CAPITAL UNIVERSITY OF SCIENCE AND
TECHNOLOGY, ISLAMABAD

Study of Anticancerous
Compounds of Nigella sativa
Effective against Breast Cancer
by
Allah Rakha

A thesis submitted in partial fulfillment for the

degree of Master of Science

in the
Faculty of Health and Life Sciences

Department of Bioinformatics and Biosciences

2025


www.cust.edu.pk
www.cust.edu.pk
Faculty Web Site URL Here (include http://)
Department or School Web Site URL Here (include http://)

Copyright © 2025 by Allah Rakha

All rights reserved. No part of this thesis may be reproduced, distributed, or
transmitted in any form or by any means, including photocopying, recording, or
other electronic or mechanical methods, by any information storage and retrieval

system without the prior written permission of the author.



ii

Dedicated to my parents, family and my respected teachers who have been a
constant source of motivation and encouragement during challenges and

supporting me spiritually throughout my life.



CERTIFICATE OF APPROVAL

Study of Anticancerous Compounds of Nigella sativa

Effective against Breast Cancer
by
Allah Rakha

(MBS231019)

THESIS EXAMINING COMMITTEE

S. No. Examiner Name Organization
(a) External Examiner Dr. Shahid Hussain KU, Murree
(b) Internal Examiner Dr. Rizwan ur Rehman  CUST, Islamabad
(c) Supervisor Dr. Shaukat Igbal Malik CUST, Islamabad

Dr. Shaukat Igbal Malik
Thesis Supervisor
September, 2025

Dr. Syeda Marriam Bakhtiar Dr. Sahar Fazal
Head Dean
Dept. of Bioinfo. & Biosciences Faculty of Health & Life Sciences

September, 2025 September, 2025



v

Author’s Declaration

[, Allah Rakha hereby state that my MS thesis titled “Study of Anticancerous
Compounds of Nigella sativa Effective against Breast Cancer” is my own
work and has not been submitted previously by me for taking any degree from
Capital University of Science and Technology, Islamabad or anywhere else in the

country /abroad.

At any time if my statement is found to be incorrect even after my graduation,

the University has the right to withdraw my MS Degree.

il

(Allah Rakha)
Registration No: MBS231019



Plagiarism Undertaking

I solemnly declare that research work presented in this thesis titled “Study of
Anticancerous Compounds of Nigella sativa Effective against Breast
Cancer” is solely my research work with no significant contribution from any other
person. Small contribution/help wherever taken has been duly acknowledged and

that complete thesis has been written by me.

I understand the zero tolerance policy of the HEC and Capital University of Sci-
ence and Technology towards plagiarism. Therefore, I as an author of the above
titled thesis declare that no portion of my thesis has been plagiarized and any

material used as reference is properly referred/cited.

I undertake that if I am found guilty of any formal plagiarism in the above titled
thesis even after award of MS Degree, the University reserves the right to with-
draw /revoke my MS degree and that HEC and the University have the right to
publish my name on the HEC/University website on which names of students are

placed who submitted plagiarized work.

el

(Allah Rakha)
Registration No: MBS231019



vi

Acknowledgement

I humbly thanks to ALLAH ALMIGHTY, the most Merciful and Beneficent who
best owed His innumerable blessings upon mankind, one of which is knowledge a
distinction for mankind. I offer my gratitude to the Holy Prophet Muhammad
(PBUH) who preached us to seek knowledge for the betterment of mankind in

particular and other creature in general.

[ am deeply indebted to my supervisor Dr. Shaukat Igbal, Assistant Professor,
Department of Bioinformatics and Biosciences, Faculty of Health and Life Sciences,
Capital University of Science and Technology Islamabad (CUST), Pakistan. His
guidance and continuous encouragement throughout my study have helped me in
completion of my thesis. I am grateful to Dr. Erum Dilshad, Assistant Professor,
Department of Bioinformatics and Biosciences, Faculty of Health and Life Sciences,
Capital University of Science and Technology Islamabad (CUST), Pakistan for her

kind cooperation to provide research facilities.

I specially thanks to Muhammad Maaz who helped me in installation and under

standing of different softwares.

(Allah Rakha)



