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Abstract: Quercetin is a flavonoid compound present in many plants such as onions, tomatoes, apples,
green tea, flax seeds, etc. It possesses antioxidant and anti-inflammatory effects that help control
inflammation, kill cancer cells, and prevent heart disease. Wide evidence reveals quercetin's antitumor
property to inhibit various cancers like breast, lung, nasopharyngeal, kidney, colorectal, pancreatic,
prostate, and ovarian cancer. In this study, quercetin was docked against proteins such as Apoptic
protein (APAF-1, BAX, BCL-2), Heat shock protein, Cytochrome p450, Actin, Tyrosine-protein
kinase hck. From the Insilico research completed, we can infer that quercetin and the analogs show
great efficacy in finding against cancer and can be used in cancer care. These findings will help us
understand the quercetin's binding ability with proteins and know-how quercetin is involved in the anti-
cancer, antioxidant role.
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Abbreviations:

2-P 4H BC 4-one 2-Phenyl-4H-Benzo(H)Chromen-4-One;

5,7-D-4H-C-4-0ne 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H-Chromen-4-One;
5,7,2-T 6,8-DMTflavone 5,7,2-Trihydroxy-6,8-Dimethoxyflavone;

BNPF Betanapthaflavone;

HSP Heat Shock Protein.
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1. Introduction

Cancer is one of the world’s leading widespread disease and major causes of death.
WHO estimates that every year, cancer such as lung, stomach, liver, colon, and breast cancer
results in people's fatality [1, 2]. Worldwide, death due to cancer has increased. Both genetic
and environmental factors play a major part in the progression of cancer [3]. Sunlight exposure,
tobacco, smoking, x rays, gamma rays, asbestos, disease, fried meat, barbecue meat, obesity,
lack of exercise, radiation, caffeine are the key reason why cancer has entered the human body
[4]. Red meat such as beef, lamb, and pork has been classified as the highest risk agent for
cancer by the International cancer research agency [5].

Flavonoids are found to have an abundance of anti-cancer properties. It was known that
flavonoids could prevent cancer and can also cure the disease. Flavonoids are compounds
extracted from plants, mostly secondary metabolites with very strong anti-cancer and anti-
inflammatory properties. Flavonoids and their similar analogs are most used in ovarian, breast,
cervical, pancreatic, and prostate cancer treatment. Quercetin is a plant flavanol of polyphenols
from the flavonoid group [6-13]. Quercetin is commonly found in fruits, vegetables, leaves,
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and seeds. Quercetin is present more commonly in red onions, plum, pepper, green tea, red
wine, and citrus fruit. The red onion contains a high concentration of quercetin. The half-life
of quercetin is about 1 to 2 hours, water-insoluble, and soluble in an aqueous alkaline solution
[14].

Some work shows that quercetin is considered a very good candidate for medicinal
purposes, and quercetin oral administration induces its near-complete metabolization in the
prevention of cancer. Metabolites also maintain antioxidant properties [15, 16]. On cellular
models, quercetin suggests an almost exhaustive explanation of the mechanisms that link
quercetin to the oxidative cell balance and help control phases of the cell cycle [8, 9, 17].

Quercetin in the meal is conjugated with glycoside. The bioavailability of quercetin
derived from onions is primarily quercetin glucoside, compared to quercetin derived from
apple, which contains quercetin rhamnoside quercetin galactoside [18]. Quercetin generally
exploits mitochondria-based pathway to induce apoptosis. Quercetin is also observed in several
types of cancers for arresting the cell cycle [19-21]. Quercetin is capable of directly binding to
tubulin by which cell microtubules are depolymerized. Apoptosis by quercetin is based on
intrinsic and caspase-based pathways. Endoplasmic reticulum stress is evoked by quercetin,
leading to apoptosis in ovarian cancer based on the mitochondria pathway. It can induce
autophagy, thereby preventing ovarian cancer progression. Quercetin has a p-STAT3 / Bcl-2
axis, which is a central key player in inducing ER stress, apoptosis, and autophagy [22, 23].
Also, quercetin has been able to induce autophagy, which has a protective function in cancer
cells in ovaries [24]. Quercetin reduces the survival of metastatic ovarian cancer cells and
causes apoptosis [25, 26].

