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ABSTRACT

Breast cancer on becoming one of the leading cancer types, emerged as an important barrier in
increasing life expectancy of the overall population. In the current study, some compounds were
screened based on literature survey for the identification of natural bioactive compounds as
potential inhibitors of Lyn tyrosine kinase. Therefore, a multi-step molecular docking was carried
out using AutoDock embedded in the MGL Tools. After initial screening, molecules having a higher
docking score and binding free energy compared to Tamoxifen were considered for further
assessment. Some already known synthetic lyn tyrosine kinase inhibitor have been used for better
understanding of the comparative study. Based on in silico Lipinski filter analysis, toxicity
prediction, pharmacokinetic analysis, four compounds were proposed to be promising inhibitors of
Lyn tyrosine kinase. Furthermore, the binding interactions of all proposed inhibitors of Lyn showed
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breast cancer after experimental authentication.

strong ligand efficiency in terms of energy score obtained with the help of molecular modelling
analyses. Hence, the proposed compounds out of which three are bioactive compounds might be
taken forward as potential next-generation Lyn kinase inhibitors for managing Lyn associated

Keywords: Bioactive compounds; breast cancer; flavonoids; lyn tyrosine kinase; molecular docking;

potential inhibitors.
1. INTRODUCTION

Cancer is a special kind of heterogeneous
disease which is mainly triggered by the
irreversible impairments of cellular homeostasis
and their functions. An uncontrolled cell growth
and differentiation is the key reason behind
progression of cancer which leads to an
exceptional loss of apoptotic functions that
causes huge expansions among the neoplastic
cell population [1,2]. Breast cancer, being one of
the common cancer types, women of every age
are being detected with this deadly disease [3].
Currently, in 2020, the WHO confirmed 2.3
million of breast cancer cases worldwide along
with 6, 85,000 global death recorded [4].

Lyn is one of the most important members of src
family kinases (tyrosine), it has several
regulatory impacts upon the signalling
intermediates. It is crucial for modulating and
also relying several to different input in order to
control various outputs, like proliferation,
differentiation, apoptosis, migration and
metabolism also. Within same and as well as
different cellular contexts Lyn can regulate and
maintain both the negative and positive
processes of signalling [5]. LYN has been
identified as a mediator of invasion and a
potential therapeutic target, with certain
significance in clinically-aggressive basal-like
breast cancer [6].

The basal-like breast cancers are the typical
molecular classification of breast cancers. They
showed the triple (ER/PR/HER2)-negative
(TNBC) type of phenotypic features [7]. Among
TNBC, the expression level of the LYN is very
high. It is expressed in the tumor cell origins too.
Activity of LYN is regulated generally by several
factors- PIN1, a prolyl-isomerase where in the
case of BRCA1 mutant it is getting unregulated
with the help of TNBC PIN1 that independently
activates LYN in c-KIT. In addition, spliced
isoform of LYN initiates invasion along with
migration of TNBC aggressive cells, where the
ratio of the spliced variant is very crucial for the
breast cancer progression. Hence, the uncoupled
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dual mechanism from the spliced isoform ratio
along with upstream signals initiates and drives
LYN activity towards aggressive breast cancers
[8]. Several research studies claim that in case of
breast cancers this LYN is highly overexpressed
and a very potential target as drug especially for
TNBC [9]. In breast cancers, the point mutations
of LYN are very rare (near about 0.6%) [10] but
have been linked with resistance towards anti-
estrogen in the ER+ tumors subsets [11]. Around
6%-10% of breast cancers show amplification of
LYN [10,12].

Prostate cancer being one of the most commonly
found malignancies in men, Src related protein
Lyn have a crucial impact on activation of B-cells.
In support to this several research studies have
been inferred that it is attached with the
proliferation and inhibition like phenomenon of
apoptosis. It has been proved that in normal
prostate epithelia, Lyn is highly expressed
(examined 95% of prostate cancer cell lines of
humans), whereas in case of knockout mice of
Lyn shows abnormal morphogenesis of prostate
glands. It plays a significant role in the
development of prostate epithelium and hence it
is also a candidate target for prostate cancer
therapy [13]. As an anti-carcinogenic agent, the
secondary plant metabolite derivative, especially,
flavonoids are found to be very effective. They
usually having major contribution in the colour
and aroma of flowers, and maintain immunity by
regulating antibacterial, antiviral, antioxidant,
anti-allergic and anti-inflammatory mechanisms
in plants as well [14-16]. Multiple signal
transduction pathways of carcinogenesis are
highly interfered by the flavonoids. Utilizing this
aspect of flavonoids, it is possible to inhibit the
proliferation, angiogenesis by increase in
apoptosis or, metastasis [17].

Depending upon C-ring saturation and oxidation
property, flavonoids can be classified into six
major classes- flavanones, flavanols, flavonols,
flavones, anthocyanins  and isoflavones.
According to a study, uptake of flavonols and
flavones, but not other flavonoid subclasses or
complete flavonoids, appears to be linked to a



lower risk of breast cancer, particularly in
postmenopausal women [18]. Flavonol; as
defined by its characteristic property, it has an
unsaturated C ring at the position of C2-C3 that
found oxidized at C4 position whereas C3
position is hydroxylated [14]. It is widely found in
lettuce, kale, onion grapes and berries and
categorized in six major groups- Quercetin,
Kaempherol, Myricetin, etc. Flavones; being
composed of an unsaturated C ring at the
position of C2-C3 has a ketonic group at C4
position. Though like flavonols they do not have
any hydroxylation at C3 position. Generally, they
are found in the leaves, flowers and fruits. The
highly rich sources of flavones are ginko biloba,
red peppers, mint, celery, chamomile and parsley
[14]. It mainly categorized in, apigenin, baicalein,
tangeretin, etc.

Here, some flavonols and flavones are selected
based on literature survey, keeping in mind their
availability and activities against breast cancer.
Tamoxifen which is not only a commercially
available drug for both prevention and treatment
of breast cancer but, it is the most elderly and
also enormously prescribed SERM (selective
estrogen receptor modulator). Here it has been
taking as control [19]. Some already established
Lyn inhibitors like Bosutinib, Dasatinib and 1-
Tert-Butyl-3-(4-Chloro-Phenyl)-1h-Pyrazolo[3,4-
D] Pyrimidin-4-Ylamine [20] are considered for
the study in order to carry out the comparative
analysis.