vii

Abstract

In today’s environment, where stress, toxic waste, and radiation are prevalent,
humans have become more vulnerable to various diseases. Researchers are ac-
tively searching for therapeutic compounds that can either treat or reduce the
onset of these diseases. Nigella sativa, a plant from the Ranunculaceae family,
has a long history as a medicinal herb. The metabolites found in Nigella sativa
seeds exhibit promising therapeutic activities for the immune, cardiovascular, en-
docrine, and respiratory systems, in addition to having antioxidant, anticancer,
and anti-ulcer properties. The identification of natural, plant-based, and non-
toxic anticancer agents is crucial for the treatment of various types of cancer. In
the current study, Topoisomerase I and Topoisomerase II o were chosen as target
proteins, while ligands selected for the study included a-pinene, anethol, myristic
acid, nigeglaine, nigellaquinomine, nigellicine, palmitic acid, pyrogallol, salfredin
B11, and salicylic acid. Molecular docking was employed to evaluate the bond
strength between a ligand and its target protein using a specialized scoring func-
tion. It also helped determine the optimal orientation of the ligand within the
binding site. The docking process utilized the 3 Dimensional structures of target
proteins in Protein Data Bank format and the ligand structures in Structure Data
format. The best ligand was selected based on the highest docking score, LogP
value, hydrogen bond acceptors, hydrogen bond donors, and molecular weight.
Salfredin B11 emerged as the lead compound, demonstrating the best docking
score, hydrogen bonding, and pharmacokinetic properties compared to the other
ligands. Sorafenib, an Food and Drug Administration-approved drug for cancer,
was used as a reference for comparison. By evaluating both compounds in terms
of ADMET and physicochemical properties, it was concluded that Salfredin B11
exhibited superior activity and safety compared to Sorafenib. This promising ac-
tive compound, Salfredin B11, identified from Nigella sativa, holds potential as a
future medicinal agent. To validate its drug potential, it could undergo experi-
mental testing in mice, and, following successful trials, proceed to clinical studies

for further confirmation.
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Chapter 1

Introduction

Nigella sativa, a member of the Ranunculaceae, is a historically renowned medic-
inal plant. It has been mentioned in various texts. The seeds of this plant are
referred to as "Kalonji” in South Asia, "Habbat us Sauda” in the Middle East,
and are commonly known in English as "black cumin.” [1, 2]. The metabolites
found in N. sativa seeds exhibit promising therapeutic potential for the immune,
endocrine, cardiovascular, and respiratory systems [3]. Because thymoquinone is
present in the essential oil of these seeds, several of N. sativa’s actions are taken
into consideration. [4]. N. sativa seeds are mostly used in different food dishes as
condiment due to their specific aroma and bitter taste like peppers [5]. The leaves
of the green plant N. sativa are finely split. Its flowers have five to ten petals and
come in a variety of colors, including white and pastel blue. The fruit resembles
a capsule that is further separated into three follicles, each of which bears oval,

black seeds [6].

Cancer is the term used for the disease which comprises of uncontrolled and ab-
normal division of cells and they may invade other body cells through blood or
lymph. It has become the second major cause of death in the world and over all
cancer prevalence has raised [7]. Cancer is the dangerous health problem affecting
human beings. At the tissue level it is a variety disease and this variety is huge

challenge for the specific diagnosis followed by the treatment [8, 9].
1
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Highest cancer type percentages in men occur in prostate, lung, bronchus, colon,
rectum and urinary bladder respectively. While in women highest cancer preva-
lence is in breast, lung, bronchus, colon, rectum, uterine corpus and thyroid. This
information shows that breast and prostate cancer are the major types of can-
cer found in women and men respectively [10]. In children highest percentage
of cancer type is blood cancer, cancer related to brain and lymph nodes cancer

respectively [11, 12].

The question “What causes cancer” got the attention of people over generations.

There are different causes of cancer which develop different type of cancer.

WHO organized an international symposium in 1950, where the participants were
intrigued by the variations in the variety of cancer found in the world [13]. It
comes to know that people who travelled to other countries developed the type
of cancer common to their country of stay rather than their native country. It
showed that most types of cancer are caused by exposures to the environment

instead of inherited genes [14].

Cancer is mainly caused by a series of mutations in the genes and these mutations
alter the cell function. Chemical compounds are responsible for gene mutations
and production of cancer cells. It is proved that Smoking leads to lung cancer
because it contain many carcinogens [15]. Environmental chemical substances
having carcinogenic properties effect the nucleus and cytoplasm of the cells directly
and indirectly leading to gene mutations [16-18]. Bacteria, viruses and radiations
contribute for 7% of all type of cancers [19]. Generally cancer breaks the cellular
relations leading to dysfunction of vital genes. This disturbance effect the cell
cycle which result in abnormal proliferation [20, 21]. Proto-oncogenes which are
essential for normal functioning of cell become oncogenes during mutations and
this is very dangerous for the cell [22]. If there is no tumor suppressor gene it will

trigger uncontrolled and abnormal cell division [23].

Breast cancer incorporates complex molecular mechanisms. Because of the com-
plicated molecular variations, treating breast cancer with radiation treatment or

chemotherapy therapy is challenging and often has unintended side effects. For
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centuries, plants and their extracts have been utilized to address various ailments,
including breast cancer. Herbal remedies are a reliable option for treating cancer
due to their minimal toxicity. Additionally, women with breast cancer readily em-
brace herbal solutions due to their accessibility and affordability. In recent years,
numerous plants and their compounds have displayed promising anti-cancer prop-
erties against breast cancer cells in both lab and animal studies. However, their
efficacy in treating breast cancer remains uncertain due to the absence of random-

ized clinical trials [24].