Quercetin interacts with testosterone at higher concentrations. It’s generally a key
cytostatic mechanism as the concentration are higher for inhibiting cell growth. Quercetin is
also said to increase testosterone level and decrease DHT in a rat model in a dose-dependent
manner after an initial rise. Quercetin, along with finasteride, is used as a combination drug to
decrease prostatic hyperplasia progression and reduce the adverse effects of the native drug
[27].

ROS-mediated DNA damage is also decreased by quercetin. Quercetin's high
concentrations are also recognized as a strong inducer of apoptosis [25]. Pro-inflammatory
cytokines expression was reduced by quercetin while stimulating with the rhinovirus. Also, in
rat’s, quercetin was identified to decrease the viral load and enhance lung function in a mouse
model of Chronic Obstructive Pulmonary Disease [28]. For cancer prevention, it is
recommended that quercetin be given orally. It was shown that the onset of colorectal cancer
was significantly reduced by a diet supplemented with 2 percent quercetin. Quercetin has a low
systemic toxicity biological function, attracting researcher’s attention[29, 30]. Despite wide
documentation, no field test has been conducted to validate the results. The quercetin also re-
sensitizes enzalutamide to in vitro and in vivo enzalutamide-resistant prostate cancer cells by
inhibiting the androgen receptor splice variant [31-33]. Quercetin is a fat-soluble compound
that improves the bioavailability of fatty foods. The bioavailability of the quercetin can be
increased by Non-digestible fibers. Bioavailability will be greater when supplemented as a
fundamental part of a meal [34]. The study’s main objective is to understand the quercetin and
it’s analog’s, binding potential with the proteins APAF-1, BAX, BCL, Heat Shock Protein,
Cytochrome P 450, Actin, and Tyrosine Protein Kinase. To determine the antioxidant
properties and anti-cancer properties of quercetin through molecular docking studies and
understanding its protein-binding capacity to fight against cancer.
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2. Materials and Methods
2.1. Tools and database used.

Biovia discovery studio, Open babel, Pubchem, RCSPDB, Molinspiration,
ADMETSAR, Autodock 4.2.6, and Pymol were used in this study [35, 36].

2.2. Preparation of ligand and protein.

2D structure of “QUERCETIN” was downloaded from the PubChem website
https://pubchem.ncbi.nlm.nih.gov/_and the file was converted into PDBQT format by using
“OPENBABEL”, same is repeated for all the quercetins analogs.

3D structure of the protein was downloaded from Pdb (Protein Data Bank) website
https://www.rcsb.org/ and repeat the same for six other proteins.

2.3. Docking of Quercetin and analogs against the selected proteins.

Biovia discovery studio was used to remove the ligand and water molecule from the
protein and help us get the exact protein structure alone. Autodock software was used to read
the molecule, adding the polar hydrogens and Kollman charges. Later, Grid box was created,
and spacing Armstrong is set to “1”. X, Y, Z values were set appropriately to produce a perfect
grid box. Once protein and ligand were docked, torsion was selected, and the output file was
selected in PDBQT format in MGL tools. The output was visualized using pymol software,
and validation was evaluated [37-41].

2.4. Prediction of drug bioactivity score and ADMET analysis.

Canonical smiles for quercetin and it’s analogs were copied from PubChem
https://pubchem.ncbi.nlm.nih.gov/_and pasted in the “molinspiration website . “calculate
properties” are selected to find the molecular property. Canonical smiles for quercetin and it’s
analogs are copied from PubChem https://pubchem.ncbi.nlm.nih.gov/ and pasted in the
ADMET SAR VERSION 1. “Predict” option were selected to find the ADMET property.