2. METHODOLOGY
The overall schematic workflow is given in Fig. 1.
2.1 Protein Preparation

In this study, Fig 2(a) represents the crystal
structure of the target protein, Lyn tyrosine
kinase has been retrieved Protein Databank,
PDB ID: 3A40 [21,22] (http://www.rcsb.org). The
structure Fig 2(b) shows the different domains of
3A40. The structure quality was determined by
the webservers like VADAR, QMEAN4, ProSa
and Verify3D (SAVES6.0), after energy
minimization with the help of SPDBV software
[23,24]. By deleting the existing ligands and the
water molecules these crystal structures are
developed in that mean time those missing
hydrogen atoms are integrated tat pH 7 to the
protonation state of amino acid by employing the
Auto Dock version 4.2 program. After that, each
protein getting merged with the non-polar
hydrogens while the polar hydrogens are added
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on. Consequently, the proteins are saved in
.pdbqt format, that is, in the required format for
molecular docking and this step is repeated
every time the protein is to be docked.

2.2 Ligand Preparation

The bio-active flavonoids, flavones and flavonols
to be precise, were used as ligands, in order to
identify the natural inhibitors of Lyn, the target
protein for the study. Since, tamoxifen is used in
both prevention and cure of breast cancer; it was
taken as reference for the study. The PDB of
tamoxifen and also other flavones and flavonols
which were to be used for docking, were
retrieved from the Drugbank
(https://go.drugbank.com/) [25]. The structures
for which PDB were not available in Drugbank,
were downloaded in SDF format from PubChem
(www.pubchem.ncbi.nlm.nih.gov) and converted
to PDB format through Open Babel [26]. Polar
hydrogen charges of Gasteiger were computed
and the non-polar hydrogen molecule were
incorporated with carbons. The ligands and
protein were then further converted to pdbqt
format using AutoDock tools. The top docked
ligands (Bosutinib, Baicalein, Myricetin and
Quercetin) along with the reference (Tamoxifen)
is given in Fig. 3.

2.3 Molecular Docking and Screening of
Potential Natural Inhibitors

With the help of AutoDock 4.2 online software,
the molecular docking of the target protein
(3A40) with all the selected compounds have
been carried out. For further investigation of the
binding efficiency of respective ligands towards
the macromolecule, this procedure of automation
turned out to be very effective. Each PDB file has
been changed into PDBQT format to run the
carry out the docking, where all the non- protein
elements are removed. At the surroundings of
the binding sites of protein a grid box has been
made along with specialized numbers that
represents grid points such as; X: 122, Y: 126
and Z: 126 belonging to the three dimensions,
where the grid centres are: X centre: -2.209, Y
centre: -12.251, and Z centre: -16.948 with space
value of 0.375 for 3A40. The gasteiger partial
charges as well as Hydrogen atoms were added
using AutoDock tools (Version- 4.2). Following
this, the LGA (Lamarckian Genetic Algorithm)
have been implemented and through AutoDock,
ver-4.2 program by maintaining all default
parameters [27]. For the interpretation of results
of molecular docking, AutoDock tool comprises



many algorithms and techniques. This procedure
involves many assembling tools to assemble the
desired result by the similarities of conformations
along with their conformational visualization and
protein-ligand interactions. To generate affinity
potentials the autogrid has been applied. The
visualization of the results was carried out by
PyMOI and Biovia Discovery Studio [28,29].

2.4 Structural Insights Regarding Drug
Surface Hotspots in Lyn Protein

In order to determine the drug surface hotspot of
Lyn tyrosine kinase protein (PDB ID: 3A40), the
lyn and its inhibitor complex structure were
analysed by, Discovery Studio, and PyMOL [30].
The molecular docking analysis was carried out
to study the binding pattern of Bosutinib,
Baicalein, Myricetin and Quercetin inhibitor the
Lyn protein of Breast cancer, and the results
allowed us to do comparative structural analysis
of screened the natural Lyn inhibitors [31].

2.5 MD-Simulation

Biological functions of each protein are explained
by their dynamic structures. But, this classical
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process of MD-Simulation is carried out in CABS-
flex server, which is a much known and
commonly used tool for fast simulation. The
experimental investigation of biologically relevant
proteins by applying simulation study is in high
demand for in silico studies of this sort
[32,33]. However, based on some literature
surveys, we used CABS-flex web server for our
study as this server (developed in 2013) is
usually used for carrying out quick simulations
[34]. In comparison to the classical
procedure of MD-simulation, CABS flex is
quite efficient for all-atom molecular dynamics
[35].

RMSF (Root Mean-Square Fluctuation) plot was
derived from the server which allowed us to
measure and compare the average deviation of
the amino acid residues involved [36]. In
molecular dynamics this RMSF is important to
evaluate the displacement of any particular atom
or, group of atoms that is relative to the reference
structure that is averaged over the number of
atoms. To determine the structural stability along
with time scale of the simulation or, the diverging
condition from the initial coordinates RMSF is
frequently used [37].
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Fig. 2. (a) 3D Structure of 3A40; (b) Different domains of 3A40
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Fig. 3. 3D structure of the top 4 docked Flavonoids and Tamoxifen

2.6 Absorption, Distribution,
Metabolism, and Excretion (ADME)
Prediction of Top Docked Ligands

Adsorption,  Distribution,  Metabolism  and
Excretion all-together abbreviated as ADME is a
very valuable server to assess
pharmacodynamics properties of the ligands/
small molecules /drugs of concern [38]. The
parameters based on which the assessment is
done are- solubility of water- Log S (SILICOS-IT,
ESOL, Ali), lipophilicity — Log PO/w (XLOGP3,
iLOGP, MLOGP, WLOGP, SILICOS-IT), drug
likeness rules (Lipinski, Veber, Ghose, Egan and
Muegge) and the medicinal chemistry (Synthetic
accessibility Brenk, PAINS, Lead-likeness). All
the properties are evaluated [39,40] using the
SWISS-ADME website
(https://www.swissadme.ch) [39].

