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اباذجايجلاعافده"يإ600-يف.ف.أ.ر.ب"زانيكنيتوربربتعي:ثحبلافادهأ
نإف،كلذعمو.مارولأانمىرخأعاونأودلجلاناطرسجلاعيفايساسأو
مزلتستةددحملاتاطبثملاضعبلةفورعملاةيبناجلاراثلآاوتاطبثمللهتمواقم
.ةلاعفوةديدجتاطبثميفقيقحتلا

رتويبمكلابةاكاحملاتايجيتارتسامادختسامت،يلاحلالمعلايف:ثحبلاةقيرط
كئارحلامييقتوةيفيظولاةفاثكلاةيرظنتاباسحويئيزجلاماحتللااةاكاحملثم
31نمةعومجمنمةلمتحملا"يإ600-يف.ف.أ.ر.ب"تاطبثمديدحتل،ةيئاودلا
.نوفلافلاىلعامئاقابكرماديدجاديملايرأ

اهيدل)10،11،28،31(تابكرمةعبرأنأماحتللااةجيتنترهظأ:جئاتنلا
و135.878-و129.365-و124.365-(ةجيتنلاترهظ.ةلوبقمتاجرد
ةيلاعفواطاشن"يإ600-يف.ف.أ.ر.ب"تاطبثمرثكأك)يلاوتلاىلع117.081-
ةهراكلاتلاعافتلاونيجورديهلاطباورروهظتبثأ.بينيفارويميفتردصتيتلاو
هذهليلاعلارارقتسلاا"يإ600-يف.ف.أ.ر.ب"ـلةيساسلأاتافلخملاعمءاملل
يئيزجرادمىلعألثمةيدودحلاةيئيزجلاتارادمللةقاطلاباسحمت.تاعمجملا
ىرخلأالعافتلاتاملعموةقاطلاةوجفولوغشمريغيئيزجرادمىندأولوغشم
ةيدودحلاةيئيزجلاةيرادملاحطسلأاصحفمت.ةيفيظولاةفاثكلاةيرظنمادختساب
ةطبترمنوكتدقيتلاةنحشلاةفاثكتاعيزوتتابثلإةيكيتاتسورهكلاتاناكملإاو
ةيئاودصئاصخنعةراتخملاتابكرملاتفشك،لثملابو.ناطرسللداضملاطاشنلاب
.ةيئاودلاكئارحلاصئاصخو)يجولويبلارفاوتلا(يئاودلاهباشتلادعاوقلاقفوةقئاف

ـلةيوقتاحشرمكةراتخملاتابكرملاىلعفرعتلامت،يلاتلابو:تاجاتنتسلاا
اهحارتقانكميو،ةقئافةيئاودةيكرحصئاصخب"يإ600-يف.ف.أ.ر.ب"
.ناطرسللةدعاوةحشرمريقاقعك

؛ةيفيظولاةفاثكلاةيرظن؛ديملايرأ؛يإ.600.يف-ف.أ.ر.ب:ةيحاتفملاتاملكلا
ةيودلأاهباشت
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Abstract

Objectives: The V600E-BRAF protein kinase is an

attractive and essential therapeutic target in melanoma

and other tumors. However, because of its resistance to

the known inhibitors and side effects of some identified

inhibitors, new potent inhibitors need to be identified.

Methods: In the present work, in silico strategies such as

the molecular docking simulation, DFT (Density-Func-

tional-Theory) computations, and pharmacokinetic

evaluation were used to determine potential V600E-

BRAF inhibitors from a set of 31 synthesized novel

flavone-based arylamides.

Results: The docking result demonstrated that four

compounds (10, 11, 28, and 31) had acceptable docking

scores (MolDock score of �167.523 kcal mol�1,

�158.168 kcal mol�1, �160.581 kcal mol�1,

�162.302 kcal mol�1, and a Rerank score of �124.365,

�129.365, �135.878 and �117.081, respectively)

appeared as most active and potent V600E-BRAF in-

hibitors that topped vemurafenib (�158.139 and

�118.607 kcal mol�1). The appearance of H-bonds and

hydrophobic interactions with essential residues for

V600E-BRAF proved the high stability of these com-

plexes. The energy for the frontier molecular orbitals such

as HOMO, LUMO, energy gap, and other reactivity

parameters was computed using DFT. The frontier

molecular-orbital surfaces and electrostatic potentials

(EPs) were investigated to demonstrate the charge-density

distributions that might be linked to anticancer activity.