3. Results and Discussion

Computational analysis by molecular docking is an important tool in structural analysis
and screening of hit compounds. With the help of a three-dimensional protein structure, the
best ligand binding position is identified. Protein-ligand docking software’s identifies the best
ligand binding score based on scoring features that predict high dimensional space. It helps in
lead optimization. It is used to identify the ligand molecules to inhibit the target compound by
scrutinizing a large library of compounds [42].

Log P is a very important physical biomolecular property that affects a wide range of
systems. It is used in combination with other important parameters; it allows the work to move
forward in many pharmaceutical industries and assess the chemical compound's fate for ligand
or a substance. Log P’s prediction provides the best way to direct scientists and researchers to
produce more successful work and development results. The best value range for log p is
roughly 2. Log P > 5 shows the high metabolic turnover, low solubility, and low oral absorption
levels. Luteolin was given the best LogP value, “1.97” from the results we received [43].

A lower TPSA value implies more beneficial for a drug-likeness property. TPSA value

is considered to be low for CNS pervade [44]. Flavone and betanapthoflavone have low TPSA
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values while comparing with another ligand. This shows Flavone and betanapthoflavone have
better drug-likeness properties (table 1).

High human intestinal absorption denotes the ligand can be better absorbed in the
intestinal tract through oral administration. Apigenin, Flavone, 2-Phenyl-4H-
Benzo(H)Chromen-4-One and Betanapthaflavone tends to have better absorption in the human
intestine. Chrysin has the best value for the BBB penetration. Ligand with a low value for acute
rat toxicity is more toxic than the higher value. Recoflavone has the highest value among all

for acute rat toxicity.
Table 1. Molinspiration results.

Compound Name LogP | TPSA | natoms | Molecular Weight | nON | nOHNH | nrotb | Volume
Quercetin 1.68 | 131.35 22 302.24 7 5 1 240.08
Apigenin 2.46 | 90.89 20 270.24 5 3 1 224.05
Chrysin 2.94 | 70.67 19 254.24 4 2 1 216.03
Hispidulin 2.48 | 100.13 22 300.27 6 3 2 249.59
Luteolin 1.97 | 111.12 21 286.24 6 4 1 232.07
Diosmetin 2.28 | 100.13 22 300.27 6 3 2 249.59
Fisetin 1.97 | 111.12 21 286.24 6 4 1 232.07
Kaempherol 1.13 | 170.05 31 432.38 10 6 3 355.93
Flavone 3.74 | 30.21 17 222.24 2 0 1 200
2-Phenyl-4H- 4.39 50.44 22 288.3 3 1 1 252
Benzo(H)Chromen-4-One

5,7-Dihydroxy-2-(3,4,5- 1.66 | 151.15 22 382.24 7 5 1 240.08
TrihydroxyphenylL)-4H-

Chromen-4-One

5,7,2-Trihydroxy-6,8- 2.9 109.36 24 330.29 7 3 3 275.14
Dimethoxyflavone

Recoflavone 2.65 | 104.45 28 386.36 8 1 7 329.42
Icaritin 4.96 | 100.13 27 368.38 6 3 4 326.94
Betanapthaflavone 4.9 30.21 21 272.3 2 0 1 243.99

ADMET applies to Absorption, Distribution, Metabolism, Excretion, and Toxicity. The
estimation of the ADMET properties plays a significant role in the drug design cycle because
in the clinical phases, these properties account for the failure of around 60 percent of all drugs
[45]. Such parameters influence drug delivery's Kkinetics to tissues that affect the
pharmacological property and the compound’s efficacy as a drug. The study’s compounds all
have good pharmacodynamics and pharmacokinetics [46]. All compounds had said they would
follow the five rules of the Lipinski. All the ligands are in the range for bioreactivity ratings.
The ligands are said to be safe and effective, and their use may be considered their use in cancer
treatment. From the ADMET results, we can suggest all the ligands tend to be non-carcinogens,
non-AMES toxicity, and not readily biodegradable (table 2).

Table 2. ADMET SAR results.

