ligands with
NF-kB and IkBa

Hepatotoxicity No No No Yes

Skin sensation No No No No
T. pyriformis toxicity (log ug/L) | 0.495 0.393 0.276 0.289
Minnow toxicity (log mM) 1.951 2.554 4.069 1.655

The analysis of ligands on LipinskiRule of 5shownintable 3.
Table 3: Analysis of ligands on Lipinski Rule of 5

Ligand NF-xB lxkBa
Tagitinin E -10.1Kcal/mol -7.0Kcal/mol
Brevilin A -9.8Kcal/mol -7.1Kcal/mol

The Representation of various ligands following Lipinski
Rule of 5showninfigure 3.

Hiyodorilactone A - -

T » -bond | F-bond - Molar s iy I’I. n 8.4Kcal/mol 6.8kcal/mol

g ass Donor acceptor refractivity violation Japonlcone G -1.9Kcal/mol -8.8Kcal/mol

Brevilin A 346 0 5 2.84 91.36 0 JSH-23 -6.5Kcal/mol -5.5Kcal/mol

Tagitinin E 350 1 6 1.91 89.50 0 Binding energy values of various ligands with protein
Japonicone G | 494 2 6 3.87 131.16 1

Hiyodorilactone 2
A 420 2 8 1.53 106.95 0 .

&

Binding energy
&

o I

Tagitinin E Breviina  Hivedeilactone .00 nicone 6 JSH-23
ENF-kB 0.1 938 84 119 6.5
KBa Kl 74 68 88 55

Figure 3: Binding affinity of various ligands
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Low binding energy means more stable will be the ligand-
receptor complex. The selected ligands were compared
with JSH-23 (synthetic inhibitor) and found that they had
lower binding values and more interactions hence the
naturalinhibitorsare more potent than syntheticones. The
docking results revealed that Brevilin A, Hiyodorilactone A,
Japonicone G, and Tagitinin E successfully bind in the
binding pocket of NF-kB and IkBa. Brevilin A strongly
interacts with the binding pocket of NF-kB DNA complex,
and it has a binding energy of -9.8kcal/mol with NF-kB and
forms H-bonding with DC7 (2.25A), DA16 (2.21A), DA17
(2.61A), DA18(2.93A) and no hydrophobic and electrostatic
interactions. Whereas it has a binding energy of -
7.1kcal/mol with IkBa and forms H-bonding but forms no
hydrophobic and electrostatic interactions. The
interaction of other ligands with the amino acid residues of
thetargetedproteinsisshowninfigure 5-1Tand tableb.
Table 5: H-bonding, Hydrophobic interaction of various
ligands with proteins

Ligands/ NF-xB IxBa
Inhibitors | H-Bonding | Hydrophobic | H-Bonding | Hydrophobic
DC7(2.25A) )
" DA16(2.21A) ) ARG73(2.76A) )
Brevilin& 1 para(2.614) GLN142(2.42A)
DA18(2.93A)
DA17(2.444)
Tagitinin E | DA18(2.64A) 2
DAT6(3.624) | {iSRE 888 | AR5 (2.69 A) -
ARGB05(2.374) :
GLNB06(2.224)
DAB(2.49A) .
Japonicone | LYS572(1.83A) < |ASN137(2.32A) :
GLNB06(2.174) | DAB-B3A) 1pRat72 (2.184) [ARCT74(4-T7A)
DG19(2.26A)
LYS218(2.414) GLN142(2.944)
ARGO0S(2 44A) THR164(2.464) )
Hiyodoril- | a2 91h) ) ARGS5(2.16A) | MET91(5.14A)
actone A 2] THR164(2.55A) | ARG95(3.88A)
DAT6(4.884) :
DAT7(4.744) GLN1623.540)
: LEU175(3.56A)
gircariel  |6LN62(5.184)
) . O LEUT75(2.324)| VAL163(5.184)
JSH-23 | DTB(2.48A) |PHEBOT(4.74A) piig, (5'02A)  ARGT74(4.37A)
LYS218(5.384) PRO177(5.40A)
ARGB05(4.394) :
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Figure 5: Binding of different compounds on different
binding site of IkBa. a) Brevilin A-lkBa b) Tagitinin E-IkBa c)
Hiyodorilactone A-lkBa d) JSH-23-1xBa e) Japonicone G-
I«Ba