2.7 Toxicity Prediction of Top Docked
Ligands

The prediction of the level of toxicity, in case of
drug designing, is a very crucial step. The
determination of the tolerance capacity of the
animal models, as well as humans, before proper
ingestion and application is very important,
otherwise can turn fatal. An online server,
pkCSM, is utilized for this purpose, where the
small molecules can be drawn virtually or, it can
be submitted in SMILES format obtained from
Drugbank. The pkCSM allows the study of
toxicological effects by determining AMES
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toxicity, hERG-I and hERG-II inhibitor, Oral Rat
Chronic Toxicity (LOAEL), Oral Rat Acute
Toxicity (LD50), maximum tolerance dose for
human, skin toxicity, hepatotoxicity, Minnow
toxicity and T. pyriformis toxicity. After logging in
into the website, the SMILES of compounds
under study, which were previously downloaded
from DrugBank, were submitted and the mode of
toxicity was selected and results were
downloaded [41]. Hence, the pharmacokinetics
of the small molecules can be determined in this
manner.

3. RESULTS
3.1 Protein Quality Determination

The structure of the target protein (PDB ID:
3A40), as determined by several online servers
like VADAR, QMEAN4, ProSa and Verify3D
(SAVES6.0), after energy minimization is
represented in Fig. 4(a), (b), (c), (d), (e) and (f).

3.2 Screening of Potential Natural Lyn
Inhibitors

Based on the docking analysis of bioactive
flavonoids with Lyn tyrosine kinase of breast
cancer, the results of binding energy are
determined. The small molecules with higher
binding affinity and more negative binding energy
for the target protein 3A40 were ranked higher.
A total of ten small molecules including
Tamoxifen (reference) were docked with 3A40



and represented in Table 1(a) along with a
graphical representation (Fig 5(a)). According to
the observation of the docking analysis, four top
docked ligands are shortlisted depending on the
binding affinities to 3A40 are represented in
Table 1(b) along with graphical depiction (Fig
5(b)). It was observed that Tamoxifen which was
used as reference small molecule/ ligand for this
study had a binding affinity of -7.83 kcal/mol for
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3A40. Out of the four top docked ligands/ small
molecules, Bosutinib (a quinolone derivate,
already known lyn inhibitor) with binding affinity
of (-9.02 kcal/mol) was top docked, then the
flavonols  Myricetin  (-8.79  kcal/mol) and
Quercetin  (-8.45 kcal/mol), followed by
flavone Baicalein (-8.04 kcal/mol) as given in
Table 1(b).

Table 1(a). Bioactive compounds binding affinity towards the target protein Lyn- Tyrosine

Kinase (3A40)
Sl No. Compounds Binding energy with LYN-Tyrosine Kinase
(kCal/mol) LYN-Tyrosine Kinase
1. Tamoxifen -7.83
2. Bosutinib -9.02
3. Dasatinib -7.71
4. 1-Tert-Butyl-3-(4-Chloro-Phenyl)-1h- -6.96
Pyrazolo[3,4-D]Pyrimidin-4-Ylamine
5. Apigenin -7.91
6. Baicalein -8.04
7. Tangeretin -7.11
8. Kaempherol -7.86
9. Myricetin -8.79
10. Quercetin -8.45

Table 1(b). Top Docked Bioactive compounds with target protein Lyn- Tyrosine Kinase (3A40)

Sl No. Compounds Binding energy with LYN-Tyrosine Kinase (kCal/mol)
1. Bosutinib -9.02
2. Baicalein -8.04
3. Myricetin -8.79
4. Quercetin -8.45
Table 2. The amino acids residues involved in the 3A40 interaction with each small molecules/
ligands
Sl no. Molecules Amino Acid Residues
1. Bosutinib Phe27, Gly28, Glu29, Gly25, Ala24, Lys44, Val30, Leu22, Ala42, Tyr90,
Met91, Val72 & Leu143
2. Baicalein Lys44, Val30, Gly23, Leu22, Ala42, Gly94, Met91, Thr88, Leu143 & Glu89
3. Myricetin Leu22, Met91, Leu143, Glu89, Ala42, Ala153, Val30, Asp154, Lys44 &
lle86
4, Quercetin  Glu89, Met91, Ala42, Leu143, Glu59, Asp154, Lys44, Val30 & Leu22

Table 3. Average, maximum and minimum RMSF values Lyn protein bound with proposed
inhibitors and Bosutinib derived from the RMSF plots. [Source: CABSflex]

RMSF (nm) Bosutinib Baicalein Myricetin Quercetin
Minimum 0.72 X 10 0.61 X107 0.79 X107 0.72 X 10
Maximum 4219 X 10" 37.58 X 10™ 34.48 X 10" 48.59 X 10"
Average 21.455 X 10™ 19.095 X 10" 17.635 X 10 24.655 X 10
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Table 4(a). ADME/tox filtering and Lipinski analyses