Similarly, the chosen compounds revealed superior

pharmacological properties according to the drug-

likeness rules (bioavailability) and pharmacokinetic

properties.
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Conclusion: The chosen compounds were recognized as

potent V600E-BRAF inhibitors with superior pharma-

cokinetic properties and could be promising cancer drug

candidates.

Keywords: ADMET; Arylamide; DFT; Docking; Drug-like-

ness; V600E-BRAF

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

BRAF is a protein kinase that plays a vital role in MAPK
signaling pathways. V600E-BRAF is the most well-known
mutation in BRAF; it was found in 8% of all the cancers,

such as colorectal-cancer (10%), melanoma (60%), and
thyroid cancer (30e70%).1,2 Thus, the V600E-BRAF kinase
is an important target in managing and treating cancer ail-

ments.3,4 Dabrafenib and vemurafenib are both inhibitors
(selective) of V600E-BRAF that induce a highly effective
automatic death of melanoma cells. They were endorsed by

the US Food and Drug Administration (FDA) for the
therapy of late-stage melanoma.5,6 A single treatment with a
V600E-BRAF inhibitor improved the patient’s lifestyle and

survival rate considerably. However, despite the approved
V600E-BRAF inhibitors’ success, resistance to these selective
inhibitors emerged between 5 and 8 months of treatment.7,8

The resistance developed to the selective V600E-BRAF in-

hibitors makes discovering and validating novel candidates
an important line of research because it may lead to new
treatments for V600E-BRAF-associated cancers. This

approach requires a deep understanding of the heterogeneity
of the tumor and the evolution of resistance. Furthermore,
the identification and confirmation of lead compounds and

the evaluation of active binding sites of bioactive targets
linked with a specific lead compound require costly and time-
consuming wet-lab activities.9

In silico strategies effectively decrease the time needed to
acquire valuable drugs and reduce their accompanying
financial costs, which makes them tempting low-cost ap-
proaches to find new potent and selective drugs.10 Molecular

docking is an outstanding in silico approach for filtering a
huge chemical library to detect prospective chemicals that
could be utilized to find a specific target’s binding capacity.

Over the last two decades, molecular docking has evolved
as the model of structure-based virtual screening of several
chemical databases.11 It is extensively employed to select the

most suitable alignment of a drug candidate in the active site
of the protein and to predict its affinity. Previously,
comprehensive docking investigations were performed to
study the biological action of numerous chemical

structures.11e13 DFT is an extensive technique with a lower
computational cost than several other approaches. DFT
computations now produce the most reliable and accurate

outcomes for various chemical systems that are well-
matched with the experiments.14 In silico drug-like and
pharmacokinetics are additional (virtual) screening means
for the approval of compounds that might demonstrate
physiological drug-like ability. The procedures utilized to

assess drug-likeness and pharmacokinetic properties are
made from a combination of the experimental findings re-
ported in several drug databases.15

Several approaches have been adopted to improve the
existing anti-cancer drugs such as the formulation of nano-
medicines.16Understanding theheterogeneityof the tumorand

resistance of some known inhibitors is essential for the
discovery of novel effective drugs for cancer. Arylamides
were designed and employed as potent anticancer drugs
acting on several targets and rarely with yet unidentified

receptors. They are among the essential organic molecules
containing different antimicrobial and anti-tumor poten-
tials.17,18 Flavones contain a class of natural products that can

potentially become drugs.19,20 Their anticancer potential
includes numerous mechanisms of action, such as cell-cycle
suppression, inhibition of several signaling pathways, auto-

phagy induction, inhibition of calcium channels, and
apoptosis.21,22 In this investigation, a systematic
computational investigation of thirty-one (31) new Flavone-
based arylamides23 was conducted using molecular docking

simulation, DFT computations, and pharmacokinetic
properties prediction. These compounds showed excellent
activity on melanoma cells. The work aims to assess the

anticancer potential of these chemical structures as likely
drug candidates with desired properties.

Materials and Methods

Retrieval of compounds and optimization

Thirty-one series of Flavone-based arylamides were

retrieved from the literature.23 Structures of ligands were
drawn employing ChemDraw (Table S1), and energy
minimization was achieved using the MM2 force field in

Spartan 14 to assist the docking program in detecting the
bioactive conformer from the local minima. Optimization
of the compounds was achieved using the DFT/B3LYP
approach and 6e31G* basis-set.

