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Abstract - Breast cancer is one of the greatest global issues causing to increase in death rates in females due to uncontrolled
growth of a tumor that can metastasize to different parts of the human body. The binding of Estrogen receptor (ER) and Human
Epidermal Growth Factor Receptor 2 (HER-2) with breast cancer cells is mainly responsible to cause malignant tumor that
regulates the transcription of various genes and act as a transcription factor. Maximum of the drugs used to cure breast cancer
have a negative effect on body so, we focused on natural flavonoids such as Chrysin, Equol, Hesperetin and Naringenin and
modified these flavonoids which will interact with breast cancer cell receptors, such as Human Estrogen Receptor Alpha (HER«)
and Human Epidermal Growth Factor Receptor 2 (HER-2), showing less toxic effect to human body. The new way to deal with the
immune system studies that combine techniques of systems biology with data provided by information-driven prediction methods.
The structure information of these flavonoids were collected from PubChem and the structural data of HERa and HER-2 receptor
were collected from Protein Data Bank (PDB). The four ligands were modified using the Corina classic tool and drug-likeness and
molecular properties of all the flavonoids’ original structure and modified structures were examined using the Molinspiration
server to check if all the flavonoids satisfy “Lipinski’s Rule of Five.” Computational docking allows to study of the biomolecular
interactions and ligand interactions with thousands of compounds and this virtual screening method is done using the Auto Dock
tool. This study focused on the molecular docking of modified flavonoids (ligands) with breast cancer cell receptors and the best-
modified ligand against each receptor were analysed and evaluated to cure breast cancer. The best-modified flavonoid of
Hesperetin is (25)-8-amino-2-(3-hydroxyphenyl)-6-iodo-3,4dihydro-2H-1benzopyran-4-one whose highest interaction energy is -
6.3 Kcal/mol and -7.0 Kcal/mol respectively, with HERa and HERZ receptor of breast cancer. All the best-modified structures of
Naringenin, Chrysin, and Equol flavonoid did not show potential significant difference between the original and modified
structure activation energy.
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1. Introduction:

Breast cancer is one of the major malignant growths affecting adult women between the ages of 20 and 59 and the underlying
cause of the highest mortality rate among women in India. Over the nation, the highest rates of illiteracy were found among
females who are engaged in household activities where the illiteracy rate is 8% to 46%. The explanation incorporates the need
for value instruction, individual lifestyle tendencies, and reproductive age [Gupta et al.,2015; Torre et al.,2017].

Estrogen receptors have been developed to be the best objective and effective for breast cancer treatment since endogenous
estrogens are assumed to have a significant role in the advancement of breast cancer [Debeb et al,,2015]. ER fundamentally
exists in 2 types: ER beta and ER alpha. Estrogen receptor a (ER) is the major driver of ~75% of breast cancers and plays an
important role in controlling the transcription of nuclear DNA necessary for mammary [Siersbaek et al., 2018].HER2
amplification was first noted in human breast cancer and was subsequently identified in ovarian cancer [Berchuck et al. 1990;
Slamon et al. 1987, 1989; Zhang et al. 1989].HER2 protein expression is mainly increased due to the HER2 gene amplification
mechanism, which prompts overexpression of the receptor and disturbs typical control mechanism, possibly prompting the
development of aggressive tumor cells [Salmon et al.,, 1989; Hynes et al., 1994; Hung et al,, 1986]. This situation along these
lines requests the advancement of better HER2-TK inhibitors with minimal toxicity issues to be presented as focused anti-
cancer therapeutics [Chandrika et al., 2016].
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Correct cancer treatments are those that are specifically tailored to the individual's needs in order to provide the most
effective treatment. The first PARP inhibitor has been approved for clinical use [Bryant et al., 2005]. The tamoxifen citrate drug
has a widespread role in treating the metastatic breast cancer (Manni et al,, 1982). The use of an LH-RH agonist (zoladex) it
was used with the combination with Tamoxifen as the observation was not good and there were unpredictable
endocrinological responses [Klijn et al, 1984]. The serious side effects of these artificial drugs used in breast cancer are
uterine cancer which causes a small increased risk, stroke vision problems, the drugs are anticancer drugs in breast cancer but
are a carcinogenic agent in the endometrium which affects the female genital tract, and a high risk of endometrial malignancy
[Fleming et al, 2018]. Paclitaxel and carboplatin are also used in the treatment of breast cancer and have some urinary
symptoms in females, there were worsening of existing urinary continence and an overflow [Stemmler et al., 2008].