a. Lipinski Filter Analysis
Lipinski filters Bosutinib Baicalein Myricetin Quercetin
Molecular weight (g/mol) 530.456 270.24 318.237 302.238
No. heavy atoms 36 20 23 22
No. rotatable bonds 9 1 1 1
No. H-bond acceptors 7 5 8 7
Hydrogen bond donor 1 3 6 5
Molar Refractivity 150.65 73.99 80.06 78.03
Lipinski violation 1 0 1 0
XLOGP3 5.38 3.16 1.18 1.54
iLOGP 4.68 243 1.08 1.63
MLOGP 2.06 0.52 -1.08 -0.56
Silicos-IT Log P 4.86 2.52 1.06 1.54
WLOGP 443 2.58 1.69 1.99
Consensus Log P 4.28 2.24 0.79 1.23
Table 4(b). Admet SAR (lipophilicity)
b. admet SAR
Absorption (Probability) Bosutinib Baicalein Myricetin Quercetin
Blood-Brain Barrier -1.541 -0.967 -1.772 -1.355
Human Intestinal Absorption 90.764 91.233 66.197 74.994
Bioavailability Score 0.55 0.55 0.55 0.55
Caco-2 Permeability 1.023 1.067 0.241 0.587
P-glycoprotein Substrate YES YES YES YES
P-glycoprotein Inhibitor YES NO NO NO
CYP450 Substrate
Renal Organic Cation Transporter Inhibitor YES NO NO NO
Gl absorption (%) High; High; Low, High;
90.764 91.233 66.197 74.994
Log Kp (Skin Permeation) -5.72 -5.70cm/s  -740cm/s -7.05cm/s
cm/s
Table 4(c). Solubility Analyses
c. Solubility Analysis
Water Solubility Bosutinib Baicalein Myricetin Quercetin
e lLogS -6.25 -4.03 -3.01 -3.16
(ESOL) 2.96e-04 mg/ml;  2.51e-02 mg/ml; 3.14e-01 mg/ml; 2.11e-01 mg/ml;
e Solubility 5.58e-07 mol/l 9.28e-0 mol/l 9.88e-04 mol/l 6.98e-04 mol/l
e Class Poorly Soluble Moderately Soluble  Soluble Soluble
e Log S (Ali) -6.87 -4.74 -3.96 -3.91
e Solubility 7.08e-05 mg/ml;  4.93e-03 mg/ml; 3.50e-02 mg/ml; 3.74e-02 mg/ml;
e Class 1.34e-07 mol/l 1.82e-05 mol/l 1.10e-04 mol/l 1.24e-04 mol/l
Poorly Soluble Moderately Soluble  Soluble Soluble
e lLogS -8.75 -4.40 -2.66 -3.24
(SILICOS-IT)
e Solubility 9.37e-07 mg/ml;  1.07e-02 mg/ml; 6.98e-01 mg/ml; 1.73e-01 mg/ml;
e Class 1.77e-09 mol/l 3.94e-0 mol/l 2.19e-03 mol/l 5.73e-04 mol/l
Poorly Soluble Moderately Soluble  Soluble Soluble
e Aqueous -4.698 log mol/L  -3.059 log mol/L -2.988 logmol/L  -3.372 log mol/L
solubility
(LogS)
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Table 5. Toxicity Prediction based on SWISSADME and pkCSM data

TOXICITY Bosutinib Baicalein Myricetin Quercetin
AMES Toxicity NO NO YES YES
Hepatotoxicity YES NO NO NO

Oral Rat Chronic 1.628 log 1.316 log 3.728 log 3.032 log
Toxicity (LOAEL) mg/kg_bw/day  mg/kg_bw/day  mg/kg_bw/day = mg/kg_bw/day
Maximum Tolerated Dose 0.027 log 0.302 log 0.997 log 1.062 log
(Human) mg/kg/day mg/kg/day mg/kg/day mg/kg/day

Table 6. LD50 Value of top docked compounds

Compounds Oral Rat Acute Toxicity
(LD50 VALUE)

Bosutinib 2.805 mol/kg

Baicalein 2.279 mol/kg

Myricetin 2.358 mol/kg

Quercetin 2.295 mol/kg
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Fig. 4. (a) Ramachandran plot of 3A40 after energy minimization; (b) 3D Quality Index of
energy minimized 3A40; (c) Normalized QMEAN4 Score vs Protein Size (Residues) Plot
(QMEAN4 Value: -7.40); (d) Predicted Local Similarity to Target vs Residue Number; (e)The
structure validation by ProSa, which shows the Z-score (= -7.29) of the energy minimized
model of 3A40 (black dot), when compared to a non-redundant set of crystallographic
structures (light blue dots) and NMR structures (dark blue dots). The structure of 3A40
presents good overall quality score compared to that of NMR structures. (f) Structure
validation by Verify3D, which shows the 3D-1D score for each atom of the model 3A40. The
graphic shows that 91.89% of the residues of the structure 3A40 presented a compatibility
score of >=0.2, which indicates that the structure is a good-quality structure according to
Verify3D
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Binding energy with LYN-Tyrosine Kinase (kCal/mol)
0 I I
-10
m Tamoxifen (Control)
M Bosutinib
m Dasatinib
M 1-Tert-Butyl-3-(4-Chloro-Phenyl)-1h-Pyrazolo[3,4-D]Pyrimidin-4-Ylamine
m Apigenin
1 Baicalein
H Tangeretin
W Kaempherol
a B Myricetin
B Quercetin
Binding energy with LYN-Tyrosine Kinase
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b H Bosutinib M Baicalein B Myricetin W Quercetin

Fig. 5. (a) Graphical representation bioactive compounds binding affinity towards the target
protein LYN- Tyrosine Kinase (3A40); (b) Graphical representation the four top docked small
molecules/ligands (bioactive compounds flavones (Baicalein), flavonols (Myricetin and
Quercetin) along with Lyn inhibitor (Bosutinib)), binding affinity towards the target protein
LYN- Tyrosine Kinase (3A40)
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Fig. 6. Visualization of 3A40 3D interaction with ligands (a) Bosutinib (Lyn inhibitor), (b)
Baicalein (Flavones), and (c) Myricetin and (d) Quercetin (Flavonols)

(a) i
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3.3 Structural Insights Regarding Drug
Surface Hotspots through
Visualization

The protein-ligand interactions in the binding
sites were visualized in Biovia Discovery Studio.
The 3D binding interactions at the binding sites
are given for the four top docked ligands;
Bosutinib (Lyn inhibitor) (Fig 6(a)) and Baicalein,
Myricetin and Quercetin (Fig 6(b), (c), (d)),
followed by 2D diagrams and close insight to the
interactions of 3A40 active site with the same set
of four top docked ligands is given (Fig 7(a), (b),
(c), (d)). On visualizing the protein-ligand
interaction with the help of Discovery Studio, we
found several amino acid residues involved in the
site of the interaction. The amino acids involved
in case of each small molecules/ ligands are
given in the Table 2. Lys44, Val44, Val30, Leu22,
Ala42, Met91 and Leu143 are found to be the
key amino acid residues of 3A40 involved in the
interaction.