Docking preparation and simulation

tThe protein Databank (http://www.rcsb.org/) was used to

obtain the crystal structure of V600E-BRAF (PDB code:
3OG7)24e26 and the native ligand (vemurafenib). The target
was prepared by first extracting water molecules and

detaching vemurafenib from the protein-ligand complex.
Then, the native ligand was re-docked to the target to validate
the molecular docking usingMolegro Virtual-Docker (MVD)

6.0.27 The active site of the target was determined
automatically using a cavity detection package in MVD 6.0.
The binding cavity of X: 1.59, Y: �1.28, Z: �6.2, and r: 28 Å
was set with 0.30 Å resolution. The prepared structures with

vemurafenib were imported into MVD, and 1500 iterations
were set for the docking algorithm. The docking simulation
was run at least 50 times for each of the ten poses, and the

best poses were chosen based on predefined scoring
functions.28 Intermolecular interactions of the selected poses
were visualized using Discovery-Studio (DS).

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.rcsb.org/


Table 1: Results of docking for the four best docked ligands in V600E-BRAF.

Complex aMolDock score (kcal mol�1) bRerank-score cE-inter (kcal mol�1) dEeH bond (kcal mol�1)

10 �167.523 �124.365 �177.891 �3.979

11 �158.168 �129.365 �169.476 �5.842

28 �160.581 �135.878 �185.831 �4.387

31 �162.302 �117.081 �176.386 �5.010

Vem. �158.139 �118.607 �167.952 �4.741

aMoldock score was obtained from the PLP scoring functions with a new H-bond term and extra chargeschemes [27]. bRerank score is a

linear combination of E-inter (Electrostatic, Van der Waals, H-bonding, steric) betweenthe ligand and the protein target, and E-intra.

(Electrostatic, Van der Waals, H-bonding, sp2esp2, torsion,)of the ligand weighted by pre-defined coefficients [27]. cE-inter is the total

interaction energy between the protein and the pose. dEeH bond is H bond energy.

Figure 1: 3D and 2D models for the interactions of chosen complexes (10, 11, and 28).

In silico studies1002



Figure 2: 3D and 2D models for the interactions of chosen complexes (3 1 and Vem.).

Figure 3: Optimized-geometric structures of the investigated ligands (10, 11, 28, and 31).
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Figure 4: Frontier molecular-orbital surfaces of the investigated ligands (10, 11, 28, and 31).

Table 2: Frontier molecular-orbital energies and global-

reactivity descriptors of the studied ligands.

S/N E-HOMO

(eV)

E-LUMO

(eV)

DE h s c m u

10 �6.21 �2.88 3.33 1.67 0.60 4.55 �4.55 6.20

11 �5.99 �2.00 3.99 2.00 0.50 4.00 �4.00 4.00

28 �5.8 �2.05 3.75 1.88 0.53 3.93 �3.93 4.11

3 1 �5.99 �2.26 3.73 1.87 0.54 4.13 �4.13 4.56

In silico studies1004
DFT computations

The structural and electronic properties for the four best
compounds picked from the docking analysis were computed
employing DFT/B3LYP and 6e31G* basis-set with Spartan

14. The parameters calculated in this investigation are the
energies of the frontier molecular orbitals (HOMO, LUMO,
and energy gap) and other reactivity parameters: chemical-
hardness (h), softness (s), electronegativity (c) chemical

potential (m), and electrophilicity-index (u).29 In addition,



Figure 5: Electrostatic potential (EP) of the studied ligands (10, 11, 28, and 31).

Table 3: Predicted Drug-likeness parameters of the chosen

ligands.