Figure 6: Binding of selected ligands on different binding
sites of NF-xB. a) Brevilin A-NF-xB b) Tagitinin E-NF-xB c)
Hiyodorilactone A-NF-«xB d) Japonicone G-NF-xB e) JSH-
23-NF-«B.
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Figure 7: Interaction of ligands with the amino acid
residues of NF-kB (Sticks model). Black color sticks
represent the ligand while green dotted lines show
Hydrogen bonds. a) Brevilin A-NF-kB Complex b) Tagitinin
E-NF-kB Complex c) Hiyodorilactone A-NF-kB Complex d)
Japonicone G-NF-kB Complex e)JSH-23-NF-kB Complex
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Figure 8: Interaction of various ligands with the amino acid
residues of IkBa (Sticks model). Black color sticks
represent the ligand while green dotted lines show
Hydrogen bonds. a) Brevilin A-IkBa Complex b) Tagitinin E-
IkBa Complex c¢) Hiyodorilactone A-IkBa Complex d) JSH-
23-IkBaComplexe)Japonicone G-IkBaComplex
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Figure 9: 2-D Diagrams of JSH-23 with both proteins.
Green dotted lines represent the hydrogen bonds
interaction while pink and light pink dotted lines show the
hydrophobic interaction of amino acids residues with
ligand. a) JSH-23 interaction with NF-kB b) JSH-23
interactionswith IkBa
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Figure 10: Docking of selected ligands into NF-kB. Total
density surface (TDS) as represented with H-bond donor
and acceptor moieties with pink and green mesh colors in
2-Ddiagram. a) Brevilin A b)Tagitinin E ¢) Hiyodorilactone A
d) Japonicone G. Green dotted lines shows the hydrogen
bonds while pink dotted lines shows the hydrophobic
interaction of amino acidsresidueswithligands
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Figure 11: Docking of selected ligands into |kB-a pocket.
TDS as represented with H-bond donor and acceptor
moieties with pinkand green mesh colorsin 2-D diagram. a)
Brevilin A b) Tagitinin E c) Hiyodorilactone A d) Japonicone
G. Green dotted lines show the hydrogen bonds while pink
dotted lines show the hydrophobic interaction of amino
acidsresidueswithligands