Human Blood- Acute Rat

Compound | Intestinal Brain CYP2C9 | CYP2C9 | AMES Oral Acute
Name Absorption | Barrier | inhibition | substrate | toxicity | Carcinogens | Toxicity | Toxicity | Biodegradation
Quercetin 0.965 0.5711 | 0.5823 0.7898 0.722 0.945 0.7348 3.02 0.8672
Apigenin 1 0.8731 | 0.6033 0.7775 0.8906 | 0.9181 0.7012 2.6983 0.8384
Chrysin 0.9887 0.6364 | 0.7746 0.7813 0.8906 | 0.9181 0.7012 2.6983 0.8384
Hispidulin 0.9783 0.6382 | 0.756 0.7326 0.9133 | 0.9423 0.7362 2.7192 0.8952
Luteolin 0.965 0.5711 | 0.5823 0.7898 0.722 0.945 0.7348 3.02 0.8672
Diosmetin 0.9783 0.6382 | 0.756 0.7326 0.9133 | 0.9423 0.7362 2.7192 0.8952
Fisetin 0.8041 0.8542 | 0.9071 0.7639 0.5118 | 0.9608 0.5971 2.4984 0.8339
Kaempherol | 0.9051 0.7568 | 0.8538 0.7557 0.9319 | 0.9461 0.5184 2.5458 0.9073
Flavone 1 0.8481 | 0.781 0.8242 0.6389 | 0.9088 0.6178 2.4662 0.9488
2-P 4H BC
4-one 1 0.8731 | 0.6033 0.7775 0.8139 | 0.8991 0.6941 2.6768 0.8264
57-D- 4H-
C-4-One 0.965 0.5711 | 0.5823 0.7898 0.722 0.945 0.7348 3.02 0.8672
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Human Blood- Acute Rat
Compound | Intestinal Brain CYP2C9 | CYP2C9 | AMES Oral Acute
Name Absorption | Barrier | inhibition | substrate | toxicity | Carcinogens | Toxicity | Toxicity | Biodegradation
57,2-T 6,8-
DMTflavone | 0.9719 0.6742 | 0.6258 0.7717 0.9429 | 0.9336 0.592 2.9348 0.9329
Recoflavone | 0.925 0.5814 | 0.753 0.7854 0.8551 | 0.9089 0.5098 3.1563 0.8638
Icaritin 0.9859 0.8712 | 0.87 0.7888 0.7957 | 0.9431 0.659 2.9476 0.9578
BNPF 1 0.9641 | 0.5201 0.809 0.731 0.9114 0.511 2.8447 0.7247

By considering the overall summary result of quercetin and its analogs with cytochrome
P450 (Fig 1a) we could interpret that 2-Phenyl-4H-Benzo (H) Chromen-4-One have a stronger
interaction with cytochrome P450 with a binding score of -13.3 than other compounds. This is
followed by Betanapthaflavone, which has a binding affinity of -12.6. The weaker interaction
with cytochrome P450 was observed with Recoflavone. The RMSD value of all the ligands is
accepted range as all the ligands have an average RMSD value less than 2.5 Quercetin,
Apigenin, Chrysin, Hispidulin, Fisetin, Luteolin, and Kaempherol have the binding score
within the range of -10.0 to-11.0 which is considered to be the average to moderate binding
affinity. Flavone has a binding energy of -11, which means it has good interaction with protein

(table 3).
Table 3. Energy and RMSD values for Cytochrome P450 with ligands.

Protein with ligand Energy RMSD. LB RMSD.UB
Cytochrome P 450 With Quercetin -10.6 0.000 0.000
Cytochrome P 450 With Apigenin -10.7 0.000 0.000
Cytochrome P 450 With chrysin -10.9 0.000 0.000
Cytochrome P 450 With Hispidulin -10.1 0.000 0.000
Cytochrome P 450 With Luteolin -10.6 0.000 0.000
Cytochrome P 450 With Diosmetin -10.5 0.931 1.679
Cytochrome P 450 With Fisetin -10.4 0.884 1.501
Cytochrome P 450 With Kaempherol -10.7 0.000 0.000
Cytochrome P 450 With Flavone -11.2 0.000 0.000
Cytochrome P 450 With 2-Phenyl-4H-Benzo(H)Chromen-4-One -13.3 0.000 0.000
Cytochrome P 450 With 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H- | -10.3 0.028 1.774
Chromen-4-One