SN Mol. wt. HBA HBD Log P TPSA (Å2) NRB BA

10 476.43 8 1 3.76 132.82 8 0.55

11 489.47 8 1 3.78 113.30 9 0.55

28 496.31 6 2 4.85 98.00 6 0.55

31 442.42 7 2 3.87 121.79 6 0.55

Vem. 489.92 6 2 4.97 100.30 7 0.55

BA: bioavailability score.
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the molecules’ electrostatic potential surfaces (EPs) were
achieved from the population-analysis computations and
portrayed with Spartan 14. This plays an effective part in
clarifying the importance of ligands/protein interaction in

the active site of a target.
Table 4: Predicted Pharmacokinetic properties of the chosen ligands

Absorption Distribution Me

Su

CY

SN Absorption

(% absorbed)

VDss

(log L kg-1)

blood-brain

barrier (BBB)

(Log BB)

central nervous

system (CNS)

(Log PS)

2D

10 100.00 �1.214 �0.943 �2.32 No

11 96.109 �0.628 �0.901 �3.14 No

28 100.00 �0.713 �0.761 �2.01 No

31 89.488 �0.557 �0.742 �2.143 No

Vem. 98.853 �0.445 �1.647 �3.463 No
Drug-like and pharmacokinetic bio-chemical evaluation

SwissADME (www.swissadme.ch/), an online server, was
used to investigate the drug-like behavior of the chosen

compounds, and the pharmacokinetic parameters were
examined using pkCSM (https://biosig.unimelb.edu.au/
pkcsm//).

Results

The molecular docking results of the compounds,

including vemurafenib, are given in Table S2. The super-
imposed alignment of the re-docked and original co-crystal
ligand is presented in Figure S1. The complete docking
results for the best four ligands and vemurafenib are

presented in Table 1. Figures 1 and 2 depict the 3D and
2D interaction models of the selected docked ligands at the
.

tabolism Excretion Toxicity

bstrate Inhibitor

P

6 3A4 1A2 2C 19

(yes/no)

2C9 2D6 3A4 Clearance

(log

mL min-1 kg-1)

Toxicity

(yes/no)

Yes No Yes Yes No Yes 0.462 Yes

Yes No Yes Yes No Yes 0.535 No

Yes Yes Yes Yes No Yes 0.013 No

Yes Yes Yes Yes No Yes 0.423 No

Yes No Yes Yes No Yes 0.132 No

http://www.swissadme.ch/
https://biosig.unimelb.edu.au/pkcsm//
https://biosig.unimelb.edu.au/pkcsm//
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V600E-BRAF binding site. Table S3 presents the types of
interactions in each selected complex. The Optimized

geometries and the frontier molecular orbitals (HOMO and
LUMO illustrations) of the selected ligands achieved from
DFT computations are given in Figures 3 and 4. Table 2

shows the quantum descriptors, while Figure 5 depicts the
studied ligands’ electrostatic potential (EP) surfaces. Their
drug-likeness and pharmacokinetics were determined to

confirm further that the chosen compounds are possible
drugs. The predicted drug-likeness and pharmacokinetic
properties are given in Tables 3 and 4.

Discussion

The most potent inhibitors were identified by docking all
the 31 studied ligands including Vemurafenib into the
binding pocket of the V600E-BRAF target. Before the
docking was performed for the whole data, the docking

method was authenticated through a re-docking technique.
Thus, the Vemurafenib (co-crystallized) was re-docked at the
exact site where the co-crystal ligand was initially bound

with V600E-BRAF kinase. Re-docking of vemurafenib at the
V600E-BRAF kinase receptor revealed an RMSD value of
1.413 Å that satisfied the validity standards of RMSD value

<2.0 Å.30 Hence, the docking procedure using MVD has
acceptable precision in repositioning vemurafenib at the
V600E-BRAF active sites. The super-imposed alignment of

the re-docked and actual co-crystal is portrayed in Figure S1.
The coordinates for the active site and the grid-box size
employed in the established re-docking procedure were also
adopted for docking the studied compounds. The top in-

hibitors of V600E-BRAF were sorted according to the
docking score compared to vemurafenib31 , and the chosen
ligand binds efficiently to the target.

The identification of the main residues responsible for the
inhibition of V600E-BRAF inside the binding pocket for the
four chosen complexes (10, 11, 28, and 31) was achieved by

employing the DS Visualizer. The potency of the interaction
between the ligand and protein was assessed by the Rerank
score. From the docking result, the protein-ligand in-
teractions demonstrated that the existence of methoxy

groups, chromen, and N-phenyl benzamide moieties in the
structures played a vital role. The complete docking results
for the best four ligands and vemurafenib are presented in

Table 1. Figures 1 and 2 depict the 3D and 2D interaction
models of the selected docked poses in the binding site of
V600E-BRAF. Table S3 presents the interaction types

involved in each of the chosen complexes. The chosen li-
gands developed bonds, and non-bond interaction at the
binding pocket of the V600E-BRAF target, as indicated by

the inter-energy and H-bonding energy (Table 1). They all
have a MolDock-score <�90 kcal mol�1, which shows
their potential to bind the target protein efficiently.32 The
complex structures of the four best poses based on the

docking scores are discussed in detail below as presented
(Figures 1 and 2).