Breast cancer exhibits a varied molecular profile. Key molecular features of the
disease include the activation of human epidermal growth factor receptor 2 (HER2,
encoded by FRBB2), activation of estrogen and progesterone receptors, and/or
mutations in the BRCA genes. Depending on the molecular subtype, different
treatment plans apply. Treatment for breast cancer is interdisciplinary and con-
sists of both systemic therapy and a loco- regional strategy (surgery and radiation
therapy). Systemic therapies include hormone therapy for hormone receptor—
positive disease, chemotherapy, anti-HER2 treatments for HER2-positive cases,
bone-stabilizing agents, poly (ADP-ribose) polymerase (PARP) inhibitors for pa-
tients with BRCA mutations, and more recently, immunotherapy. Future strate-
gies for breast cancer treatment aim to minimize complications, enhance effec-
tiveness based on tumor biology and early treatment response, and personalize

therapy for each individual patient [25].

Breast cancer development frequently involves the activation of BRACA genes.
They are important tumor suppressor genes, which suggest that through control-
ling cell division and mending broken DNA, they contribute in the prevention of
cancer. The cells have capacity to correctly repair DNA may be compromised by
mutations in BRACA1 and BRACA2, which increases the likelihood of mutations
that could result in cancer. It is possible to inherit these gene mutations from
one’s parents. Those who carry these mutations are at an increased risk of de-
veloping metastases. By identifying these changes through genetic testing, people
can assess their risk of developing cancer and decide on preventative and early de-

tection measures like intensified surveillance, risk-reducing operations, or tailored
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medicines. Knowing the presence of BRACA mutations in breast cancer patients
can guide treatment decisions. Some treatments like PARP inhibitors have been

developed specifically for breast cancer with BRCA mutations.

1.1 Problem Statement

Breast cancer is a leading global health concern, with conventional chemotherapy
often causing serious side effects. This study explores the potential of Nigella
sativa-derived bioactive compounds as alternative treatments, using computa-

tional modeling to evaluate their efficacy against breast cancer.

1.2 Aim and Objectives

The main aim of this research study was to identify potential compounds using
molecular docking of Nigella sativa to deal with breast cancer which is a serious

threat to life.

» To find the potential compound of Nigella sativa having anti-cancerous prop-

erties in silico.

o To study the interaction between ligand and protein complex through molec-

ular docking.
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Literature Review

2.1 Nigella sativa

N. sativa has used as spices as well as flavoring agent in different food preparations
i.e. pickles, sauces, salad etc. It has long been used in Europe, Arabian countries
and Africa as traditional remedy [26]. The earlier herbalists consider the N. sativa
as “The herb from heaven” [27]. The Holy Prophet (PBUH) spoke of the healing
properties of black seeds in His Hadith, saying, “‘continue to use this black seed,
for it is a cure for every disease except death.” [28]. Avicenna has recommended
the use of black seeds to enhance the body energy in his book “The Canon of
Medicine” [29]. The morphology of Nigella sativa plant and seeds is shown in

Figure 2.1. Taxonomic classification of this plant is given in Table 2.1.

FIGURE 2.1: Morphology of Nigella sativa seeds and plant [30]
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TABLE 2.1: Taxonomic Classification of Nigella sativa

Sr.No. Taxonomic Rank Eukarya

1 Kingdom Plantae

2 Subkingdom Tracheobionata (Vascular plant)
3 Division Spermatophyta

4 Class Magnoliophyta

5 Subclass Magnolidae

6 Order Ranunculales

7 Family Ranunculaceae

8 Genus Nigella

9 Species Sativa

2.2 Cultivation and Collection of Nigella sativa

N. sativa is cultivated all over the world and it is grown as annual herb in Pakistan
and India. It is grown as the same way like wheat during winter season. Land from
where crops of green grams, black grams or corn are harvested can be used for
its cultivation. Before cultivation 2-3 times plouging is enough to get good yield
and to stop the weeds growth in the field. Light soils can be prepared more easily
as compared to heavy soils as they required more plouging. Distance between
the seeds should be 30cm and to avoid the delayed germination, there should not
be deep sowing of seeds. 12-15 kg per hectare seed is required. 3-5 irrigations
are enough for the crop at different stages till its harvesting. Crop of Nigella
sativa matures in April and May. When fruit turns yellowish, crop is harvested
and it should be done early in the morning because late harvesting may leads to
the scattering of seeds. After harvesting process and drying, crop is threshed by
proper thresher or by tractor. After this threshing step seeds should be stored in
the proper bags [32].

According to WHO more than 3/4th communities of less resource countries depend

on medicinal plants for their basic health care because they are unable to buy or
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do not have access to the allopathic medicines [33, 34]. Now a day with the
development of optimum nutrition; a new interest is being developed to use plants
as food as well as medicine [35, 36]. Recently there is increased use of plant
derive medicines not of due to easy access but the belief that phyto-medicines
have less side effects as compared to the synthetic medicines [37]. It is reported
that about 300,000 herbal species exist in the world but only 15% of these species
are examined for their pharmacological activity [38]. N. sativa is considered as
the much nutritious herb among all herbs around the world and different scientific

researchers are going on to validate its traditional claim of uses [39, 40].

