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Background: Developing new drugs is a time-consuming and risky process that requires
significant financial investment, resources, and labor. To discover potent new drugs, the
process must be performed step-by-step. Computational approaches are increasingly popular
in drug discovery due to their ability to combine physical and biochemical processes,
potentially increasing success rates and reducing costs.

Aim of this study: Lung cancer is a significant global public health issue, and the need for new,
effective, and safe treatments is critical. Quercetin, a natural compound, and its derivatives have
demonstrated potent anticancer activity, making them an attractive option for lung cancer
treatment.

Method: This research utilized the latest computer-aided drug-design approaches, such as
online data collection (Pass prediction, Lipinski rule, Pharmacokinetics, and Drug likeness,
ADMET), structure optimization, and molecular docking, to identify new bioactive

compounds for treating lung cancer.

Findings: The study began by calculating the biological pass prediction spectrum to select
the target protein, and cancerous proteins were identified through a high probability of active
scores. Docking scores for lung cancer were -7.1 to -10.5 kcal/mol, and drug-likeness,

ADME, and toxicity prediction were also evaluated.

Conclusion: The results indicate that the natural quercetin and its derivatives have the
potential as effective inhibitors for treating lung cancer due to their strong anticancer activity,

good pharmacokinetic properties, and lack of toxicity.

Keywords: Computational, Design, Quercetin, Lung cancer, Docking.
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CHAPTER ONE: INTRODUCTION

1.1. Introduction

Cancer is the second leading cause of mortality in the United States, after only heart disease. In 2022,
the United States is anticipated to have 1.9 million new cancer cases and 609,360 cancer deaths, for a
total of 1,670 fatalities each day. Lung cancer is the second most prevalent cancer in both men and
women in the United States. According to the American Cancer Society, there will be around 238,340
new cases of lung cancer in the United States in 2023. (117,550 in men and 120,790 in women). Lung
cancer claimed the lives of around 127,070 people (67,160 in men and 59,910 in women) [1]. Patients
with lung cancer are more likely to develop severe COVID-19 pneumonia and face greater problems
[2], [3]. COVID-19 pneumonia is sometimes diagnosed on CT scans in cancer patients who have no
distinctive COVID-19 symptoms, and the differential diagnosis between COVID-19 pneumonia and
lung cancer can be difficult [4], [5].

With ongoing developments in molecular biology and biochemistry, we have achieved significant
progress in the treatment of lung cancer. Standard treatment (such as surgery, radiation, chemotherapy,
targeted therapy, and immunotherapy) has undeniably improved the prognosis of lung cancer
populations. Immunotherapy, in particular, has given more and more good news to innumerable lung
cancer patients [6]. But still, they have only proven limited efficacy and cannot heal completely.
Multidrug resistance in cancer is a concern that occurs because of genetic alterations, specific growth
factors, increased drug effluence, increase in the metabolic rate of xenobiotics. This can decrease the
effects of therapies and also disrupt the development of a targeted and specific remedy [7].
Furthermore, cancer radiation treatment demonstrates its efficacy by preferentially destroying tumor
cells while sparingly affecting neighboring healthy cells, resulting in a variety of unpleasant symptoms
such as skin peeling, blister development, itching, and even alopecia [8]. As a result, choosing an
effective cancer therapy medication is necessary, based on a full understanding of the illness and the
limits of current therapeutic alternatives.

Natural products are well-known as cancer remedies. Cancer vaccines, immune-checkpoint inhibitors,
and adoptive immune-cell therapy with natural products have all been documented to have an impact
on cancer immunotherapy. And the process is mostly attributable to the alteration of the tumor-
immunosuppressive microenvironment, which is a critical role in assisting tumors to evade detection
and assault by the immune system and cancer immunotherapy [9].

Quercetin, a natural flavonoid molecule found in fruits and vegetables, is a powerful cancer-fighting
agent. It has been shown to decrease proliferation and trigger apoptosis in both A549 and H1299
human lung cancer cells [10]. This bioactive molecule is also composed of broad-spectrum biological
actions, including potent anticancer [11], and its derivatives have antibacterial [12], anti-viral [13], and
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CHAPTER ONE: INTRODUCTION

anti-fungal [14] properties. Because quercetin and its derivatives had previously reported potential
bioactivities, this molecule has been taken up and changed by adding or substituting other functional
groups. In this study, quercetin has been presented as a potentially useful anticancer treatment.