The complex structure of the docked compound-10 with

the target is shown in Figure 1 (complex 10). A MolDock-
score of �167.523 kcal mol�1 and a Rerank score
of �124.365 was observed. The EeH bond

was �3.979 kcal mol�1 (Table 1). The good docking scores
suggest the potential for good interactions between this
compound and the protein. The binding mode observed in
Figure 1 (complex 10) indicated that compound 10

established interactions through H-bonding with the
backbone of the center amino acid-residues: PHE516,
CYS532, and1ASP594; and showed a favorable pep inter-

action with TRP531, ALA481, and VAL482 residues, which
are important interactions for selectivity.23 In addition,
compound 10 formed p-alkyl interactions with LEU505,

LEU514, VAL471, ALA481, and LYS483 at the binding
cavity and a CeH bond to the side chain of LEU505 and
CYS532 of the center area, in a similar pattern reported in
the literature.11

Compound 11 docked on the V600E-BRAF target
revealed a MolDock and Rerank score of �158.168
and �129.365 kcal mol�1. The H-bond energy

was �5.842 kcal mol�1 (Table 1). The acceptable docking
scores for the complex resulted from the three conventional
H-bonds, two CeH bonds formed, and other hydrophobic

interactions, which conveys stabilizing charges probable for
intercalating the molecule in the V600E-BRA as illustrated in
Figure 1 (complex 11). The docking mode portrayed in
complex 11 indicated an interaction network with the

residues, including p-alkyl with LEU514 (2) and ALA481;
p-sulfur with CYS532; H-bonding with LYS483, ASP59,
and GLY596; CeH interaction with SER536 and GLY596

and pepwith TRP531. The binding pattern and the residues
involved are similar to those on the same target reported by
Umar et al.33

Compound-28 docked inside the active site of V600E-
BRAF as shown by complex 28 in Figure 1. The excellent
docking score for the complex showed the likelihood of

steady and useful interactions between this ligand and the
V600E-BRAF (Table 1). There were four conv. H bond
between the ligand and V600E-BRAF; CYS532 (2) and
ASP594 and one CeH bond with ASP594 as indicated by

complex 28 (Figure 1). Three alkyl interactions were formed
between compound-28 and the protein, namely VAL502,
LEU505, and ILE527. The strength of the complex could be

linked to p-alkyl interactions (LEU505, CYS532, LYS483,
ILE527, VAL471, ALA481, LEU514, and VAL471) and
pep type of interactions to TRP531 and PHE583 (2)

comparable to vemurafenib (Figures 1 and 2). The complex
showed a similar pattern to the literature34 on the same
target.

The mode of binding for compound-31 on the V600E-
BRAF is given in Figure 2 (complex 31). A MolDock and
Rerank score of �162.302 and �117.081 kcal mol�1 and
EeH bond of �5.010 kcal mol�1 were observed as given in

Table 1. The binding mode for compound-31 on the V600E-
BRAF was given in Figure 2 (complex 31). A MolDock,
Rerank-score of �162.302 kcal mol�1 and �117.081 and

E-Hbond of �5.010 kcal mol�1 were observed as given in
Table 1. The binding mode displayed in Figure 2, revealed
that compound 31 established interactions through H-bond

with the back-bone of the central residues CYS532 (2) and
GLN530; and showed a C-H interaction with the side
chain of TRP531, THR529, and GLY534. The strength of
the complex could be connected to an additional, p-alkyl
interaction with (ALA481, CYS532, VAL471, ALA481,
and LEU514) and a promising p-p interaction with
PHE583 (2) and TRP531 similar to Vemurafenib (Figure

2). These binding-mode predicted might offer an
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understanding of interactions that may be influence the
detected inhibition of V600E-BRAF by the studied ligand

and thus might help to develop better inhibitors.
The H bond is a unique sign of robust protein and ligand

interactions and typically results in high binding affinity.35 In

such interactions, the number of H bonds usually boosts the
inhibitor potential on the target; Figures 1 and 2 show 3D
and 2D models of the interaction modes in the target

binding sitedthe conv. The H bonds of the chosen ligands
with anticancer receptors resulted in a suitable ligand
binding. Again, as a standard comparison with the
investigated ligands, vemurafenib was docked into the

same examined protein, and all the chosen ligands
surpassed vemurafenib. Interestingly, the investigated
ligands inhibited the melanoma target better than

vemurafenib. In addition, the chosen ligands had higher
docking scores than vemurafenib.