2.3 Nutritional Value of Nigella sativa

Different researchers reported its nutritional values as 38% of fats, 32% of total
carbohydrates, 7-94% of fiber and 20-85% of protein. Different amino acids found
in Nigella sativa are aspartate, glutamate and arginine whereas methionine and
cysteine are the minor and major amino acids respectively. It also contains sig-
nificant levels of copper, iron, zinc, phosphorus, thiamin, niacin, calcium and folic

acid [41, 42].

2.4 Chemical Composition

As this plant is widely used in food as well as medicine, it is extensively studied
to analyze the phytochemicals found in it. N. sativa seeds composed of different
chemicals i.e. fixed oil, alkaloid, saponin, essential oil and proteins. They contain
0.4-2.5% essential oils and 28-36% fixed oil. Main component of fixed oil is unsat-
urated fatty acids which include arachidonic, linoleic, eicosadienoic and linolenic
acid. Stearic, myristic and palmitic acid are the components of saturated fatty
acid of fixed oil [43]. Essential oil of N. sativa seeds was investigated through gas
Chromatography-mass spectrometery (GC-MS). There are many compounds in

the oil but pharmacologically most active component found in volatile oil are dithy-
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moquinone, thymoquinone, thymol and thymohydroquinone. Chemical structures

of these compounds are shown in Figure 2.2 [44, 45].

0 CHs

0 0 CH,
o
HL
CH, O 0 0

Dithymoquinone Thyn’loqll] none

OH Me OH CHs

Me OH,
Me

Thymohydroquinone Thymol
FIGURE 2.2: Chemical structure of active components of Nigella sativa [46]
In addition to these active compounds some other chemical compounds are also
found in the Nigella sativa seeds which have different active components in them

performing some specific function in the body when used as a remedy. Summary

of these compounds is described in Table 2.2.

TABLE 2.2: Phytochemical Composition

Component Type Constituents

Fixed oil (32-40%)  Unsaturated Arachidonic, eicosadienoic, linoleic, linolenic, oleic,
fatty acids [47] palmitoleic, palmitic, stearic, and myristic acids
Sterols Beta-sitosterol, cycloeucalenol, cycloartenol, sterol

esters, and sterol glucosides
Volatile oil Saturated fatty =~ Thymoquinone, nigellone, thymol, carvacrol,
(0.4-0.45%) acids [49, 50] dithymoquinone, thymohydroquinone, p-cymene,
d-limonene, a- and (-pinene, d-citronellol, and
2-(2-methoxypropyl)-5-methyl-1,4-benzenediol
Alkaloids [51] - Nigellicine, nigellidine, nigellimine-N-oxide

continued on next page
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Table 2.2 continued from previous page

Component Type Constituents

Coumarins [51] - 6-methoxy-coumarin, 7-oxy-coumarin,

7-hydroxy-coumarin

Saponins [52] Triterpenes and  Alpha-Hedrin, steryl-glucosides,
Steroidal acetyl-steryl-glucoside
Minerals - Calcium, phosphorous, potassium, sodium, and
(1.79-3.74%) [53] iron
Carbohydrates - -
(33.9%)

Fiber (5.5%),
Water (6%) [54]

2.5 Pharmacological Activities of N. sativa

There are so many pharmacological activities of N. sativa of which some are being

discussed here.

2.5.1 Antioxidant Activity

Free radicals may be produced in many human diseases. N. sativa has antioxidant
property and to find the antioxidant compounds in the essential oil of N. sativa, it
was tested. Essential oil along with other components of oil performs respectable

radical scavenging property [67].

2.5.2 Anti-cancer Activity

Research shows that methanolic Nigella sativa seeds extract has strong cytotoxic
effects on Elrich ascites carcinoma, sarcoma 180 and Daltons ascites lymphoma
with least cytotoxic effects on normal lymphocytes [68]. Other research shows that

alcoholic and aqueous extracts of N.sativa in pure form or along with hydrogen
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per oxide, as an oxidative stressor were found useful for stoping breast cancer cells

[69).

The cytotoxic action of Nigella sativa seeds was performed on human hepatoma
HepG2 cell lines and then incubated for 24 hours with distinct quantities of the
N.sativa extract [70]. Oral administration of thymoquinone was found useful to
increase the actions of quinine reductase and glutathione transferase and acts
as prophylactic source for the toxicity produced in chemical carcinogenesis and

hepatic cancer [71].

2.5.3 Anti-ulcer Activity

Ulcer caused due to Aspirin can be reduced by the extract of N. sativa seeds by
36% [49]. Recent clinical studies support the use Nigella sativa for the eradication

of Helicobactor pylori in non-ulcer dyspepsia patients [72].

2.5.4 Effects on Circulatory System

Nigella sativa is recommended alone or along with honey or garlic for treating
hypertension. El-Tahir et al. [73] investigated the activity of volatile oil of Nigella
sativa along its active compound; the thymoquinone on the heart of anesthetizes

rats and arterial blood pressure.