Cancer cells will in general dodge apoptosis, a process by which cells undergo through the programmed cell death by harming
DNA, which thus restricts the cell proliferation [Evan et al., 1998; Hanahan et al., 2011]. In this way, apoptosis induction is one
of the best techniques to stop cancer, which is used in most anticancer techniques, for example, irradiation and chemotherapy
treatment [Fulda et al.,2006]. But due to side effects and constraints related to these therapies, for example, cardiovascular
toxicity and neuropathy, the need to discover new chemo preventive agents with the least side effects is growing in demand
[Monsuez et al.,2010 ; Rivera et al.,2015 ].

So, Kawaii (1999) and Pouget (2001) discovered an alternative approach for the treatment of breast cancer by the use of
traditional herbal drugs called flavonoids that have anti-breast cancer activity and show fewer side effects against human
normal cells. Naturally, occurring flavonoid products are derived from plants and are found in various parts of plants
[Havsteen et al., 2002]. Flavonoids are classified as flavones, flavonols, anthocyanidins, flavanols, flavanines, flavanonols,
aurones, furan chromones, isoflavones, isoflavanones, biflavones, xanthones, chaocones and dihydrochalcones (fig 1) [Wang et

al, 2018].
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Figure 1:- Flavonoids classifications (Wang et al., 2018)

Flavonoids are well known for their antioxidant properties [Mishra et al., 2013], anti-bacterial & anti-viral activities [Wu et
al,,2008; Wang et al., 1998], anti-inflammatory and anti-thrombogenic properties [Alcaraz et al,, 1987], anticancer activity
[Sheikh et al., 2020]. In cancer therapy, apoptosis is the known target pathway of chrysin and it affects different molecular
pathways [Moghadam et al., 2020]. Hence chrysin can be used as an anti-tumor agent [Yadav et al., 2018; Wang et al., 2020;
Zhang et al., 2020]. Prakash et al (2020) demonstrated the anticancer activity of hesperetin for cervical cancer. Naringenin is a
potential agent for anti-tumor as demonstrated by Hughes et al (2008), Erdogdu et al (2009), and Verbeek et al (2004). Shi et
al (2011) This study demonstrated that equol can be used to inhibit the expression of nuclear factor-kappa B in human breast
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cancer cells. Many studies have found that high intakes of flavonoids may reduce the risk of cancer in humans. [Hui et al,,
2013].

Flavonoids used in this project are Chrysin, Equol, Hesperetin, and Naringenin against two breast cancer cell receptors, Human
Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2(HER-2). In silico study of Chrysin and
Equol flavonoid is done by Suganya et al (2014) against receptor Human Estrogen Receptor Alpha (HER«), also the In silico
study of Hesperetin and Naringenin flavonoid against Human Epidermal Growth Factor Receptor 2 (HER-2) was conducted by
Chandrika et al (2016). So, we modified all the four flavonoids 10 times each and all modified flavonoids successfully satisfied
Lipinski’s rule of five. All the modified structures of each flavonoids were docked against the receptors HERa and HER-2 and
successfully the best-modified flavonoid results were obtained by comparing the activation energy of original structure of
flavonoids and modified structure of flavonoids with HERa and HER2 receptors using the Auto Dock tool, and the best-
modified flavonoid was selected having more activation energy than original flavonoid, which can be used to cure breast
cancer with no side effects.

2. MATERIALS AND METHOD:

2.1) Protein preparation

The 3D crystallographic structure of the receptor Human Estrogen Alpha (HERa) having Protein ID:2I0G and Human
Epidermal Growth Factor Receptor 2 (HER-2) having Protein ID: 3PP0 was retrieved from Protein Data Bank (PDB). All the
hydrogen atoms present in the proteins were merged and all the non-essential water molecules and heteroatoms were
removed during docking analysis using the Auto Dock tool. Hence these two were the target proteins that were docked against
the four flavonoids.