The in-silico techniques for early evaluation are interesting because they offer the potential to boost
success rates while simultaneously cutting R&D costs. Drug research & development costs millions
of dollars and takes more than 10-15 years, and only a few drugs meet the FDA's efficacy and safety
standards after extensive experimental testing [15]. As a result, in this study, | propose quercetin and
its nine derivatives as an improved computational technique for identifying novel prospective drugs

for the treatment of lung cancer.
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CHAPTERTWO: AIMOF THESTUDY

2.1. Main Objective

= Toestablish a new natural drug molecule for the treatment of Lung Cancer.

2.2. Specific Objective

= To run computational studies to detect some potential ligands within a short period.
= Tocomplete pre-clinical trial steps of drug design.

= Tofinda drug with the least side effects against lung cancer.

= To study the dynamic behavior of drug-receptor complexes.

= To assess the overall satisfaction and cost-effectiveness of a new drug design.
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CHAPTER THREE: LITERATURE REVIEW

3.1. Lung cancer

Lung cancer is a major cause of cancer-related deaths globally, with a five-year survival rate of only
15%. Lung cancer accounts for more deaths each year than breast, pancreas, colon, and prostate
cancers combined. It is the second most common cancer in both men and women, and around 14% of
all new cancers in the USA are lung cancers. The incidence of lung cancer is higher among older
people, with an average age at diagnosis of 70 years. The incidence of lung cancer peaked in 1990 in
men and 2000 in women, but since then, mortality in men has been decreasing, while mortality in
women has only recently started to decrease [16]. Socioeconomic factors are strongly correlated with
the incidence and mortality of lung cancer across various countries, with higher rates of incidence and
mortality seen in countries with higher levels of socioeconomic development and productivity.
Smoking is the primary risk factor for lung cancer, responsible for over 80% of all cases [17]. Other
factors that contribute to lung cancer development include air pollution, indoor emission of fuel
burning, environmental exposure to radon, asbestos, some metals such as chromium, cadmium, and
arsenic, and some organic chemicals [18]. The most common type of lung cancer is non-small cell
lung cancer (NSCLC), which comprises three histological subtypes: adenocarcinoma, squamous cell
carcinoma, and large cell carcinoma. Around 90% of patients with NSCLC have a history of tobacco
smoking [19].

3.2.  Mutations in Lung cancer cells

KRAS is the most commonly occurring oncogene in non-small cell lung cancer (NSCLC), which is a
molecular subset that has seen unsuccessful attempts at targeted treatment approaches such as farnesyl
transferase inhibition, downstream MEK inhibition, and synthetic lethality screens [20]. Biomarkers
such as epidermal growth factor receptor (EGFR) mutations and anaplastic large-cell lymphoma kinase
(ALK) rearrangements are now regularly used in managing NSCLC [21]. However, KRAS mutations
are more prevalent in lung adenocarcinomas, unlike EGFR and EML4-ALK mutations, and have not
been effectively targeted by current treatment methods [22]. The enzyme cytochrome P450 2A13
(CYP2A13) found in human lungs can convert the nicotine-related procarcinogen 4-
(methylInitrosamino)-1-(3-pyridyl)-1-butanone (NNK) into compounds that modify DNA and

ultimately lead to the development of lung cancer [23].
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CHAPTER THREE: LITERATURE REVIEW

3.3.  Therapeutic activity of Quercetin and its derivatives

Quercetin (L- 01) is a flavonoid commonly found in food and herbal supplements, with a variety of
potential uses in treating or preventing medical conditions such as cardiovascular disease,
hypercholesterolemia, and cancer. While clinical trials have not shown consistent effectiveness,
quercetin supplements are generally well-tolerated and have not been linked to liver injury [24], [25].
Additionally, quercetin has the ability to stabilize the cells responsible for histamine release in the
body, resulting in an anti-inflammatory and antihistamine impact [26]. Quercetin can cause cell cycle
arrest in numerous types of cancer cells by directly binding to various protein regulators that control
the cell cycle. This binding can impact any of the different stages of cell cycle progression, leading to
growth arrest at the G1, G1/S, or G2/M phase through interactions with different regulators [27].