Cytochrome P 450 With 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -9.7 0.000 0.000
Cytochrome P 450 With Recoflavone -9.0 0.000 0.000
Cytochrome P 450 With Icaritin -9.7 0.000 0.000
Cytochrome P 450 With Betanapthaflavone -12.6 0.000 0.000

In the case of actin (Fig 1b), betanapthaflavone of -9.5 kcal/mol has good interaction
with the protein. Quercetin is said to possess weaker interaction with actin with a binding score
of —6.0. All other compounds have an energy value above -6.0, which can be considered
moderate to average interaction with actin. Furthermore, the presence of hydrogen bonds also
determines the binding affinity. The ligand-binding sites will be further studied. The RMSD
value of quercetin and analogs are below -2.5 (table 4).

For Heat Shock Protein, the binding energy of 2-Phenyl-4H-Benzo (H) Chromen-4-
One (Fig 1c), and Recoflavone (Fig 1d) have a maximum binding energy of -7.3. These two
compounds have a stronger interaction with HSP. Whereas the other compounds have a score
in the range of -6.0. 5, 7, 2-Trihydroxy-6, 8- Dimethoxyflavone and Flavone have the least
binding energy than other compounds; hence they are said to possess weak interaction with
HSP. The RMSD value and druggability of all the ligands are satisfactory (table 5).

Table 4. Energy and RMSD values for actin with ligands.

Protein with ligand Energy RMSD.LB | RMSD.UB
Actin with Quercetin -6.0 0.000 0.000
Actin with Apigenin -7.6 1.338 2.200
Actin with chrysin -8.8 0.000 0.000
https://biointerfaceresearch.com/ 13699
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Protein with ligand Energy RMSD.LB | RMSD.UB
Actin with Hispidulin -9.1 0.000 0.000
Actin with Luteolin -8.7 0.000 0.000
Actin with Diosmetin -8.9 0.000 0.000
Actin with Fisetin -1.7 0.000 0.000
Actin with Kaempherol -1.7 0.000 0.000
Actin with Flavone -7.6 1.008 1.771
Actin with 2-Phenyl-4H-Benzo(H)Chromen-4-One -8.1 0.000 0.000
Actin with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H-Chromen-4-One -8.6 0.000 0.000
Actin with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -1.4 0.000 0.000
Actin with Recoflavone -7.3 0.000 0.000
Actin with Icaritin -7.8 0.000 0.000
Actin with Betanapthaflavone -9.5 0.000 0.000
Table 5. Energy and RMSD values for HSP with Ligands.
Protein with ligand Energy | RMSD.LB | RMSD.UB
HSP with Quercetin -6.7 0.000 0.000
HSP with Apigenin -6.5 0.000 0.000
HSP with chrysin -6.6 0.000 0.000
HSP with Hispidulin -6.4 0.000 0.000
HSP with Luteolin -6.6 1.580 1.633
HSP with Diosmetin -6.7 0.000 0.000
HSP with Fisetin -6.6 0.000 0.000
HSP with Kaempherol -6.5 0.000 0.000
HSP with Flavone -6.4 0.000 0.000
HSP with 2-Phenyl-4H-Benzo(H)Chromen-4-One -7.3 0.000 0.000
HSP with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H-Chromen-4-One -6.7 0.000 0.000
HSP with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -6.4 0.000 0.000
HSP with Recoflavone -7.3 0.000 0.000
HSP with Icaritin -6.9 0.000 0.000
HSP with Betanapthaflavone -6.9 0.000 0.000

5, 7, 2-Trihydroxy-6, 8-Dimethoxyflavone of the binding energy of -14.0
interaction with APAF-1 (Fig 1le). Recoflavone compound is said to possess
interaction with APAF as its value is higher. From the overall ligand binding result

have strong
very weak
of quercetin

and analog with APAF we could conclude that quercetin and its analogs are said to have fewer

interactions with APAF protein. In the case of RMSD value, most of the compounds have a
value of 0.0, which is acceptable (table 6).
Table 6. Energy and RMSD values for APAF-1 with other ligands.