DISCUSSION

The results of the present study revealed that Japonicone
G, Tagitinin E, and Brevilin A are promising inhibitors of NF-
KB complex, considering them the best target for drug
development. The selected ligands mainly targeted NF-kB
DNA complex and NF-kB dimer with IkBa. A similar study
was reported by Savitri et al. who also targeted the NF-kB
DNA complex and identified novel bioactive compounds
from kepok banana peels [20]. The present investigation
revealed that all the selected ligands potentially interact
with the residues of NF-kB and IkBa and proved as its
promising inhibitors. The binding energy values obtained
from the interaction of Brevilin A, Tagitinin E,
Hiyodorilactone A, and Japonicone G with NF-kB and IkBa
were significantly less than the binding energy of JSH-23
(synthetic inhibitor), thus making these natural
compounds, the most promisinginhibitors. The followingis
the binding energy order of studied ligand-protein
complexes: Japonicone G<Tagitinin E< Brevilin A<
Hiyodorilactone A<JSH-23. Thus, in the present study, the
most stable ligand-protein complex was Japonicone G-
NF-kB DNA complex, Tagitinin E - NF-kB DNA complex, and
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Brevilin A-NF-kB DNA complex. Kadiogluetal., presenteda
similar study in which Kaempferol (natural compound) was
docked against NF-kB DNA complex [21]. The binding
energy of Kaempferol against the NF-kB DNA complex was
-10.25kcal/mol. In another investigation, the activity of a
natural bioactive compound, DHMA against NF-kB DNA
complex and its binding energy was -6.6kcal/mol [22].
Shrivastava et al., reported that Resveratrol and
Piperlongumine have a binding energy of -3.96kcal/mol,
and -3.28kcal/mol against NF-kB respectively [23].
Another study showed that natural compounds similar to
our study, exhibited good binding energy value and can be
used in the place of synthetic inhibitors[24, 25]. Bioactive
compounds Japonicone G, Hiyodorilactone A, Brevilin A
Tagitinin E, and JSH-23 make different types of
interactions like hydrogen and hydrophobic bonding by
targeting several binding residues at different active sites.
The role of H-bonding in the receptor-ligand complex is
very crucial because H-bonding is involved in the
secondary structure of proteins such as a-helix and -
plated sheets. Itisalso important for the binding affinity of
ligands. Ligand binding with receptors is significantly
determined by several intermolecular H-bonds. In H-
bonding, short bond distance means strong interaction
between receptor-ligand. In this study, Japonicone G,
Hiyodorilactone A, Brevilin A and Tagitinin E interacts with
NF-kB via hydrogen bond with DAB, LYS572, DG19, LYS218,
ASN186, DA16, DA17, DC7, DA18, ARG605 and GLN606 and
hydrophobic interaction at LYS218, ARG187 and DAG.
Japonicone G, Hiyodorilactone A, Brevilin A, and Tagitinin E
interact with IkBa via H-bond interaction with ASN137,
PRO172, THR164, GLN162, LEU175, ARG73, GLN142 and
ARGS5 and hydrophobic interaction at MET91, ARGS5 and
ARG174. While JSH-23 interacts with NF-kB DNA complex
via different interactions such as hydrophobic interaction
with ARG246, DA16, PHEBQ7, LYS218 and ARG605 and
hydrogen bond with DT8. JSH-23 interacts with IkBa via
different interactions like H-bond interaction with LEU175
and ARG174 while hydrophobic interaction with GLN162,
VAL163, ARG174, and PRQO177. These interactions make
them a perfect fit as drug inhibitors. Savitri et al., reported
that trigonelline, 3-methoxyfavone, and salsolinol formed
H-bond interactions with Lys123 Tyr152 and Asp153
whereas isovanillic acid formed H-bond with Arg84 [20].
Similarly, in our study, Brevilin A formed an H-bond with
Arg95. Renetalreported that Aureusidin forms H-bonding
with Arg35, Ala43, Ser42, Ser42,and Arg4lresidue of NF-kB
[26]. It was shown that DHMA forms H-bond interactions
with DNA like DG-3, DG-4, and DG-5 residues of the NF-kB
DNA complex. Our inhibitors bind with DAB, DA17 and DA18,
DC7, DT10 and DT20[22]. The pharmacokinetic properties
easily predict the acquiescence of potential natural
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compounds and equivalents compared with that of the
standard drug. Currently, the oral bioavailability of any FDA-
approveddrugorinhibitoranditstolerable distributioninto
the human body is a critical issue [27]. ADME analysis
showed that Brevilin A, Tagitinin E, Hiyodorilactone A and
Japonicone G have molecular weight in the range of
346.2g/mol to 494.62g/mol and Molar refractivity range
from 91.01to 134.22; values of lipophilicity, consensus(Log
Po/w), water solubility, LogKp and synthetic accessibility
range from 2.84-3.87, 2.62-3.50, -3.24 to -4.60, -6.87cm/s
to -8.45cm/s and 5.13 to 7.68 respectively. Moreover, the
selected ligands are highly absorbed by the GI, and they
follow the Lipinski rule and drug-likeness. Our compounds
exhibit favorable drug-like properties, moderate toxicity
levels well within acceptable limits, and compliance with
Lipinski'srule. These characteristics make them promising
candidates for future in-vivo, in-vitro, and clinical trial
studies[28].

CONCLUSIONS

The present study reveals that bioactive natural
compounds, japonicone G, Tagitinin E, Hiyodorilactone A,
and Brevilin A have good binding affinity with NF-kB and
IkBa. They form multiple interactions like H-bonding,
hydrophobic, and electrostatic interaction with NF-kB and
IkBa. Their comparison with standard synthetic inhibitor
JSH-23 shows that these natural compounds interact
more strongly than JSH-23 with target proteins. Based on
the current in-silico study, Tagitinin E and Brevilin A have
emerged as anti-inflammatory and anticancer compounds
in the therapeutic research which need in-vitro and in-vivo
trialsfortherapeuticuse.

Authors Contribution

Conceptualization: MM, MK

Methodology: Ml

Formalanalysis: MI, MFM

Writing-review and editing: MI, MFM, AS
Allauthorshavereadandagreedtothe published version of
the manuscript.

Conflicts of Interest
The authors declare no conflict of interest.
Source of Funding

The authorsreceived no financial support for the research,
authorshipand/or publication of thisarticle.

REFERENCES

[1] Pai P and Sukumar S. HOX genes and the NF-kB
pathway: a convergence of developmental biology,
inflammation and cancer biology. Biochimica et
Biophysica Acta(BBA)-Reviews on Cancer. 2020 Dec;
1874(2):188450. doi: 10.1016/j.bbcan.2020.188450.