There are several derivatives of quercetin with potential therapeutic activities. Quercetin-3-rhamnoside
(L- 02) has anti-inflammatory, antioxidative, and neuroprotective effects, while quercitrin can induce
apoptosis of colon cancer cells [28]. Quercetin 3-galactoside (L- 03) has anti-inflammatory properties
and can inhibit the apoptosis pathway [29], also has a role as a hepatoprotective agent and a plant
metabolite [30]. Quercetin 7-O-beta-L-rhamnopyranoside (L- 04) and Quercetin 7-O-alpha-D-
rhamnopyranoside (L- 05) have antioxidant and anticancer properties [31], [32]. Quercetin 3-O-beta-
L-fucopyranoside (L- 06) is related to beta-L-fucose and has antiviral effects [33], while Quercetin-3-
O-alpha-L-rhamnopyranoside (L- 07) has immunomodulatory properties against influenza A virus and
anticancer properties [34], [35]. Quercetin 5-rhamnoside (L- 08) has antioxidant and anti-inflammatory
effects, and Quercetin 7-O-glucoside (L- 09) has antioxidant and anticancer properties [36]. Finally,
Quercetin-3-D-xyloside (L- 10), also called Reinutrin, has antiproliferative effects on cancer cell lines
and can arrest human leukemic T cells in the late G1 phase of the cell cycle via type Il estrogen

receptors [37].
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CHAPTER FOUR: METHODOLOGY

Using cutting-edge technology, computational approaches are used in the early phases of the drug
discovery process to augment experimental investigation by offering insightful information into the
understanding of chemical systems virtually [38]. Here, | used the protocols that offer the docking—
MD combination as a logical approach to the aim of discovering a new drug.

4.1. Pass prediction spectrum

PASS (Prediction of Activity Spectra for Substances) is a computational tool used in drug design
and discovery to predict the biological activity of a molecule based on its structural formula. It is
useful in the early stages of drug design to identify promising lead compounds with the desired
biological activity. The PASS online tool, has been developed for the purpose of predicting the
physiological and biochemical properties of organic molecules based on their structural formulas. It
is capable of predicting over 4,000 categories of physiological and biochemical activity with a high
accuracy rate of more than 95% for drug-like molecules. The tool provides Pa and Pi values, which
are typically limited to a maximum value of 1 and are not equal to each other [39].

4.2. Lipinski rule, Pharmacokinetics, and Drug likeness

Swiss ADME was employed to predict the pharmacokinetic and drug-likeness properties of the
bioactive compounds, owing to its high impact and adaptable features [40]. One of the major
pharmacokinetic parameters evaluated for any bioactive compound is the Lipinski Rule, which uses
the "rule of five" to determine its characteristics. According to this rule, a chemical is considered
drug-like if it meets all five of the following criteria: its molecular mass is less than 500 g/mol, it has
no more than 5 hydrogen bond donors, no more than 10 hydrogen bond acceptors, and its octanol-

water partition coefficient log P is not greater than 5 [41].

4.3. Optimization of Ligands Structures

Initially, the chemical structures were checked using ChemDraw Professional. Next, the optimization
of these compounds was carried out using vibrational frequencies obtained from the B3LYP
functional and DND basis semi-core pseudo-potentials [42]. The optimized versions of the 10
compounds were then saved as a PDB file for additional computational analyses, such as molecular
docking, molecular dynamics, and ADMET properties.
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CHAPTER FOUR: METHODOLOGY

Figure 1: Optimized 3D chemical structures of Quercetin and derivatives.

4.4. Preparation of protein, and molecular docking studies

The PDB format was used to obtain the three-dimensional structure of Human Farnesyl Diphosphate
Synthase PDB ID 4N1Z (https://www.rcsb.org/structure/4AN1Z) and Human Lung Cytochrome P450
2A13 with indole bound PDB ID 2P85 (https://www.rcsh.org/structure/2P85) from the protein data
bank. The proteins were then uploaded to the PyMOL 2020 application, where unwanted substances

such as drugs or heteroatoms were minimized before saving the structures in
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CHAPTER FOUR: METHODOLOGY

PDB format [43]. The structures were then uploaded to the PyRx software for molecular docking
with ligands. After the docking process was complete, both the macromolecule and ligand
frameworks were saved in the pdbqt format specified by BIOVIA Discovery Studio 2020 for analysis
of the docking outcome and identification of non-bonding interactions between ligands and amino

acid residues of the receptor protein [44]. Figure 2 provides additional information on the proteins

used in the study.