3.4 RMSF Plot (MD-Simulation)

The MD-simulation study on CABSflex server,
we could derive the RMSF plots of all the top
protein-ligand docked complexes. For all the
complexes, default parameters were kept. Each
amino acid residue has its unique yet crucial role
impacting the protein-ligand stability. The
fluctuation state of each amino acid residues is
determined by plotting the RMSF graph. The
analysed RMSF is plotted in the graph (Fig 8).
Here in this graph a similar pattern of fluctuations
is observed for RMSF variation of each amino
residue involved in the interaction between Lyn
tyrosine kinase and small molecules/ ligands
(flavonoids and Bosutinib). Not a single amino
acid was found to have an RMSF value of more
than 4.859 nm. Due to binding interaction with
the ligand, the RMSF of catalytic amino residues
was found significantly low. Maximum, minimum
and average RMSF values were calculated and
are given in Table 3. The fluctuation range of all
complexes was found to be 0.061 to 4.859 nm.
Difference between maximum and average, and,
average and minimum can give an idea of
fluctuation of the amino residues of Lyn. It was of
2.0735 and 2.0735 nm, 1.8485 and 1.8485 nm,
1.6845 and 1.6845 nm, and 2.3935 and 2.3935
nm for the Lyn complexed with Bosutinib,
Baicalein, Myricetin and Quercetin
respectively. The low values clearly indicat that
the individual amino residue remained almost
intact during the MD simulation.
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3.5 ADME Prediction

The  SwissADME database has been
implemented to predict the properties for ADME
analysis. The results are observed after the
submission of the small molecules. Based on the
ADME/tox analysis and Lipinski filter analysis
(Table 4(a)), the physiochemical properties like
number of heavy atoms, hydrogen bond donors,
hydrogen bond acceptors, molar refractivity,
topological polar surface area of molecule are
observed. The lipophilicity of the small
molecules, XLOGP3, iLOGP, MLOGP, WLOGP,
SILICOS-IT LOGP and Consensus Log P are
represented in (Table 4(b)).

The servers allow to analyse the property of
water solubility is measured on the basis of the
parameters like Log S ESOL, Log S Ali, Log S
SILICOS-IT, and overall aqueous solubility as
represented in Table 4(c).

The pharmacokinetic properties are gastro-
intestinal absorption (Gl), blood brain barrier,
Human Intestinal Absorption, bioavailability
score, Renal Organic Cation Transporter, Skin
penetration etc, were determined through this
study.

3.6 Toxicity Prediction

The online server pkCSM, efficiently evaluated
the results of toxicity prediction. The results
revealed that Bosutinib and Baicalein do not
have AMES toxicity whereas Myricetin and
Quercetin show AMES toxicity. According to the
toxicity prediction results, the maximum tolerated
dose observed for human are 0.027 log
mg/kg/day, 0.302 log mg/kg/day, 0.997 log
mg/kg/day and 1.062 log mg/kg/day for
Bosutinib, Baicalein, Myricetin and Quercetin
respectively as shown in Table 5. The acute rat
toxicity (oral); i.e.; the LD50 values for Bosutinib,
Baicalein, Myricetin and Quercetin are 2.805
mol/kg, 2.279 mol/kg, 2.358 mol/kg and 2.295
mol/kg respectively (Table 6). The oral rat
chronic toxicity (LOAEL) are Bosutinib (1.628 log
mg/kg_bw/day), Baicalein (1.316 log
mg/kg_bw/day), Myricetin (3.728 log
mg/kg_bw/day) and Quercetin (3.032 log
mg/kg_bw/day). Except Bosutinib none of the
above compound has shown hepatotoxicity. The
small molecules are predicted to cause no skin
sensitivity. The evaluated Gl absorption revealed
that except Mpyricetin, all have shown high
absorption. Lastly, the bioavailability scores
represented as bioavailability ladder for all the
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small molecules/ ligands (Bosutinib, Baicalein,
Myricetin, and Quercetin) are shown in Fig 9. To
estimate the gastrointestinal absorption and brain
penetration (the two major ADME behaviours
impacting pharmacokinetics) globally, a graphical
output is generated in SwissADME server which
gives an enhanced BOILED-Egg plot for each of
the small molecules, Molecule 1 (Bosutinib),
Molecule 2 (Baicalein), Molecule 3 (Myricetin)
and Molecule 4 (Quercetin), represented in Fig
10.

4. DISCUSSION

Breast cancer has already become a huge
concern for the population all over. In order to
overcome this situation, entire world is running
after the therapeutics, and preventive measures
that can be utilized against this deadly disease.
Usually, doctors tend to follow the conventional
line of treatment, i.e., chemotherapy, estrogen
modulator medications, hormone therapies,
radiations and even surgeries [42]. This study
provides a close insight towards identifying
natural potent inhibitors for Lyn tyrosine kinase
with the help of a comparative study. The study
involves a detailed comparative analysis among
the already established Lyn inhibitors derived
from DrugBank and flavones and flavonols which
are easily available, taking Tamoxifen
(commercial drug against breast cancer) as
control. Phytochemicals are considered to have
immense amount of medicinal values.
Furthermore, phytochemicals are non-toxic,
unlike synthetic molecules that act as inhibitors.
After primary screening based on binding energy
found from molecular docking, we shortlisted 4
small molecules; Bosutinib (lyn inhibitor),
Baicalein (flavone), Myricetin and Quercetin
(flavonols), whose binding energies were found
to be quite close, especially Bosutinib and
Myricetin and higher than our control molecule
(Tamoxifen). On analysing the RMSF plots
derived for each complex of Lyn with proposed
inhibitors and Bosutinib, very interestingly we
found that the fluctuation pattern of the
flavonoids were almost same to the Bosutinib
(Lyn inhibitor).  Consequently, we evaluated
other properties of the small molecules through
the online servers- SwissADME and pkCSM. On
analysis of the results evaluated on these
servers, it is observed that flavones and flavonols
which were considered for the study, have much
lesser toxicity almost in all aspects. Baicalein
shows no AMES toxicity whereas Myricetin and
Quercetin do. None of the flavone and flavonol
molecules show hepatotoxicity unlike Bosutinib.
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The maximum tolerated dose for all the
flavonoids is much higher than Bosutinib as well.
Like Bosutinib, Baicalein, Myricetin and
Quercetin  show no skin sensitivity at all.
According to the SwissADME server, the
bioavailability score for all the compounds under
study are equal (0.55). The intestinal and oral
adsorption of the drugs were analysed through
the Lipophilicity study. As per results, the GlI
absorption and human intestinal absorption seem
to be higher for Baicalein and Quercetin whereas
a little low for Myricetin. The small compounds
possess all the characteristics of good small
biomolecules. The bioactive flavonoids have
good molar refractivity values, indicating that
they are permeable through the membrane and
can strongly maintain constant molar refractivity
even when there is a weak or strong solute-
solvent interaction. The water solubility results
confirmed that they are freely water soluble. The
release of phosphate ion from ATP and at the
same time binding of the ADP to the glycoprotein
was predicted  through pharmacokinetic
properties. The bioactive flavonoids do not block
or hinder the metabolism of other therapeutics
drugs such as anti- malarial, anaesthetic, anti-
ulcer, anti-sedative drugs etc. From the overall
toxicity prediction, it is observed that the small
molecules which are analysed in this study are
safe and can be used as drug considering the
prescribed amount of dosage for human
consumption. Hence, the complete prediction
and analysis suggest that Baicalein, Myricetin
and Quercetin — all the three are better than the
synthetic Lyn inhibitor Bosutinib. This study is
another confirmation that flavonoids can be
utilized as candidate drugs against breast cancer
[43]. Further in-vitro and clinical studies should
be done considering the advantages of using
natural molecules over any kind of synthetic
molecules as inhibitors of disease-causing
proteins.