2.5.5 Effects on Reproductive System

2 months administration of N .sativa seeds enhanced the sperm motility, sperm
count in the testicular ducts and caudal epidydimus as well as increase in the
weight of reproductive organs. Spermatogenesis increased at primary and sec-

ondary spermatocytes hence curing the male infertility [74, 75].
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2.6 Breast Cancer

Breast cancer is a prevalent malignancy that affects both men and women globally.
This occurs when aberrant cells in the breast tissue proliferate out of control,
resulting in a tumor that has the ability to infiltrate neighboring tissue and maybe
spread to other body areas. The milk ducts, also known as lobules, are the organs
of the breast that produce and distribute milk. This kind of cancer frequently
starts in these structures. Although the precise causes of breast cancer are still
unknown, a number of risk factors have been found. Gender is significant because
women have higher levels of estrogen and progesterone than men, which puts them
at greater risk. Certain types of breast cancer cells may develop more quickly as

a result of these hormones.

Age is another important factor as the risk of developing breast cancer increases
with age. Family history and genetics also play a role; people whose close relatives
have breast cancer are at increased risk of developing the disease, and some genetic

mutations are associated with a significantly higher risk [76].

Early diagnosis is the key to improving the prognosis of breast cancer. A regular
breast self-exam and a clinical breast exam by a healthcare professional can help
detect any unusual changes in your breasts. Mammograms, or x-rays of breast
tissue, are useful tools for early diagonosis of breast cancer, even before physical

symptoms appear [77].

2.6.1 Types of Breast Cancer

Breast cancer is not a single disease but encompasses several different types, each

with distinct characteristics.

The two primary categories of breast cancer are invasive and noninvasive. Within
these categories, there are various subtypes of breast cancer. Some of the most

common types include:
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« Ductal Carcinoma in Situ (DCIS): This is a non-invasive type of cancer in
which abnormal cells are located within the lining of a breast duct. It is

regarded as the earliest stage of breast cancer.

« Invasive Ductal Carcinoma (IDC): This is the most common type of invasive
breast cancer. It begins in the milk ducts and then invades surrounding

tissues in the breast.

« Invasive Lobular Carcinoma (ILC): ILC starts in the milk-producing glands

(lobules) and can also spread to nearby tissues.

o Triple-Negative Breast Cancer: This is a subtype of breast cancer that lacks
estrogen receptors (ER), progesterone receptors (PR), and HER2/Neu re-

ceptors.

« HER2Positive Breast Cancer: Some breast cancers over express the HER2/Neu
protein, making them more aggressive. Targeted therapies like Herceptin are

used to treat this subtype.

e Luminal A and Luminal B: These are subtypes based on presence of hor-
mone receptors (ER and PR). Luminal A cancers are often low-grade, while

Luminal B cancers tend to be more aggressive.

o Inflammatory Breast Cancer: This uncommon and aggressive form of breast
cancer is marked by breast redness and swelling, and is often misdiagnosed

as an infection.

 Phyllodes Tumours: These are rare tumors that develop in the stroma (con-

nective tissue) of the breast.

Male Breast Cancer: Breast cancer is more common in women; men can also

develop breast cancer. It can be of various types similar to those in women.

o Metastatic Breast Cancer: This refers to breast cancer that has spread to
other parts of the body, typically the bones, liver, lungs, or brain. It can be
any subtype of breast cancer [76][78].
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2.7 Available Treatment

To diagnose breast cancer, a biopsy—in which a small tissue sample is taken from
the suspicious area and examined under a microscope—is essential, along with
imaging tests such as mammography and ultrasound. Once diagnosed, breast
cancer is classified into different stages based on the tumor’s size, how far it has
spread, and involvement of nearby lymph nodes or organs. This staging system

helps guide appropriate treatment decisions.

Treatment choices depend on several factors, including the type and stage of the
cancer, as well as the patient’s overall health. One common approach is surgery,

which may involve:

o Lumpectomy, the removal of the tumor along with a small margin of sur-

rounding tissue, or

o Mastectomy, the complete removal of the breast.

Following surgery, radiation therapy is often used to destroy any remaining cancer
cells through high-energy radiation. In addition, systemic treatments such as
chemotherapy and targeted therapy are employed to address cancer cells that

may have spread throughout the body [79].

Hormone therapy, particularly for hormone receptor-positive breast cancers, blocks
hormones that fuel cancer growth. In recent years, targeted therapies have shown
significant promise in treating certain types of breast cancer. HER2-positive
breast cancers, for instance, over express the HER2 protein, which promotes can-
cer growth. Targeted therapies like Herceptin specifically target HER2-positive

cells, improving treatment outcomes and reducing side effects [76].

Treatment for breast cancer is very individualized and is based on the patient’s
choices, general health, and the type and stage of her cancer. Variety of thera-
pies are typically used in combination for treatment, including hormone therapy,

radiation therapy, chemotherapy, targeted therapy, and surgery. Chemotherapy
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is a popular treatment for breast cancer that is frequently combined with radia-
tion, surgery, or other forms of treatment. To target and eradicate cancer cells,
potent medications are used. Depending on following conditions, overall health,
the stage and type of your breast cancer, and your personalized treatment plan,
your particular chemotherapy regimen may change. Chemotherapy medications
for breast cancer often consist of cyclophosphamide, Texans (like paclitaxel), and

anthracyclines (like doxorubicin).