2.2) Ligand preparation

PDB format, two- and three-dimensional structures of flavonoids: Chrysin, Equol, Hesperetin, and Naringenin were obtained
from PubChem for docking analysis against HERa and HER-2 receptors. [Suganya et al.,, 2014;Chandrika et al., 2016].

2.3) Ligand modifications

All four flavonoids, Chrysin, Equol, Hesperetin, and Naringenin, were modified using a Corina classic tool. Three-dimensional
structures of each modified flavonoid were generated using this tool. Each flavonoid was modified 10 times, each of which was
tested against the two receptors. Naming modified flavonoids using the King Draw tool.

2.4) LipinskKi rule of five of ligand molecule

The molecular properties and drug-likeness of all the flavonoids’ original structures and modified structures were examined
using the Molinspiration server. Christopher A Lipinski formulated a thumb rule to assess the property of drug-likeness, it has
criteria such as a partition co-efficient log P which is less than 5 and not more than 5 hydrogen bond donors, and the molecular
weight should be below 500 Daltons.

2.5) Molecular docking using the Auto Dock tool

The active site residues were determined after the protein and the modified ligand were prepared, providing information
about the protein’s secondary structure and the protein-ligand interaction, and preserving the protein and ligand in PDBQT
format. The X, Y, and Z coordinates were recorded when the grid box was created using the Auto Dock tool, which identifies
the residues implicated in the active site. The updated ligand and the protein were stored as the configuration file as input as
conf.txt, and the dock was run using the command prompt. The distance from the best mode and the affinity (Kcal/mol) were
determined [Sandeep et al., 2011] [Morris et al., 2008].
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3. RESULTS:
3.1) Target protein structure
The main target of the breast cancer cell were Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor

Receptor 2 (HER-2). Both the receptors 3D structures were recovered from Protein Data Bank (PDB) and the crystallography
structure were visualized in PyMol software as shown in figure2 and figure 3.

Figure 2:- Human Estrogen Receptor
Alpha (HERa) with PDB ID:210G

Figure 3: - Human Epidermal Growth Factor
Receptor 2 (HER-2) with PDB ID:3PPO.

3.2) Docking analysis

Suganya et al (2014) demonstrated the docking of 19 different flavonoid original structures with Human Estrogen Receptor
Alpha (HERa) and concluded that Chrysin and Equol have -11.01 kcal/mol and -10.83 kcal/mol of highest activation energy
respectively. Hence, these two flavonoids, Chrysin and Equol were selected for docking with HERa. Similarly, Chandrika et al
(2016) demonstrated the docking of 150 flavonoids with HER2 receptors of breast cancer and concluded that the two citric
fruit flavonoids such as Hesperetin and Naringenin were the best-docked results with HER2. Therefore, all the 10 modified
structures of four flavonoids such as Chrysin, Equol, Hesperetin, and Naringenin were successfully docked with two receptors
of breast cancer, Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2 (HER-2).
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Table -1: Docking results of Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2 (HER-
2) with modified Chrysin flavonoid.