The geometry-optimized structures of the selected ligands

from DFT computations indicated that all the geometry-
optimized structures conform to a global minimum
(Figure 3). The frontier molecular orbitals (HOMO and
LUMO) of the four best ligands determine a vital role in

chargeetransfer interactions between the ligand and the
target’s active site. As illustrated in Figure 4, the blue and red
colors reveal the positive and negative regions of the

orbital.36 Additionally, the shapes of the frontier orbitals
can be employed as a guide in determining reactivity. In
every ligand, the HOMO is delocalized onto the chromen

ring and largely dominated by the pi-bonds. By pattern,
the blue area denotes the highest value of HOMO, while the
red area denotes the lowest value.37 The HOMO electron-

density distribution of the investigated ligands demon-
strates promising interactions of the ligands to V600E-
BRAF. Similarly, the LUMO delocalizes over several areas
of the aryl ring for ligands 10 and 11. As for ligands 28 and

31, the enormous contribution arrives from the conjugated
bonds of the flavone ring. The HOMO and LUMO elec-
tronic surfaces displayed that the flavone and the aryl rings

can interact with the target under good circumstances. The
frontier molecular orbitals (HOMO and LUMO) of the five
best ligands indicated a crucial role in charge transfer in-

teractions between the ligand and the target’s active site.
Table 2 displays the energies of HOMO and LUMO,

including quantum chemical descriptors associated with the

studied ligands. A good electron-donor molecule has a high
HOMO energy, whereas a lower energy value indicates a
weak electron-acceptor.38 Also, a lower energy gap
(LUMOeHOMO) significantly affects intermolecular

charge transfer and molecule bioactivity. As a result, a
small energy gap observed in the hit ligands positively
affects the electron’s movement from the HOMO to the

LUMO, resulting in a strong affinity of the inhibitor for
V600E-BRAF. The Egap value rises in accordance with the
following: 10 (3.33 eV) > 31 (3.73 eV) > 28 (3.75 eV) > 11

(3.99 eV). Consequently, the reactivity order improves
accordingly, where the most reactive is 110 (3.33 eV). The
order of reactivity increases fits the reductions in energy-gap
values.

The h (hardness) and the s (softness) are significant
reactivity variables for the performance of a ligand in a
chemical system. Hard molecules always have a higher

resistance to altering their electronic dispersal during a
chemical reaction. In comparison, soft molecules have a
lower resistance to altering the distribution of their electrons

in a reaction.39,40 Results from Table 2 indicated a high h
value with a low s value compared to analogous reported
molecules.41 The c (electronegativity) of a given molecule

determines its capacity for electron attraction.42 The c was
computed at 3.93e4.55 eV, labeling the selected ligands as
donor electrons. The m (chemical potential) specifies

negative values for all the studied ligands, suggesting good
strength and establishing a stable complex. A molecule’s u
(electrophilicity) predicts the electrophilic nature and
measures the tendency to accept an electron. The position

of organic molecules based on the u values follows the
order; u < 0.8 eV indicates weak electrophiles, u between
0.8 and 1.5 eV, indicates moderate electrophiles, and

u > 1.5 eV, reveals strong electrophiles.43 The computed u
describes the studied ligands as good electrophiles. It has
been reported that ligands with a high u value have

potential anticancer activities.44 Finally, comparing the
orbital energies (eV), global-reactivity variables, and dock-
ing scores of the best four ligands from the dataset, the
selected ligands may be considered potential V600E-BRAF

inhibitors with desired properties.
The molecular electrostatic potential (MEP) surface des-

ignates the charge distribution, thus providing a good un-

derstanding of the physical and chemical properties of a
molecule. It predicts a molecule’s electrophilic and nucleo-
philic active sites.45 When the point of charge is located in the

surplus positive charge area, the point charge ligand
interaction becomes repulsive, and the electrostatic
potential will therefore be positive. But, if the point of