Computational Profile of Novel Natural Bioactive Inhibitors
DOI: https://doi.org/10.54393/fbt.v3i03.55

ZhangQ, Lenardo MJ, Baltimore D. 30 years of NF-kB:
a blossoming of relevance to human pathobiology.
Cell. 2017 Jan; 168(1):3 7-57. doi: 10.1016/j.cell.2016.12.
012.

Das R, Mehta DK, Dhanawat M. Medicinal plants in
cancer treatment: Contribution of nuclear factor-
kappa B (NF-kB) inhibitors. Mini Reviews in Medicinal
Chemistry. 2022 Aug; 22(15): 1938-62. doi: 10.2174/13
89557522666220307170126.

Lin Y, Bai L, Chen W, Xu S. The NF-kB activation
pathways, emerging molecular targets for cancer
prevention and therapy. Expert opinion on
therapeutic targets. 2010 Jan; 14(1): 45-55. doi: 10.151
7/14728220903431069.

Capece D, Verzella D, Flati I, Arboretto P, Cornice J,
Franzoso G. NF-kB: Blending metabolism, immunity,
and inflammation. Trends in Immunology. 2022 Sep;
43(9): 757-75.doi: 10.1016/].it.2022.07.004.

Jimi E, Huang F, Nakatomi C. NF-kB signaling
regulates physiological and pathological
chondrogenesis. International Journal of Molecular
Sciences. 2019 Dec; 20(24): 6275. doi: 10.3390/ijms2
0246275.

Zheng C, Yin Q, Wu H. Structural studies of NF-kB
signaling. Cellresearch. 2011Jan; 21(1): 183-95. doi: 10
.1038/cr.2010.171.

Kanzaki H, Chatterjee A, Hossein Nejad Ariani H,
Zhang X, Chung S, Deng N et al. Disabling the nuclear
translocalization of RelA/NF-kB by a small molecule
inhibits triple-negative breast cancer growth. Breast
Cancer: Targetsand Therapy. 2021Jul: 419-30. doi: 10
.2147/BCTT.S310231.

Palayoor ST, Bump EA, Calderwood SK, Bartol S,
Coleman CN. Combined antitumor effect of radiation
and ibuprofen in human prostate carcinoma cells.
Clinical cancer research: an Official Journal of the
American Associationfor Cancer Research. 1998 Mar;
4(3): 763-71.

Takada Y, Bhardwaj A, Potdar P, Aggarwal BB.
Nonsteroidal anti-inflammatory agents differ in their
ability to suppress NF-kB activation, inhibition of
expression of cyclooxygenase-2 and cyclin D1, and
abrogation of tumor cell proliferation. Oncogene.
2004 Dec; 23(57): 9247-58. doi: 10.1038/sj.0nc.12081
69.

Ashaq A, Magbool MF, Maryam A, Khan M, Shakir HA,
Irfan M et al. Hispidulin: A novel natural compound
with therapeutic potential against human cancers.
Phytotherapy Research. 2021 Feb; 35(2): 771-89. doi:
10.1002/ptr.6862.

Trott O and Olson AJ. AutoDock Vina: improving the
speed and accuracy of docking with a new scoring

FBT VOL. 3 Issue. 3 Oct-Dec 2023 Copyright ® 2023. FBT, Published by Lahore Medical Research Center"”
This work is licensed under a Creative Commons Attribution 4.0 International License. 57



IshagM et al.,

[13]

[20]

FBT VOL. 3 Issue. 3 Oct-Dec 2023

function, efficient optimization, and multithreading.
Journal of computational chemistry. 2010 Jan; 31(2):
455-61.d0i:10.1002/jcc.21334.

Chen FE, Huang DB, Chen YQ, Ghosh G. Crystal
structure of pb50/p65 heterodimer of transcription
factor NF-kB bound to DNA. Nature. 1998 Jan;
391(6665): 410-3. doi: 10.1038/34956.

BermanHM, Westbrook d, FengZ, Gilliland G, Bhat TN,
Weissig H et al. The protein data bank. Nucleic acids
research. 2000 Jan; 28(1): 235-42. doi: 10.1093/nar/2
8.1.235.

Kim S, Chen J, Cheng T, Gindulyte A, He J, He S et al.
PubChem 2019 update: improved access to chemical
data. Nucleic acidsresearch. 2019 Jan; 47(D1): D1102-
9.doi:10.1093/nar/gky1033

Morris GM, Huey R, Olson AJ. Using autodock for
ligand-receptor docking. Current protocols in
bioinformatics. 2008 Dec; 24(1): 8-14. doi: 10.1002/04
71250953.bi0814s24.