5. CONCLUSION

Since the Lyn (SRC-family kinase) is
overexpressed in triple-negative/basal-like breast
cancer (TNBC), inhibition of the same is very
important. Most of the established lyn inhibitors
are chemical inhibitors like Bosutinib, Dasatinib,
1-Tert-Butyl-3-(4-Chloro-Phenyl)-1h-Pyrazolo[3,

4-D]Pyrimidin-4-Ylamine etc. These kinds of
inhibitors have a lot of limitations like some
blocks invasion (but not proliferation) and
chances of other side effects are relatively high.
Hence, a detailed molecular docking based
virtual screening was done to identify the



potential natural inhibitors for Lyn tyrosine kinase
(PDB ID: 3A40). This is to pave a path for
dysregulated Lyn associated breast cancer
therapeutic applications. Phytochemicals, in
general, are completely natural and proved to
nurture our health in the best possible way.
Flavones and flavonols already proved to act
against breast cancer. This study further
emphasizes on a more precise mode of action by
targeting Lyn tyrosine kinase protein for the
treatment of breast cancer caused by Lyn
associated dysregulation. In addition, the protein-
ligand interaction was also studied for Bosutinib
(established Lyn inhibitor) to establish the
differences between using a synthetic inhibitor
and natural molecules as inhibitors. Furthermore,
many studies focussing on the delivery of these
natural molecules when used as drug have been
done [44]. Nano mediated delivery of flavonoids
like Quercetin have been done and found to be
really successful [45]. Baicalin, also known
as baicalein-7-glucuronide, is a conjugate of
baicalein, being a papain like protein (PLpro), not
only act as an efficient Lyn inhibitor but also have
anti-tumor, anti-inflammatory and anti-virus
effects [46]. Hence the drug delivery of these
compounds at the site of action would not be an
issue for taking these molecules to the next step
towards breast cancer therapeutics. The scope
for precision treatment against cancer is also
increasing with everyday research [47] as this
study focuses on screening natural inhibitors for
Lyn protein to be precise. A Lyn targeted therapy
can be discovered doing the follow up in vitro
research focusing the same and using this study
as the base.

6. RESEARCH SIGNIFICANCE

This study highlights the effectiveness of
"traditional medicine" utilizing the plant
phytochemical compounds especially, flavonoids.
It is an ancient tradition and is still used in some
parts of India. This ancient concept needs to be
carefully evaluated in the light of modern
medicine and can be partially used if found
appropriate.

DATA AVAILABILITY

All data generated and analyzed during this
study is included in the main manuscript or
supplementary materials/files.

DISCLAIMER

The products used for this research are
commonly and predominantly use products in our

Kulavi et al.; JPRI, 33(50A): 85-105, 2021; Article no.JPRI.75745

area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
personal efforts of the authors.

CONSENT

It is not applicable.
ETHICAL APPROVAL
It is not applicable.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

1. Igney, Frederik H, Peter H. Krammer,
Death and anti-death: tumour resistance to
apoptosis, Nature Reviews Cancer.
2002:277-288.

DOI: 10.1038/nrc776

2. Elham S, Shotorbani SS, Baradaran B.
Herbal medicine as inducers of apoptosis
in cancer treatment, Advanced
pharmaceutical bulletin. 2014:421-427.
DOI: 10.5681/apb.2014.062

3. Wang Charles CN, Li C Y, Cai J-H, Chiu
Philip C-Y, Tsai Jeffery JP, Wu M-Y, Li C-
J, Hou M-F, Identification of prognostic
candidate genes in breast cancer by
integrated bioinformatic analysis, Journal
of clinical medicine. 2019:1160.

DOI: 10.3390/jcm8081160

4. Available at https://www.who.int/news-
room/fact-sheets/detail/breast-
cancer. [Last access date: 16.05.2021]

5. Evan |, Functions of the Lyn tyrosine
kinase in health and disease, Cell
Communication and signaling. 2012:1-11.
DOI:  https://doi.org/10.1186/1478-811X-
10-21

6. Choi Y L, Bocanegra M, Kwon M J, Shin Y
K, Nam S J , Yang J-H, Kao J, Godwin
AK, Pollack JR, LYN is a mediator of
epithelial-mesenchymal transition and a
target of dasatinib in breast cancer, Cancer
research. 2010;2296-2306.

DOI: 10.1158/0008-5472.can-09-3141

7. Badve S, Dabbs DJ, Schnitt SJ, Baehner

FL, Decker T, Eusebi V, Fox SB, Ichihara

no competing

102



10.

11.

12.

13.

14.

S, Jacquemier J, Lakhani SR, Palacios J,
Rakha EA, Richardson AL, Schmitt FC,
Tan PH, Tse GM, Weigelt B, Ellis 10, Reis-
Filho JS. Basal-like and triple-negative
breast cancers: a critical review with an
emphasis on the implications for
pathologists and  oncologists, Modern
Pathology. 2011;157-167.