Sr. Name (IUPAC) Structure modified Energy value (Kcal/mol)
no. HERa HER2
L | 3, 7-dhydroxy-2-phenyl-4H-chromen-4-one -6.2 -6.8
2| H{L-amnophenyl-2-<hloro-S-hydrowy-4h-chromen4-ong 60 63
3. | bamno{2-horo-dnydroypnenyl-4kchromend-ong |+ ﬂ] 5.0 6.3
T .
4. | 2-{2-aminophenyl)-6-sulfanyl-4H-chromen-4-one Py 7 65
leﬁl -J‘H T
| J
5. | Jamno-2{3-amno-2<hlorapheny|-&-chlore4H-chromen4-one Jii i 60 56
Lﬁf_lr,ﬁ,h.._a
6. | Z-(-amno-d-hydoryphenyl-Shydowy-Ssufamy4-chomen-dong 0 5.7 -5.7
LT e
. ]
7. | T-aming-2{3-aming-2hydroxypheny)4H-chromen--on 3 9 66
X LL,M
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8. | 2{Z-amno-d-chloraphenyl-3-hydroxy-4H-chromen-d-ane 57 67
IL l lh P
Ha ™ e |
9| Baming-4damnc-Lhycronphenyl-£-hydoy4r-chromend-one -5.9 -5.4
H2N
10, | amine-2{aminc-phosphanyiphenyl -hyrory-4-chromen-4 ne e g 5.4 6.4
H U
x,_., HHT
11. | {-amino-2-(3-hydroxyphenyl)-4H-chromen-4-one L -5.3 -5.7
,#ll-q., x_.:[‘ T H
H2M = M T
[

Table -2: Docking results of Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2 (HER-
2) with modified Equol flavonoid.

Sr. Name (IUPAC) Structure modified Energy value
no. (Kcal/mol)
HERa HER2
L1 (38)-3H{&-hyckoxypheny!]-3 4-dhydro-2H-1-benzopyran-T-ol A~ ™ 63 6>
A e, ﬂj
L5 rlIhv'-"}-; J
2. | (38)-T-chloro-3-{4 phosphanylpheny)-3 4-dhydro-2H-1-benzopyrand-ang PNy "5 "5
Py .-':]*-\. 2
* ’L‘“”;' :"]
3+ | (38)-Hd-aming-3hydrowyphenyi)-T-<hlore-3 -dhydro-ZH--oenzopyrand-ol e iz >3 >4
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| (35pamineHEamno-Sghosohanyobeny]-Sycrong d-hyero-Hoerzcppanone - >4 3
L L)
I.H_,:_-,-.h\ ) ] W2
|[||| .
> | (38)-5-chloo-3-{2-hydroxyphenyl)-3 4-dihydro-2H- -benzapyran-4-one : ™ 49 65
[33) (Aydrowyphenyi)-3 -y By L0
-\“\-\.___._-,".-'1"'\-\._..-]
6| (38 H{Z-chloro-6-phosohanylpheny -3 4-dhydro-2H--benzopyran-T-aming __H{ﬁ]l 42 5.0
BoSn!
7| (38)-3-{4-chlorc-2-odophenyl)-3 4-dihydro-2H-1-benzopyran-T-amine Mf.kﬂ Lo -3 -6.0
g,
12 l“wfj“ j
8. | L-chlorg-34(35)-8-phosphanyl-3 4-cliyero-2H-1-benzopyran-3-yljphencl )ll -5.1 48
T
e
9. | (38)-B-chloro-3-Z-chloraphenyl)-3 4-dhydro-2H-1-benzopyran-one o P -5.2 -6.0
) | o~ #|
(L)1
=
10. | 2{(35)-3-chlorc-3 4-dhydro-2H-1-benzopyran-3-yl]-3-phosphanylaniline _ o -5.1 -5.4
.h: = -.hijl
Kijfjﬁ .LI'E
11. | (35)-3-{4-bromophenyl)-T-fuoro-3 4-dihydro-2H-1-benzopyran-4-one B -5.6 -6.0
P /J'L]/L*J/
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Table -3: Docking results of Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2 (HER-
2) with modified Hesperetin flavonoid.