Figure 2: Three-dimensional structure of selected Lung cancer target proteins used in

this study.

Lung Cancer (PDB ID: 4N1Z)

Lung cancer (PDB ID: 2P85)

Organism: Homo sapiens

Organism: Homo sapiens

Resolution: 2.35 A

Resolution: 2.35 A

3D structure

3D structure

Ref. [45]

Ref. [46]

45. Determination of ADMET Data

ADMET (absorption, distribution, metabolism, excretion, and toxicity) are pharmacokinetic

parameters that describe the processes by which a drug is absorbed, distributed, metabolized,

and eliminated by the body, as well as its potential for toxicity. Researchers can use ADMET

data to determine various factors, such as the amount of drug that is absorbed by the human

intestine, how much of the drug crosses the blood-brain barrier, and how much enters and exits

the central nervous system [47]. The online web tool pkCSM is a tool that has been used to

develop ADMET data. This data is typically calculated and measured based on the chemical

properties and structures of the molecules being studied [48].
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CHAPTER FIVE: RESULTS AND DISCUSSION

5.1. Pass prediction spectrum Data

We used the PASS (prediction of activity spectra for molecules) online tool to gather information on the
efficacy of our molecules in terms of antiviral, antibacterial, antifungal, and antineoplastic activity. Our
tested molecules have demonstrated potent antineoplastic activity with a Pa value greater than 0.800+,
except ligand 1. Among the compounds, ligand number 8 displayed the highest Pa value (0.860). The Pa
value represents the likelihood of being active, while pa indicates the likelihood of being inactive [49].
For the lead compounds mentioned, the Pa value ranges for antiviral activity were 0.398 to 0.505, for
antibacterial activity were 0.387 to 0.642, for antifungal activity were 0.490 to 0.740, and for
antineoplastic activity were 0.797 to 0.860. Based on the higher probability of being active or a higher Pa
score, lung cancer was selected as the target disease for further investigation (Table 1).

Table 1. Data of PASS prediction

SI No. PubChem Antiviral (Hepatitis B) | Antibacterial Antifungal Antineoplastic
ID Pa Pi Pa Pi Pa Pi Pa Pi
1. 5280343
(Quercetin) 0.498 0.005 0.387 | 0.033 0.490 0.032 0.797 0.012
2. 5353915 0.421 0.012 0.642 | 0.007 0.740 0.008 0.854 0.007
3. 5359430 0.421 0.012 0.642 | 0.007 0.740 0.008 0.854 0.007
4. 72193658 | 0.456 0.008 0.633 | 0.007 0.728 0.008 0.856 0.006
5. 72193676 | 0.456 0.008 0.633 | 0.007 0.728 0.008 0.856 0.006
6. 5320852 0.421 0.012 0.642 | 0.007 0.740 0.008 0.854 0.007
7. 6325794 0.421 0.012 0.642 | 0.007 0.740 0.008 0.854 0.007
8. 102052885 | 0.449 0.009 0.625 | 0.008 0.714 0.009 0.860 0.006
9. 5381351 0.505 0.004 0.601 | 0.009 0.700 0.010 0.835 0.008
10. 5878729 0.398 0.015 0.563 | 0.011 0.698 0.010 0.834 0.008

5.2. Data of Lipinski rule, Pharmacokinetics, and Drug likeness

Lipinski's five-rule is commonly used to investigate drug likeness, assuming that lower
bioavailability is a major reason for potential drugs to fail and not reach the target site [50]. It
has been estimated that a significant number of targeted medicines fail due to their negative
effect, resulting in significant medication costs, time, and human resources being wasted [51].
And, these concerns can be minimized through the use of computational methodologies. To be
considered a good and effective oral bioactive molecule, any bioactive molecule should adhere
to the Lipinski rule. Ligand 1 was found to have superior bioavailability and comply
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CHAPTER FIVE: RESULTS AND DISCUSSION

with the Lipinski rule among all the reported compounds. On the other hand, ligands 2-9 had
low bioavailability and violated the Lipinski rule due to mismatches in the hydrogen bond
acceptor and donor. Nevertheless, the molecular weight and Log P value were within the range
for all compounds (Table 2).