DOI: 10.1038/modpathol.2010.200.
Tornillo G, Knowlson C, Kendrick H, Cooke
J, Mirza H, Aurrekoetxea-Rodriguez |,
Vivanco M d M, Buckley N E, Grigoriadis
A, Smalley MJ. Dual mechanisms of LYN
kinase dysregulation drive aggressive
behavior in breast cancer cells, Cell
reports. 2018;3674-3692.

DOI: 10.1016/j.celrep.2018.11.103.
Hochgrafe F, Zhang L, O'Toole SA,
Browne BC, Pinese M, Cubas AP,
Lehrbach GM, Croucher DR, Rickwood D,
Boulghourjian A, Shearer R, Nair R,
Swarbrick A, Faratian D, Mullen P,
Harrison DJ, Biankin AV, Sutherland RL,
Raftery  MJ, Daly RJ. Tyrosine
phosphorylation  profiling reveals the
signaling network characteristics of Basal
breast cancer cells, Cancer research.
2010:9391-9401.

DOI: 10.1158/0008-5472.can-10-0911
Available at
https://cancer.sanger.ac.uk/cosmic  [Last
access date: 16.05.2021]

Schwarz LJ, Fox EM, Balko JM, Garette
JM, Kuba MG, Estrada MV, Gonzalez-
Angulo AM, Mills GB, Red-Brewer M,
Mayer IA, Abramson V, Rizzo M, Kelley
MC, Meszoely IM, Arteaga CL. LYN-
activating mutations mediate antiestrogen
resistance in estrogen receptor—positive
breast cancer, The Journal of clinical
investigation. 2014:5490-5502.

DOI: 10.1172/JCI72573

Available at
http://www.cbioportal.org/index.do [Last
access date: 16.05.2021]

Mirela GF, llan S, Pikarsky E, Rubin H,
Kasem S, Wygoda M, Weinstein |, Reuveni
H, Ben-Sasson SA. Lyn is a target gene for
prostate cancer: sequence-based inhibition
induces regression of human tumor
xenografts, Cancer research. 2004:1058-
1066.

DOI: 10.1158/0008-5472.can-03-2420.
Panche AN, Diwan AD, Chandra SR,
Flavonoids: an overview, Journal of
nutritional science; 2016.

DOI: https://doi.org/10.1017/jns.2016.41

Kulavi et al.; JPRI, 33(50A): 85-105, 2021; Article no.JPRI.75745

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

103

Batra P, Sharma AK, Anti-cancer potential

of flavonoids: recent trends and
future perspectives, 3 Biotech. 2013;
439-459.

DOI: 10.1007/s13205-013-0117-5

Tapas AR, Sakarkar DM, Kakde RB,
Flavonoids as nutraceuticals: a review,
Tropical journal of Pharmaceutical
research. 2008;1089-1099.

DOI: 10.4314/tjpr.v7i3.14693

Ravishankar D, Rajora AK, Greco F,
Osborn HMI, Flavonoids as prospective
compounds for anti-cancer therapy, The
international journal of biochemistry & cell
biology. 2013:2821-2831. DOI:
10.1016/j.biocel.2013.10.004.

Hui C, Qi X, Qianyong Z, Xiaoli P, Jundong
Z, Mantian M, Flavonoids, flavonoid
subclasses and breast cancer risk: a meta-
analysis of epidemiologic studies, PloS
one. 2013;8:e54318.

DOI: 10.1371/journal.pone.0054318.
Available:https://www.breastcancer.org/tre
atment/hormonal/serms/tamoxifen [Last
access date: 16.05.2021]
Available:https://go.drugbank.com/bio_entit
ies/BEO004315 [Last access date:
16.05.2021]

Shetve VV, Bhowmick S, Alissa SA,
Alothman ZA, Wabaidur SM, Alasmary FA,
Alhajri HM, Islam MA. Identification of
selective Lyn inhibitors from the chemical
databases through integrated molecular
modelling approaches, SAR and QSAR in
Environmental Research. 2020: 1-27.
Avaialble:https://doi.org/10.1080/1062936x
.2020.1799433

Wright B, Watson KA, McGuffin LJ,
Lovegrove JA, Gibbins JM. GRID and
docking analyses reveal a molecular basis
for flavonoid inhibition of Src family kinase
activity, The Journal of nutritional
biochemistry. 2015:1156-1165.

DOI: 10.1016/j.jnutbio.2015.05.004

Willard L, Ranjan A, Zhang H, Monzavi H,
Boyko R, Sykes B, Wishart DS, VADAR: a
web server for quantitative evaluation of
protein structure quality Nucleic Acids Res.
2003;3316— 3319.

DOI: 10.1093/nar/gkg565.

De Oliveira C C S, Coutinho Pereira G R,
De Alcantara J Y S, Antunes D, Caffarena
E R, De Mesquita J F, In silico analysis of
the V66M variant of human BDNF in
psychiatric disorders: An approach to
precision medicine, Plos one.
2019;14:e0215508.



25.

26.

27.

28.

29.

30.

31.

32.

33.

Avaialble:https://doi.org/10.1371/journal.po
ne.0215508

Wishart David S, Knox C, Guo An Chi,
Srivastava S, Hassanali M, Stothard P,
Chang Z, Woolsey J, DrugBank: a
comprehensive resource for in silico drug
discovery and exploration. Nucleic acids
research. 2006:D668-72.

DOI: 10.1093/nar/gkjo67.

Rezaei-Seresht H, Cheshomi H, Falanji F,
Movahedi-Motlagh F, Hashemian M,
Mireskandari E, Cytotoxic  activity of
caffeic acid and gallic acid against MCF-7
human breast cancer cells: An in
silico and in vitro study,
Avicenna journal of phytomedicine. 2019:
574-586.

DOI: 10.22038/ajp.2019.13475

O'Boyle NM, Banck M, James CA, Morley
C, Vandermeersch T, Hutchison GR, Open
Babel: An open chemical toolbox. Journal
of cheminformatics; 2011.
Avaialable:https://doi.org/10.1186/1758-
2946-3-33

Rehan M, Shafiullah, Medicinal plant-
based saponins targeting COVID-19 Mpro
in silico, Tradit Med Res. 2021:24.