Sr. Name (IUPAC) Structure modified Energy value
no. (Kcal/mol)
HERa HER2
L | (289 T-hydrony-2-(Hhydrowy-4-mefhaypheny -3 4-dyro-2H benzonyran-4-ng P@H 47 -9
2o 1 (254 hydroy-SphosphanyDhenyl-T-hospbanyk3 d-dyro-2H--oenzonyren-one Q 52 57
Y
3. | (28--{2-amino-4-methoryphenyl-phosphanyd 4-dhydro-2H- -enzopyran-4-ane Q:ﬂ 4.0 -1
|@‘j’”
A | (282-{2-<hloro-b-nydroxyphenyl--hosphany3 -diydro-2H--benzapyran-4-0ne - o -5.4 -6.0
OO
Py
5. | (25)2-(2 A-iaminophenyl)-T-hydroxy-3 4-dihydro-2H-1-benzapyran-4-one - NH2 -5.8 -5.4
HIJW@/:P?Q
6 | (2512-{3-amino-4-chloraphenyl)--chloro-T-fydroxy-3 4-dihydro-2H-1-benzopyrand-one /C[ -5.8 -5.9
P'““'m*m N2
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7| (25)5-chloro-2-(3-phosphanylphenyl)}-3 4-dihydro-2H-1-benzopyran-4-ane -5.0 6.1
©
8| (25}2-{4-aminophenyl)-T-bromo-3 4-dihydro-2H-1-benzapyran-4-one f@(”“ 59 47
- | (28--{3-amino-S-chloropheny!)-T-phosphanyl-3 4-dhydio-2H- -benzopyran-ong "2 52 61
10. | (25G-amino-2-(3-hydroxyphenyl}-6-odo-3 4-dihydro-2H-1-benzopyran-4-one NH2 | -6.3 -7.0
L1 (25 H-amino-2-{3-chloro-3-hydroxypheny-3 4-dihydio-26-1-Denzopyran-4-one -5.5 -6.4
*mmﬁi)\ i

Table -4: Docking results of Human Estrogen Receptor Alpha (HERa) and Human Epidermal Growth Factor Receptor 2 (HER-

2) with modified Naringenin flavonoid.

Sr. Name (IUPAC) Structure modified Energy value
no. (Kcal/mol)
HERa HER2
1. | (2545 T-dhydroxy-2-{4-hydroxyphenyl)}-3 4-dihydro-2H-1-benzopyran-4-one o OH -6.2 -6.3
HO m Q
UH L
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2| (25Hamino-2--tycroxyphenyl)-T-suflanyl-3 -dhycio-2-1-Denzopyran-&-one | 5.7 -5.5
Rvep:
3+ (ASHamio-T oy Hydony-4hosphenyoneny & dyro-ZH- -z -one /, 52 -7
m
4| (25)2-2-hydroxyphenyl-T-sulfanyi-3 4-inydro-2h-1-Denzopyran-4-one P -5.3 -6.4
oop:
5| (28F2-{Z-amino-&-hydroxyphenyl)-&-bromo-3 4-dihydro-2H--benzopyran--one . - -6.3 -6.3
)Jon
el
6| (282-{2-amino-4-hycroxyphenyl)--chloro-d 4-dydio-2H--benzopyran-4-one o OH 5.6 5.7
7. | (25 F2-{-oromo-2-hydroxyphenyl-T-chloro-3 4-dihydro-2H--benzopyran--one : P -5.3 -6.4
oY
81 08eromo-Tclovo-2-{ oy hosobeny e - dyco-2H-oengonyra - -I - -5.5 -5.5
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9. | (25F2-(2-amino-a-chlorophenyl)-5-4odo-3 4-dinydro-2H-1-benzopyran-4-one | -5.5 -6.2

10. | (28}-2-2-bromo-G-hydroxyphenyl)-8-chloro-3,4-dihydro-2H-1-Denzopyran-4-one -5.7 -5.8

11. | (25)-2-2-chlorophenyl-T-phosphanyl-3 4-dihydro-2H-1-benzapyran-4-one . -5.1 6.2

The activation energy for the original structures of Chrysin and Equol retrieved as -6.2 kcal/mol and -6.3 kcal/mol respectively
with HERa and -6.8 kcal/mol and -6.5 kcal/mol with HER2 respectively. The activation energy of original structure of
Hesperetin and Naringenin retrieved as -4.7 kcal/mole and -6.2 kcal/mole with HER« respectively and as -5.9 kcal/mole and -
6.3 kcal/mole with HER2 respectively. The 10 modified structures of each flavonoid were docked with both HERa and HER2
receptors, and the results are shown in table 1,2,3 and 4 respectively.