Protein with ligand Energy | RMSD.LB | RMSD.UB
APAF-1 with Quercetin 3.8 0.000 0.000
APAF-1 with Apigenin -3.0 0.000 0.000
APAF-1 with chrysin -3.4 0.000 0.000
APAF-1 with Hispidulin -1.3 0.000 0.000
APAF-1 with Luteolin -0.6 0.000 0.000
APAF-1 with Diosmetin 1.3 0.000 0.000
APAF-1 with Fisetin -0.9 0.000 0.000
APAF-1 with Kaempherol 25 0.000 0.000
APAF-1 with Flavone -4.1 0.000 0.000
APAF-1 with 2-Phenyl-4H-Benzo(H)Chromen-4-One 3.4 0.000 0.000
APAF-1 with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H-Chromen-4-One 6.2 0.000 0.000
APAF-1 with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -14.0 0.000 0.000
APAF-1 with Recoflavone 59.5 0.000 0.000
APAF-1 with Icaritin 39.7 0.000 0.000
APAF-1 with Betanapthaflavone 11 1.014 2.404

For the BAX protein (Fig 1f), Recoflavone has stronger interaction compared to other
analogs. It has a higher binding energy of -8.3, which is followed by Betanapthaflavone of
energy value -8.2. Except for quercetin, all other compounds have good interaction with the
target protein. As the value of quercetin is very much higher, it is said to possess weaker

https://biointerfaceresearch.com/

13700


https://doi.org/10.33263/BRIAC115.1369513705
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC115.1369513705

interaction. All the compounds possess hydrogen bonds, which depicts that they have good
interaction (table 7).

Table 7. Energy and RMSD values for BAX with selected ligands.

Protein with ligand Energy RMSD.LB | RMSD.UB
BAX with Quercetin 3.8 0.000 0.000
BAX with Apigenin -7.3 0.000 0.000
BAX with chrysin -7.3 0.000 0.000
BAX with Hispidulin -7.4 0.000 0.000
BAX with Luteolin -74 0.000 0.000
BAX with Diosmetin -7.1 0.000 0.000
BAX with Fisetin -6.9 0.000 0.000
BAX with Kaempherol -6.6 0.000 0.000
BAX with Flavone -7.1 0.000 0.000
BAX with 2-Phenyl-4H-Benzo(H)Chromen-4-One -7.8 0.000 0.000
BAX with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)-4H-Chromen-4-One | -7.3 0.000 0.000
BAX with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -7.0 0.000 0.000
BAX with Recoflavone -8.3 0.000 0.000
BAX with Icaritin -6.9 0.000 0.000
BAX with Betanapthaflavone -8.2 0.000 0.000

In the case of tyrosine-protein kinase HCK (Fig 1g) and Bcl-2 protein (Fig 1h),
Recoflavone have stronger interaction of binding energy -8.0 and a-10.6 respectively (table 8
& 9), and all other compounds said to possess average interaction with the protein. All other
parameters such as RMSD value, aromaticity, and hydrogen bonds are in the good range.

Figure 1. a. Docking results of cytochrome P 450 with 2-Phenyl-4H-Benzo (H) Chromen-4-One; b. Docking
results of actin with betanapthaflavone; c. Docking results of HSP with 2-Phenyl-4H-Benzo (H) Chromen-4-One;
d. Docking results of HSP with recoflavone; e. Docking results of APAF -1 with 5, 7, 2-Trihydroxy-6, 8-
Dimethoxyflavone; f. Docking results of BAX with recoflavone; g. Docking results of Tyrosine-protein kinase
HCK with recoflavone; h. Docking results of BCL -2 with recoflavone.