DOI: 10.12032/TMR20201130210

BIOVIA, Dassault Systemes, [Discovery
Studio Client], San Diego: Dassault
Systemes; 2020.

Hasan M, Parvez Md SA, Azim KF,
Shukurlmran Md. AS, Raihan T, Gulshan
A, Muhit S, Akhand RN, Ahmed SSU,
Uddin Md. B, Main Protease Inhibitors and
Drug Surface Hotspots for the Treatment
of COVID-19: A Drug Repurposing and
Molecular Docking Approach, Biomedicine
& Pharmacotherapy. 2021:111742.
Avaialble:https://doi.org/10.1016/j.biopha.2
021.111742

Madeira F, Park Y M, Lee J, Buso N, Gur
T, Madhusoodanan N, Basutkar P, Tivey A
R N, Potter S C, Finn R D, Lopez R, The
EMBL-EBI search and sequence analysis
tools APIs in 2019, Nucleic Acids
Research. 2019;W636-W641.

DOI: 10.1093/nar/gkz268

Kuriata A, Gierut AM, Oleniecki T, Ciemny
MP, Kolinski A, Kurcinski M, Kmiecik S,
CABS-flex 2.0: a web server for fast

simulations of flexibility of protein
structures, Nucleic acids Research.
2018:W338-W343.

DOI: 10.1093/nar/gky356

Marrink SJ, Risselada HJ, Yefimov

S, Tieleman DP, Vries ALD, The MARTINI

Kulavi et al.; JPRI, 33(50A): 85-105, 2021; Article no.JPRI.75745

34.

35.

36.

37.

38.

39.

40.

41.

104

force field: coarse grained model for
biomolecular simulations, The journal of
physical chemistry B. 2007:7812-7824.
Avaialable:https://doi.org/10.1021/jp07109
7f

Jamroz M, Orozco M, Kolinski A, Kmiecik
S, CABS-flex: server for fast simulation of
protein structure fluctuations, Nucleic Acids
Research. 2013:W427-W431.
Avaialble:https://doi.org/10.1093/nar/gkt33
2

Jamroz, M, Orozco M, Kolinski A, Kmiecik
S, Consistent view of protein fluctuations
from all-atom molecular dynamics and
coarse-grained dynamics with knowledge-
based force-field, Journal of chemical
theory and computation. 2013:119-125.
Avaialable:
https://doi.org/10.1021/ct300854w
Available:https://galaxyproject.github.io/trai
ning-material/topics/computational-
chemistry/tutorials/analysis-md-
simulations/tutorial.html [Last access date:
1.06.2021]
Available:https://www.ncbi.nim.nih.gov/pm
c/articles/PMC4376797/ [Last access date:
1.06.2021]

Nickel J, Gohlke BO, Erehman J, Banerjee
P, Rong WW, Goede A, Dunkel M,
Preissner R, Super Pred: update on drug
classification and target prediction, Nucleic
acids research. 2014:W26-W31.

DOI: 10.1093/nar/gku477.

Daina A, Olivier M, and Vincent Z,
SwissADME: a free web tool to evaluate
pharmacokinetics, drug-likeness and
medicinal  chemistry  friendliness  of
small molecules, Scientific reports. 2017:1-
13.

DOI: https://doi.org/10.1038/srep42717
Gyebi GA, Ogunro OB, Adegunloye AP,
Ogunyemi OM, Afolabi SO, Potential
inhibitors of coronavirus 3-chymotrypsin-
like protease (3CLpro): An in silico
screening of alkaloids and terpenoids from
African  medicinal plants, Journal  of
Biomolecular Structure and Dynamics.
2021:3396-3408.
Avaialable:https://doi.org/10.1080/0739110
2.2020.1764868

Pires Douglas EV, Tom L. Blundell, and
David B. Ascher, pkCSM: predicting small-
molecule pharmacokinetic and toxicity
properties using graph-based signatures,
Journal of medicinal chemistry. 2015:4066-
4072.



42.

43.

44.

Avaialable:https://doi.org/10.1021/acs.jmed
chem.5b00104

Available at:
https://www.webmd.com/breast-
cancer/breast-cancer-treatment
access date: 1.06.2021]
Suganya J, Radha M, Naorem DL,
Nishandhini M, In silico docking studies of
selected flavonoids-natural healing agents

[Last

against breast cancer, Asian Pacific
Journal of Cancer Prevention. 2014:
8155-8159.

DOI: 10.7314/apjcp.2014.15.19.8155.

Kulavi S, Nandi S, Das C, Sengupta T,
Saha M, Ghosh C, Ghosh P, Saha A,
Chatterjee S, Characterization and
Comparative Evaluation of Antibacterial
and Cytotoxic Efficacy between two
QuercetinAu-Nanoconjugates synthesized

using Pure Tri-Sodium Citrate
and its Natural Alternative - Lemon
Extract, Int. J. Res. Ayurveda Pharm.
2021:33-41.

Kulavi et al.; JPRI, 33(50A): 85-105, 2021; Article no.JPRI.75745

45.

46.

47.

DOI: 10.7897/2277-4343.120242
Aghapour F, Moghadamnia AA, Nicolini A,
Kani SNM, Barari L, Morakabati P,
Rezazadeh L, Kazemi S, Quercetin
conjugated with silica nanoparticles inhibits
tumor growth in MCF-7 breast cancer cell
lines, Biochemical and biophysical
research communications. 2018:860-865.
DOI: 10.1016/j.bbrc.2018.04.174.

Wu C, Liu Y, Yang Y, Zhang P, Zhong W,
Wang Y, Wang Q, Xu Y, Li M, Li X, Zheng
M, Chen L, Li H, Analysis of therapeutic
targets for SARS-CoV-2 and discovery of
potential drugs by computational methods,
Acta Pharmaceutica Sinica B. 2020:766-
88.

DOI: 10.1016/j.apsb.2020.02.008

Kulavi S, Ghosh C, Saha M, Chatterjee S,
One Size Does Not Fit All: An Overview of
Personalized Treatment in Cancer, Journal
of Pharmaceutical Research International.
2021:87-103.
DOI:10.9734/JPRI/2021/v33i28A31513

© 2021 Kulavi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/75745

105