Treatment cycles may vary in duration and frequency and may cause side effects
such as hair loss, nausea, fatigue and reduced blood cell counts [80][77]. Precision
medicine has gained importance in recent years, tailoring treatments based on the
individual genetic and molecular profiles of tumors. This approach is particularly
effective in certain types of cancer, such as HER2-positive breast cancer, where

targeted therapies specifically target the overactive HER2 protein.

Immunotherapy, another innovative treatment, uses the immune system to rec-
ognize and attack cancer cells. As our knowledge of the genetic and molecular
mechanisms of cancer increases, the development of personalized and targeted
therapies offers hope for more effective and less invasive treatment strategies for

various cancer types [76].

2.8 Medicinal Plants

Plant extracts, such as Taxol derived from the Pacific yew tree, have shown promise
in treating breast cancer by disrupting cancer cell division [77]. However, rigorous
clinical trials are needed to establish the safety and efficacy of botanical treat-

ments. Nigella sativa is a medicinal plant with potential bioactive compounds.

2.9 Proteins Found in Breast Cancer Cells

Breast cancer cells can contain a wide range of proteins, and the specific pro-

teins found in individual people can vary depending on the type of breast cancer.
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According to immune-histochemical studies and molecular tests, some proteins
commonly associated with breast cancer are human epidermal growth receptor 2
(HER?2), estrogen receptor (ER) and progesterone receptor (PR), BRACA1 and
BRACA2, Ki-67, p53 and cyclin D1 [81]. Table 2.3 indicates the mutated genes

in breast cancer and their reported inhibitors.

TABLE 2.3: Mutants and Their Inhibitors

MUTANT INHIBITOR
HER?2 Trastuzumab (Herceptin)

Pertuzumab (Perjeta, monoclonal antibodies)

ER Tamoxifen, Fulvestrant

PR No possible inhibitors BRCA1

BRCA2 PARP (Poly ADP-ribose Polymerase) inhibitors: Olaparib,
Rucaparib

Ki-67 No specific inhibitors known

P53 Nutlin-3

Cyeclin D1 CDK4/6 Inhibitors:

Palbociclib, Ribociclib, Abemaciclib




Chapter 3

Procedure and Methodology

3.1 Selection of Disease

Breast cancer is a complex and heterogeneous disease defined by a range of molec-
ular features, including the overexpression of human epidermal growth factor re-
ceptor 2 (HER2, encoded by FRBB2), activation of hormone receptors (estrogen
and progesterone), and/or mutations in the BRCA genes. These molecular sub-
types influence distinct therapeutic strategies. This study focuses on breast cancer
due to its growing incidence within South Asian populations [76]. Deep knowl-
edge of molecular intricacies of breast cancer is paramount for developing targeted

therapies tailored to individual patients’ needs.

3.2 Selection of Proteins

In the context of breast cancer, numerous proteins with reported mutations were
meticulously chosen for further investigation and analysis. Notable examples in-
clude BRACAL, ER, PR, and Ki67 [16][17]. The selection criteria were based on
existing literature reports documenting their involvement in breast cancer pathol-

ogy. These proteins play crucial roles in cell growth regulation, hormone signaling,

16
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and proliferation, making them key targets for therapeutic interventions. Compre-
hensively analyzing the molecular alterations in these proteins, we aim to uncover
potential biomarkers and therapeutic targets for breast cancer management. By
comprehensively analyzing the molecular alterations in these proteins, we aim to
uncover potential biomarkers and therapeutic targets for breast cancer manage-

ment.

3.3 Cleaning of the Downloaded Protein

Extra constituents attached to the protein have to be removed after downloading
protein structure. This was performed by using an open source system Pymol.
Linear chain consisting of 1-306 amino acids was kept and referred as A-chain. All

other constituents were removed so further process can be done effectively [81].

3.4 Determination of Functional Domains of Tar-

get Proteins

To determine the functional domains of the target proteins, InterPro database
was used. It can analyze the protein and provides protein information regarding

functional sites, families and domains of the protein of interest [83].

3.5 Selection of Active Metabolic Ligands

Those active ligands were selected which have shown some anticancerous prop-
erties in the past. These active ligands were a-pinene, anethol, myristic acid,
nigeglaine, nigellaquinomine, nigellicine, palmitic acid, pyrogallol, salfredin-B11

and salicylic acid [84].
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3.6 Ligand Preparation

3-dimensional structures of the selected ligands were downloaded using PubChem
database which is running under National Centre of Biotechnology Information
(NCBI). It contains the information of chemical molecules which is stored with
reference to their name, simple or 3-dimensional structures, their isomers, molec-
ular formulas, canonical smiles and activities of molecules against the biological
assays [84]. Structures of the ligands were searched from PubChem, downloaded
and MM2 energy minimization was done using Chem3D ultra. When energy was
minimized we selected the sdf format at the end to save the energy minimized

structure of the ligand.

3.7 Molecular Docking

CB-dock (Cavity detection guided blind docking) is used to perform the molecular
docking between ligands and the target protein. CB-dock automatically finds the
sites of docking. It is a method of protein and ligand docking which indicates about
the sites of bonding, the size and the center is calculated. Docking was performed
by adjusting the box size according to the ligand. As it is cavity binding focused
docking so ratio of accuracy is higher [85]. To perform docking we uploaded 3D

structure of ligand in sdf format and of target protein in pdb format [86].