Table 2: Data on Lipinski rule, pharmacokinetics, and drug-likeness.

s g % E 2 . % gEIL g g Lipinski rule o
No.. CID g % é !!2 3% §_% o g Result violation Bioavailability
L= 5|98 S = =

1. |5280343 302.24 7 5 1.23 Yes 0 0.55
2. | 5353915 448.38 11 7 0.16 Yes 2 0.17
3. | 5359430 448.38 11 7 0.19 Yes 2 0.17
4. | 72193658 448.38 11 7 0.55 Yes 2 0.17
5. | 72193676 448.38 11 7 0.51 Yes 2 0.17
6. | 5320852 448.38 11 7 0.32 Yes 2 0.17
7. | 6325794 448.38 11 7 0.37 Yes 2 0.17

8. 102052885 448.38 11 7 0.09 Yes 2 0.17
9. |5381351 464.38 12 8 -0.37 Yes 2 0.17
10. | 5878729 434.35 11 7 -0.00 Yes 2 0.17

5.3. Molecular docking and interaction analysis

The process of molecular docking is an established method to determine how two molecules interact
and determine the appropriate ligand configuration for forming a minimum energetic complex. A
bioactive molecule is typically considered to have a general and standard value of -6.0 kcal/mol [52].
In this study, ten targeted ligands and one standard (Capmatinib) were docked against two Lung
cancer proteins. Through this in silico experiment, it was found that all ligands in Table 3 showed
good binding affinity to the target, but ligands 2, 5, 7, and 9 displayed the most biological activity.
Ligands 5 and 9 had the highest docking scores of -10.1 and -10.5, respectively, against lung cancer
(PDB 4N1Z), while ligands 2 and 7 had scores of -9.8 and -8.8, respectively, against lung cancer
(PDB 2P85). This suggests that these bioactive molecules may be effective anticancer agents for

lung cancer.
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CHAPTER FIVE: RESULTS AND DISCUSSION

Table 3: Binding affinity against lung cancer proteins.

SI. No. cID Lung cancer (PDB ID: 4N12) Lung cancer (PDB ID: 2P85)
Binding affinity (Kcal/mol) Binding affinity (Kcal/mol)
1. 5280343 -9.3 -8.4
2. 5353915 -7.3 -9.8
3. 5359430 -714 -7.3
4. 72193658 -8.5 -7.9
5. 72193676 -10.1 -7.9
6. 5320852 -7.1 -7.2
7. 6325794 -7.2 -8.8
8. 102052885 -8.2 -8.2
0. 5381351 -10.5 -8.4
10. | 5878729 -75 -7.8
11. | Standard -9.3 -8.7
Capmatinib

5.4. Protein-ligand interaction and Molecular docking process

The binding site between the receptor and ligand was identified using Discovery Studio version 2021
and displayed in Figure 3. Initially, auto-docking was performed on the protein and ligand to
determine the binding sites, amino acid residues, and obstruction of the active site. The complex
formation between the protein and ligand in the binding pocket is clearly visible, including the
hydrogen bonding donor or acceptor regions [53]. Additionally, 2D images of active amino acid
residues were generated for Lung cancer proteins (PDB ID 4N1Z and 2P85) with each ligand. For
example, for PDB ID 4N1Z, ligand 5 binds with A: TRP-103, A: MET-31, A: TYR-497, A: TRP-
406, A: TYR-410, A: TYR-27, and A: GLY-28, while ligand 9 binds with A: ARG-225, A: ALA-
390, A: TYR-27, A: TRP-406, A: TYR-410, and A: TRP-103. Similarly, for PDB ID 2P85, ligand
2 binds with A: ILE-291, A: PHE-275, A: ILE-135, A: PHE-279, A: GLN-288, and A: TRP-287,
while ligand 7 binds with A: VAL-133, A: PHE-15, and A: LEU-12. All amino acid residues and
their bond distances for each compound are available in the supplementary file.