The results of docking were analysed and were outlined that among all the 10 modified structures of each flavonoid, (2S)-8-
amino-2-(3-hydroxyphenyl)-6-iodo-3,4dihydro-2H-1benzopyran-4-one is the best modified structure of Hesperetin flavonoid
and 2(S)-2-(2 amino-4-hydroxyphenyl)-5-bromo-3,4-dihydro-2H-1-benzopyran-4-oneis best modified structure of Naringenin
flavonoid, as both exhibits the same highest activation energy of -6.3 Kcal/molwith HER«a receptor, which is greater than their
original structure activation energy (-4.7 Kcal/mol and -6.2 Kcal/molrepectively), therefore these two modified structure of
Hesperetin and Naringenin flavonoid is best suited to inhibit the activity of HERa receptor. Similarly,2-(2-amoniphenyl)-
5chloro-8-hydroxy-4H-chromen-4-one which is the best modified structure of Chrysin flavonoidexhibits the activation energy
of -6.0 Kcal/mol with HERa receptor, but is less than the original structure activation energy of Chrysin flavonoid (-6.2
Kcal/mol ). Hence, there no significant difference of activation energy between the modified and original structure of Chrysin
flavonoid, to possess inhibitory activity of HERa receptor. None of the modified structures of Equol flavonoid exhibited the
highest activation energy than the original structure, so the original structure with an activation energy of -6.3 Kcal/mol is
best suited to inhibit the activity of HER« receptor.

Similarly, (2S)-8-amino-2-(3-hydroxyphenyl)-6-iodo-3,4dihydro-2H-1benzopyran-4-one which is best-modified structure of
Hesperetin flavonoid exhibits the activation energy of -7.0 Kcal/mol, with HER2 receptor, that is greater than the activation
energy of it's original structure (-5.9 Kcal/mol). So, this best-modified structure shows good interaction with HER2 receptor
and can be used to inhibit the activity of HER2 receptor. 2-(2-amino-4-chlorophenyl)-5-hydroxy-4H-chromen-4-one is the
best-modified structure of Chrysin flavonoid and (3S)-5-chloro-3-(2-hydroxyphenyl)-3,4-dihydro-2H-1-benzopyran-4-one is
the best-modified structure of Equol flavonoid that exhibits the activation energy of -6.7 Kcal/mol and -6.5 Kcal/mol
repectively, which is same as their original structure activation energy with HER2 receptor. Hence, these two modified
structures of Chrysin and Equolflavonoid that can be used to show inhibitory activity with HER2 receptor but will not be
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significant as compared to the original structure of both. The best-modified structure Naringenin flavonoids are(2S)-2-(2-
hydroxyphrnyl)-7-sulfanyl-3,4-dihydro-2H-1-benzopyran-4-one and (2S)-2-(4-bromo-2-hydroxyphenyl)-7-chloro-3,4-
dihydro-2H-1-benzopyran-4-one that have a same activation energy of -6.4 Kcal/mol, which is same as the activation energy of
original structure of Naringenin flavonoid with HER2 receptor. Hence, these two modified structure Naringenin flavonoid can
be used to show inhibitory activity with HER2 receptor but will not be significant as compared to original structure.

4. CONCLUSION:

There is a need for new drugs that have biological activity. In this learning, the best modified flavonoid of Chrysin, Equol,
Hesperetin, and Naringenin was found to be effective in binding to the HERa and HER2 receptors of breast cancer cells. The
best modified structures of Naringenin, Chrysin and Equol flavonoid did not show a significant difference in their structure
activation energy. The best modified form of hesperitin is (2S)-8-amino-2-(3-hydroxyphenyl)-6-iodo-3,4-dihydro-2H-
1benzopyran-4-one, which has an interaction energy of -6.3 kcal/mol and -7.0 kcal/mol, respectively, with the HERa and
HER2 receptors of breast cancer. This is the only modified flavonoid with a higher interaction energy between its original and
modified structures. Hence, it was concluded that this is the potent modified drug of Hesperetin flavonoid against breast
cancer receptors called HERa and HER2.Further investigations are needed to determine the dosage of security and safety
levels with clinical trials.
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