Table 8. Energy and RMSD values for Tyrosine-protein kinase HCK with selected ligands.

Protein with ligand Energy | RMSD.LB | RMSD.UB
Tyrosine Protein Kinase HCK with Quercetin -8.8 0.000 0.000
Tyrosine Protein Kinase HCK with Apigenin -8.8 0.000 0.000
Tyrosine Protein Kinase HCK with chrysin -9.1 0.000 0.000
Tyrosine Protein Kinase HCK with Hispidulin -8.3 0.000 0.000
Tyrosine Protein Kinase HCK with Luteolin -8.8 0.6 1.507
Tyrosine Protein Kinase HCK with Diosmetin -8.6 0.000 0.000
Tyrosine Protein Kinase HCK with Fisetin -8.6 0.000 0.000
Tyrosine Protein Kinase HCK with Kaempherol -8.6 0.000 0.000
Tyrosine Protein Kinase HCK with Flavone -8.5 0.000 0.000
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Protein with ligand Energy | RMSD.LB | RMSD.UB
Tyrosine Protein Kinase HCK with 2-Phenyl-4H-Benzo(H)Chromen-4-One -9.4 0.000 0.000
Tyrosine Protein Kinase HCK with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)- -9.0 0.000 0.000
4H-Chromen-4-One

Tyrosine Protein Kinase HCK with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -8.0 1.080 1.200
Tyrosine Protein Kinase HCK with Recoflavone -10.6 0.000 0.000
Tyrosine Protein Kinase HCK with Icaritin -9.3 0.000 0.000
Tyrosine Protein Kinase HCK with Betanapthaflavone -9.0 0.000 0.000

Table 9. Energy and RMSD values for BCL-2 with ligands.

Protein with ligand Energy RMSD.LB RMSD.UB
BCL-2 with Quercetin -7.6 0.000 0.000
BCL-2 with Apigenin -7.8 0.000 0.000
BCL-2 with chrysin -7.9 0.000 0.000
BCL-2 with Hispidulin -7.5 0.000 0.000
BCL-2 with Luteolin -8.2 0.000 0.000
BCL-2 with Diosmetin -8.1 0.000 0.000
BCL-2 with Fisetin -7.6 0.000 0.000
BCL-2 with Kaempherol -7.6 0.000 0.000
BCL-2 with Flavone -7.2 0.000 0.000
BCL-2 with 2-Phenyl-4H-Benzo(H)Chromen-4-One -8.1 0.000 0.000
BCL-2 with 5,7-Dihydroxy-2-(3,4,5-TrihydroxyphenylL)- -8.2 0.000 0.000
4H-Chromen-4-One

BCL-2 with 5,7,2-Trihydroxy-6,8-Dimethoxyflavone -7.5 0.000 0.000
BCL-2 with Recoflavone -8.4 0.000 0.000
BCL-2 with Icaritin -7.2 0.000 0.000
BCL-2 with Betanapthaflavone -8.0 0.000 0.000

Based on the docking score Recoflavone have a high score ranking compare to other
compounds. The analog Recoflavone is said to possess good interaction with most of the
targeted proteins. Based on all the overall summary results, we could conclude that quercetin
and analogs can be considered a potent drug for cancer treatment. Referring to the above
results, quercetin proves to be efficient and safe. Hence, quercetin can be further developed as
a potential drug for breast and ovarian cancer. The advancement in research helps to move
forward in the drug discovery pipeline to use quercetin in cancer treatment.

4. Conclusions

From the In silico research completed, we can infer that quercetin and the following
analogs show great efficacy in finding against cancer and can be used in cancer care. Since
quercetin is a natural flavanol that is easily found in onions, flax seeds can help people fight
cancer more effectively with dietary nutrients. Many researchers suggest that quercetin in
flaxseed effectively combats breast cancer, ovarian cancer, and endometriosis. Quercetin and
its analogs can be selected as a lead molecule to develop a drug. It will help the pharmacist and
developers produce a successful outcome of a drug and give a triumphant result in Clinical
trials.
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