3.8 Visualization of Result via PyMol

Pymol has emerged as an efficient visualization molecular tool over the past few
years. Its graphics and ability to visualize 3D structures is extraordinary [87]. The
result of docking can be captured and somehow Pymol provides a plugin which
have access to the result as well as make their visualization more clear so that
docking result can be studied easily [88]. For whole process docking results were
saved in pdb format and after visualization in the Pymol were also being saved in

the pdb file format.
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3.9 Analysis of Docked Complex via Ligplot

Once we got the docked complex with the minimum vina score, the next step
was the analysis of the docked complex. This analysis was done by the software
LigPlot. For the given pdb file format the schematic diagrams of the protein
and ligand interactions were generated automatically. These interactions were
modified by hydrogen bonds and through hydrophobic contacts. LigPlot provided
the analysis of the hydrophobic and hydrogen bonding interactions. LigPlot plus
generated the 2D representation of the protein-ligand complex [89].

3.10 Ligand ADMET Properties

As analysis had been done the next step was the study of pharmacokinetic and tox-
icity properties. The weak ligands of the drug were eliminated during preclinical
ADMET. The remaining ligands were selected as potential drugs against the dis-
ease. Optimization of the ADMET which is absorption, distribution, metabolism,
excretion and toxicity related to human body were done using the PkCSM online

server [90].

3.11 Lead Compound Identification

Out of these potential ligands, lead compound was identified on the basis of Lip-

inski’s rule of 5’s and pharmacokinetic properties.

1. The molecular weight should also be lesser than 500.
2. Hydrogen bond acceptors maximum number should be 10.
3. Hydrogen bond donors’ maximum number should be 5.

4. The log value of the drug-like compound must be limited to 5 [91].
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3.12 Comparison with the Standard Drug

Sorafenib drug which has shown anti-tumor properties against Breast cancer caused
due to ER, PR mutations, has been selected as a standard drug for comparison
against the lead compound. Olaparib drug could be selected in case of breast

cancer developed due to mutations in BRACA1 genes [65].

Sorafenib is a selective estrogen receptor (recurrence) modulator used in early
recurrence of breast cancer in women or men after surgery to reduce the risk
of hormone receptor positivity. Selective Estrogen Receptor Modulator (SERM)
for the treatment of advanced stage hormone receptor positive breast cancer in
women or men. To reduce the risk of invasive breast cancer in women diagnosed
with hormone receptor-positive DCIS (ductal carcinoma in situ) and to reduce the
risk of breast cancer in women with above-average risk of undiagnosed disease after
surgery [34]. Physicochemical properties and molecular binding results determine

drug candidate decisions.

Sorafenib undergoes oxidative metabolism by CYP3A4 in the liver, as well as
glucuronidation by UGT1A9 in the liver and kidneys. At steady-state, Sorafenib
accounts for 70-85% of the circulating analytes in plasma. About eight metabo-
lites of Sorafenib have been identified, of which five were detected in plasma.
The main circulating metabolite was the pyridine N-oxide form, which comprises

approximately 9-16% of the total circulating dose at steady-state. [66].
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Results and Discussion

4.1 Structure Modeling

4.1.1 Acquisition of Primary Sequence

The primary sequences of the target proteins, Topoisomerase I and Topoisomerase
ITer, were retrieved in FASTA format from the UniProt database (www.uniprot.org)
using accession numbers P11387 and P11388, respectively. The sequences contain

764 and 1531 amino acid residues

>sp P11387 TOP1 HUMAN DNA Topoisomerase 1 OS=Homo sapiens OX=9606
GN=TOP1 PE=1 SV=2

MSGDHLHNDSQIEADFRLNDSHRKHKDKHRDREHRHREHKRERDRERSKHSNSEHRKDSERK
HERERERTKHKDGS SERHKDRKHKDRDREKRREEKVRASGDAKIRKKERKENGFSSPPQIKDEP
EDDGYFVPPREDIRKPLERPRDEDDADYKPRRIKTEDTRREKKRKLEEEEDGKLEKEKPKNKD
KDRRVPEPDNEKRRKRKPRREEEQKWEKWWEEERY PEGIKWKFLEHRGPVFAPPYEPLPENVKF
YYDGRVMKLSPRAEEVATFFARMLDHEYTTREIFRENFFRKDWREKEMTNEERNITITNLSKC
DFTOMSQYFRAQTEARROMSKEERLRIREENERLLEKEYGFCIMDNHRERIANFKIEPPGL
FRGRGNHPEMGMLKRRIMPEDIIINCSKDAKVPSPPPGHEKWKEVRHDNKVIWLVSWTENI
QGSIKYIMINPSSRIKGERDWOKYETARRLKRKCVDKIRNQYREDWKSKEMKVRQRAVALY
FIDKLALRAGNEKEEGETADTVGCCSLRVEHINLHPELDGQEYVVEFDFLGKDSIRYYNK
VPVERRVFENLQLFMENKQPEDDLFDRLNTGILNKHLODIMEGLTARVFRTYNASITLQQ
QLRKELTAPDENIPAKILSYNRANRAVAILCNHQRAPPRKTFEKSMMNLOTKIDAKKEQLAD
ARRDLKSAKADAKVMRDAKTRKRVVESKRRAVORLEEQLMELEVQATDREENRKQIALGTSK
LNYLDPRITVAWCKRKWGVPIERIYNKTOREKFAWAIDMADEDYEF