charge is situated in a region of a surplus negative charge,
there is an attractive interaction, and the EPs becomes
negative.46,47 The MEP maps of the chosen ligands are
presented in Figure 5. From the map, the red color shows

the nucleophilic region, the blue color portrays the
electrophilic region, and the colors in-between indicate the
middle values of the MEP. Thus, the increase in possible

follows the order: red< orange< yellow< green< blue.36 In
most cases, the negative charges are situated on the O-atoms,
and the positive areas of the molecules are the areas where

the H-atoms bonded to the O-atoms are situated. The
positive and negative cores of the chosen molecules form
interactions with both the bonded and non-bonded (partic-

ularly H-bonds) in the complexes during the docking.46

Drug-likeness and pharmacokinetic investigations for the
investigated ligands were achieved through SwissADME and
pkCSM web servers.48,49 Lipinski’s rule50 suggests that good

absorption occurs only when the mol. wt. <500, H bond-
donors < 5, log P < 5, H bond-acceptors < 10. Table 3
results revealed that the mol. wt. of the researched

compounds are 496.31 to 442.42 g mol�1; therefore, the
chosen compounds are within the permissible range of the
Lipinski rule. None of the studied compounds have more

than 10 H-bond acceptors. The highest number was observed
at eight for ligands 10 and 11. It was also observed that the
selected ligands have fewer than 5 H-bond donors. The value
for log P was <5 for all the selected ligands. Ghose suggests

that the log P value for a given ligand should be in the range
of �0.4 to 5.6. In this study, the log P value for all the
selected compounds was 3.87 to 3.76. Veber’s rule51

recommends that the TPSA should not be 140 Å2 and that
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the TPSA of the selected ligands was not >132.82 Å2. Veber
and Mugge’s rules52 propose that NRB in the ligand should

not be >10 and 15. According to the results in Table 3, all
the ligands examined in this study have the highest of 9
(RB).51,52 The selected ligands were further filtered for an

optimum profile of permeability and bioavailability utilizing
bioavailability score (ABS) standards. An ABS score of 0.55
implies compliance with the Lipinski rule.50

The intestinal absorbance of the selected ligands has a
value of 89.488e100%, demonstrating their ease of absorp-
tion. VDss indicates a volume distribution at a stable state,
which indicates a uniform distribution of the drug to all the

tissues at sufficient time. A VDss-value >0.5 suggests that a
drug candidate is sufficiently spread in the plasma, while a
value below �0.5 signifies that the drug has a low capacity to

cross over to the cell membrane. The indicated VDss is in the
range of �0.557 to �1.214, which implies that the investi-
gated ligands have proper distribution in plasma. Also, the

BBB (bloodebrain barrier) and the penetrability to the CNS
(central nervous system) are essential factors in acquiring the
optimum pharmacological drug. According to the standard
scale of the drug, the BBB and CNS penetrability standard

values are shown as <�1 to >0.3 for log BB and <�3 to
>�2 for log PS. In a given ligand, the log BB of<�1 exhibits
the insufficient diffusion of the drug molecule to the brain,

whereas log BB-value of >0.3 indicates that the drug mole-
cule can cross the BBB, and log PS-value of >�2 means that
the drug molecule can enter the CNS, while <�3 suggests

that it will be hard for the drug molecule to make it to the
CNS.53 Table 4 shows that the chosen ligands have
demonstrated a high possibility of crossing the barriers.

Cytochrome (CYP450) is a robust metabolic enzyme in
the body of a human with five main isoforms: CYP A2,
CYP2 C19, CYP2 C9, CYP2 D6, and CYP3 A4. Results in
Table 4 show a promising enzyme inhibition capacity and

hence safe pharmacokinetic interactions. The clearance
determines the dosing effect and bioavailability of a drug
to reach the required concentrations. A low clearance value

suggests increased endurance of a drug molecule in the
body. All the chosen ligands demonstrated good
acceptability in the body. Toxicity is used to decide

whether a drug candidate is toxic or not. From Table 4,
ligands 11, 28, and 31 are non-toxic. Consequently, the
chosen ligands have the preferred pharmacokinetic proper-

ties and can be used as V600E-BRAF inhibitors.