Figure 3: Docking interactions between the proposed compounds.

Interactions
. Conventional Hydrogen Bond D Pi-Sulfur
|| Carbon Hydrogen Bond || Ally
[ Pi-Donor Hydrogen Bond || PicAlkyl
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CHAPTER FIVE: RESULTS AND DISCUSSION

2D picture of active sites
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CHAPTER FIVE: RESULTS AND DISCUSSION

5.5. ADMET Data Investigation
ADMET plays a crucial role in the development of effective bioactive molecules because a drug with
poor ADMET properties can be toxic [54]. Up to 60% of drugs in clinical trials fail due to poor ADMET
performance, making it a critical step in drug design and discovery [55]. The ADMET properties of
reported novel quercetin derivatives were predicted using pkCSM and Table 4 presents the information
on their ADMET properties, including water solubility, absorption in the gastrointestinal tract, the
volume of distribution, blood-brain barrier permeability, CYP450 enzyme inhibition or substrate
activity, total clearance, renal substrate activity, and toxicity. The quercetin derivatives have high water
solubility, with Log S values ranging from -2.881 to -2.905. However, none of the derivatives can pass
through the blood-brain barriers. The absorption rate ranges from 33.633% to 77.207%, where only
Ligand 1 have high absorption in the gastrointestinal tract. The VDss values of the molecules suggest
moderate distribution, and only ligand 1 can inhibit the CYP450 1A2 inhibitor, whereas no ligand is
CYP450 2D6 substrate. The total clearance rates range from 0.364 to 0.407 ml/min/kg, indicating a
drug with a maximum clearance rate of 0.407 ml/min/kg can be cleared from the body, and none of the
drugs can be excreted through the renal OCT2 substrate. None of the ligands exceed the AMES toxicity,
skin sensitization and hepatotoxicity level.
Table 4: Summary of ADMET prediction.

Distribution Metabolism Excretion Toxicity
wn

s > < = > =, T
SI.N & Z 3 S | & |5X2|38 L8| 5|2 |8
el gg | 22 | 5 | 3B |EEEE 3o gE| 2| s | &
= S = Ew 52239 28 38| & = <
= S & 5 | & |“»PS| &8 4] 2 | B |8
g E3 = R o Tg D §- Z
1. 5280343 -2.925 77.207 1.559 -1.098 Yes No 0.407 No No No No
2. 5353915 -2.903 52.709 1.517 -1.495 No No 0.364 No No No No
3. 5359430 -2.903 52.709 1.517 -1.495 No No 0.364 No No No No
4, 72193658 -2.905 47.394 1.536 -1.636 No No 0.376 No No No No
5. 72193676 -2.905 47.394 1.536 -1.636 No No 0.376 No No No No
6. 5320852 -2.903 52.709 1.517 -1.495 No No 0.364 No No No No
7. 6325794 -2.903 52.709 1.517 -1.495 No No 0.364 No No No No
8. 102052885 -2.9 56.352 1.573 -1.641 No No 0.387 No No No No
9. 5381351 -2.881 33.633 1.526 -1.623 No No 0.388 No No No No
10. | 5878729 -2.903 51.884 1.508 -1.473 No No 0.364 No No No No
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CHAPTER SIX: CONCLUSION

6.1. Conclusion

The study results indicate that certain derivatives are potent inhibitors of the cancer proteins,
suggesting their potential for treating Lung cancer. The binding affinities of ligands 5 and 9 in
PDB 4N1Z have increased to -10.1 and -10.5 kcal/mol, respectively, while ligands 2 and 7 in
PDB 2P85 have gained -9.8 and -8.8 binding energies, respectively, indicating that the
proposed quercetin derivatives have excellent binding energy and stability in the active site of
experimental proteins. The crystal structure of lung cancer and the bioactive quercetin
derivatives demonstrate that the compounds have different active amino acids, including
tyrosine-410, arginine-225, phenylalanine-279, glycine-288, leucine-12, and valine-133, which
contribute to their strong binding energy than the standard and exhibit excellent
pharmacokinetic properties, proper absorption, favorable metabolic transformation, and
reduced adverse effects. Given these positive attributes, it is suggested that further research

should be conducted to develop novel molecules based on these derivatives.
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