Salaria P, Akshinthala P, Kapavarapu R. Identification
of novel C-15 fluoro isosteviol derivatives for GABA-
AT inhibition by in silico investigations. Journal of
Molecular Modeling. 2023 Mar; 29(3): 76. doi: 10.1007/
s00894-023-05479-7.

Daina A, Michielin O, Zoete V. SwissADME: a free web
toolto evaluate pharmacokinetics, drug-likeness and
medicinal chemistry friendliness of small molecules.
Scientific reports. 2017 Mar; 7(1): 42717. doi: 10.1038/s
rep42717.

Curreli F, Kwon YD, Belov DS, Ramesh RR, Kurkin AV,
Altieri A et al. Synthesis, antiviral potency, in vitro
ADMET, and X-ray structure of potent CD4 mimics as
entry inhibitors that target the Phe43 cavity of HIV-1
gp120. Journal of medicinal chemistry. 2017 Apr;
60(7): 3124-53.doi: 10.1021/acs.jmedchem.7b00179.
Savitri D, Wahyuni S, Bukhari A, Djawad K, Hatta M.
Molecular docking of active compounds from Kepok
banana (Musa acuminata x balbisiana) peels extract
on the NF-B8 pathway in acne vulgaris. NVEO-Natural
Volatiles & Essential Qils Journall NVEQO. 2021 Nov:
2240-8.

Kadioglu O, Nass J, Saeed ME, Schuler B, Efferth T.
Kaempferol is an anti-inflammatory compound with
activity towards NF-kB pathway proteins. Anticancer
research. 2015 May; 35(5): 2645-50.

Vanajothi R and Srinivasan P. An anthraquinone
derivative from Luffa acutangula induces apoptosis
inhuman lung cancer cellline NCI-H460 through p53-
dependent pathway. Journal of Receptors and Signal
Transduction. 2016 May; 36(3): 292-302. doi: 10.3109/1
0799893.2015.1108335.

[23]

[25]

[27]

(28]

Computational Profile of Novel Natural Bioactive Inhibitors
DOI: https://doi.org/10.54393/fbt.v3i03.55

Shrivastava S, Kulkarni P, Thummuri D, Jeengar MK,
Naidu VG, Alvala M et al. Piperlongumine, an alkaloid
causes inhibition of P13 K/Akt/mTOR signaling axis to
induce caspase-dependent apoptosis in human
triple-negative breast cancer cells. Apoptosis. 2014
Jul; 19:1148-64. doi: 10.1007/s10495-014-0991-2.
Purawarga Matada GS, Dhiwar PS, Abbas N, Singh E,
Ghara A, Das A et al. Molecular docking and molecular
dynamic studies: screening of phytochemicals
against EGFR, HER2, estrogen and NF-KB receptors
for their potential use in breast cancer. Journal of
Biomolecular Structure and Dynamics. 2022 Jul;
40(13): 6183-92. doi: 10.1080/07391102.2021.1877823.
Ranganatha S, Shruthi SD, Govindappa M,
RamachandraYL. Insilico studies of NF-kB proteinas
anti-cancer and anti-inflammatory target. Journal of
Computational Methods in Molecular Design. 2013
Dec; 3:26-33.

Ren J, Su D, Li L, Cai H, Zhang M, Zhai J et al. Anti-
inflammatory effects of Aureusidin in LPS-
stimulated RAW264. 7 macrophages via suppressing
NF-kB and activating ROS-and MAPKs-dependent
Nrf2/HO-1 signaling pathways. Toxicology and
Applied Pharmacology. 2020 Jan; 387: 114846. doi:
10.1016/j.taap.2019.114846.

Tiwari P, Mishra BN, Sangwan NS. Phytochemical and
pharmacological properties of Gymnema sylvestre:
an important medicinal plant. Biomed Research
International. 2014 Jan; 2014. doi: 10.1155/2014/8302
85.

Lipinski CA. Lead-and drug-like compounds: the
rule-of-five revolution. Drug discovery today:
Technologies. 2004 Dec; 1(4): 337-41. doi: 10.1016/j.dd
tec.2004.11.007.

Copyright © 2023. FBT, Published by Lahore Medical Research Center"”
This work is licensed under a Creative Commons Attribution 4.0 International License. 58



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