Conclusions

Molecular docking simulation, DFT computations, and
pharmacokinetic evaluation were successfully used in this
research to determine potential hits against V600E-BRAF

from a series of novel Flavone-based arylamides. Four
top-ranked compounds (10, 11, 28, and 31) were selected as
their docking scores were higher than vemurafenib in the
active site of the V600E-BRAF target. According to the

docking results, the interactions of the hydrophobic and H
bonds play a significant role in the binding interactions of
the potential compounds and the V600E-BRAF. The

quantum chemical parameters computed using the DFT
approach recognized the selected molecules as steady
structures and highly electrophilic. At the same time, the
distribution of the MEP identified the potential sites for the
nucleophilic and electrophilic attacks. The predicted phys-

icochemical and pharmacokinetic parameters were in the
acceptable range of drug screening criteria. It is clear from
the broad computational investigations that compounds

(11, 28, and 31) may be considered potential hits against the
V600E-BRAF target and are likely to have promising ac-
tion as anticancer agents.
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45. Mıhçıokur Ö, Özpozan T. Molecular structure, vibrational

spectroscopic analysis (IR & Raman), HOMO-LUMO and

NBO analysis of anti-cancer drug sunitinib using DFT method.

J Mol Struct 2017; 1149: 27e41.

46. Jordaan MA, Ebenezer O, Damoyi N, Shapi M. Virtual

screening, molecular docking studies and DFT calculations of
FDA approved compounds similar to the non-nucleoside

reverse transcriptase inhibitor (NNRTI) efavirenz. Heliyon

2020; 6(8):e04642.

47. Erdogan T. DFT, molecular docking and molecular dynamics

simulation studies on some newly introduced natural products

for their potential use against SARS-CoV-2. J Mol Struct 2021;

1242:130733.

48. Daina A, Michielin O, Zoete V. SwissADME: a free web tool to

evaluate pharmacokinetics, drug-likeness and medicinal chem-

istry friendliness of small molecules. Sci Rep 2017; 7:42717.

49. Pires DE, Blundell TL, Ascher DB. pkCSM: predicting small-

molecule pharmacokinetic and toxicity properties using graph-

based signatures. J Med Chem 2015; 58(9): 4066e4072.

50. Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. Experi-

mental and computational approaches to estimate solubility

and permeability in drug discovery and development settings.

Adv Drug Deliv Rev 1997; 23(1e3): 3e25.

51. Veber DF, Johnson SR, Cheng H-Y, Smith BR, Ward KW,

Kopple KD. Molecular properties that influence the oral

bioavailability of drug candidates. J Med Chem 2002; 45(12):

2615e2623.

52. Muegge I, Oloff S. Advances in virtual screening. Drug Discov

Today Technol 2006; 3(4): 405e411.

53. Clark DE. In silico prediction of bloodebrain barrier perme-

ation. Drug Discov Today 2003; 8(20): 927e933.
How to cite this article: Umar AB, Uzairu A. New

flavone-based arylamides as potential V600E-BRAF in-

hibitors: Molecular docking, DFT, and pharmacokinetic

properties. J Taibah Univ Med Sc 2023;18(5):1000e1010.

http://refhub.elsevier.com/S1658-3612(23)00030-6/sref37
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref37
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref38
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref39
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref39
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref39
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref39
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref39
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref40
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref40
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref40
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref40
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref41
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref41
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref41
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref41
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref42
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref42
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref42
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref42
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref43
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref43
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref43
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref43
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref44
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref45
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref45
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref45
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref45
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref45
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref46
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref46
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref46
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref46
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref47
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref47
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref47
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref48
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref48
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref48
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref48
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref49
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref50
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref50
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref50
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref50
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref50
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref51
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref51
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref51
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref52
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref52
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref52
http://refhub.elsevier.com/S1658-3612(23)00030-6/sref52

	New flavone-based arylamides as potential V600E-BRAF inhibitors: Molecular docking, DFT, and pharmacokinetic properties
	Introduction
	Materials and Methods
	Retrieval of compounds and optimization
	Docking preparation and simulation
	DFT computations
	Drug-like and pharmacokinetic bio-chemical evaluation

	Results
	Discussion
	Conclusions
	Source of funding
	Conflict of interest
	Ethical approval
	Consent
	Authors’ contribution
	Acknowledgment
	Appendix A. Supplementary data
	References