FIGURE 4.1: Protein sequence Topoisomerase I

21
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>sp|P11388| TOP2A HUMAN DNA topoisomerase 2-alpha OS=Homo sapiens
0X=9606 GN=TOP2A PE=1 SV=3

MEVSPLOPVNENMOVNRIRKEKNEDARKKRLSVERIYQORKTQLEHILLRPDTYIGSVELVTQQ
MWVYDEDVGINYREVTEVPGLYRKIFDEILVNAADNRKOQRDPEMSCIRVIIDPENNLISIWN
NGKGIPVVEHKVEKMYVPALIFGOLLTSSNYDDDERKVTGGRNGYGAKLCNIFSTKFTVE
TASREYKKMFRKOTWMDNMGRAGEMELKPFNGEDYTCITFQPDLSEKFEKMQOQSLDKDIVAIMV
RRAYDIAGSTEKDVRKVEFLNGNEKLPVEGFRSYVDMYLEDELDETGNSLEVIHEQVNHRWEVC
LTMSERGFQQISFVNSIATSKGGRHVDYVADQIVTELVDVVERENKGCGVAVEAHQVENHM
WIFVNALIENPTFDSQTEENMTLOPKSEFGSTCQLSERFIRAATGCGIVESILNWVKFEFERAQ
VOLNEKRCSAVEHNRIKGIPKLDDANDAGGRNSTECTLILTEGDSAKTLAVSGLGVVGRDK
YGVFPLRGRKILNVREASHRQIMENAEINNIIRKIVGLOYRENYEDEDSLEKTLRYGEKIMIMT
DODODGSHIKGLLINFIHHNWPSLLRHRFLEEFITPIVEKVSENKQEMAFYSLPEFEEWKS
STPNHRKEKWEKVEKYYKGCLGTSTSKEAKEYFADMKRHRIQFKYSGPEDDAATSLAFSKKQIDD
REEWLTNFMEDRRORELLGLPEDYLYGOQTTTYLTYNDFINKELILFSNSDNERSIPSMVD
GLEPGORKVLFTCFRRNDRREVEKVAQLAGSVAEMSSYHHGEMSLMMTIINLAQONEVGSNN
LNLLOQPIGQOFGTRLHGGRDSASPRYIFTMLSSLARLLFPPRDDHTLRFLYDDNQRVEPEW
YIPIIPMVLINGAEGIGTGWSCKIPNFDVREIVNNIRRLMDGEEPLPMLPSYRKNFKGTIE
ELAPNQYVISGEVAILNSTTIEISELPVRTWTQTYREQVLEPMLNGTERKTPPLITDYREY
HTDTTVRFVVEKMITEERLAEAERVGLHRVFRLOTSLTCNSMVLEFDHVGCLRRYDTVLDILR
DFFELRLEKYYGLREEWLLGMLGAESAKLNNQARFILEKIDGKIIIENKPKRKELIKVLIQR
GYDSDPVREKAWRKEAQORVPDEEENEESDNERETERKSDSVTDSGPTEFNYLLDMPLWYLTREK
KDELCRLRNEREQELDTLRRKSPSDLWKEDLATFIEELEAVEARKEKQDEQVGLPGKGGEA
RKGERKTOMAEVLPSPRGORVIPRITIEMRAEAERRNRKERIRNENTEGSPQEDGVELEGLEQ
RLERKKQEREPGTRTREKOQTTILAFKPIKKCKEKRNPWSDSESDRSSDESNFDVPPRETEPRRA
ATKTRKFTMDLDSDEDFSDFDERTDDEDEVPSDASPPRTEKTSPELSNEKELKPQRSVVSDLE
ADDVRKGSVPLSSSPPATHFPDETEITNPVPREENVIVERTAARKSQSSTSTTGARRRAAPKG
TERDPALNSGVSQRPDPARKTEKNRRERKPSTSDDSDSNFERIVSKAVTSKKSKGESDDFHM
DFDSAVAPRARSVRARKPIKYLEESDEDDLF

FIGURE 4.2: Protein sequence Topoisomerase Ila

Topoisomerase I and Topoisomerase II o were selected as the target proteins and
a-pinene, anethol, myristic acid, nigeglaine, nigellaquinomine, nigellicine, palmitic
acid, pyrogallol, salfredin B11 and salicylic acid were selected as ligands for the

current study.

4.2 Physiochemical Characterization of Topioi-

somerase I and Topioisomerase II «

ProtParam is an online tool which let on the calculation of different physical &
chemical properties of any given protein stored in any protein database (Swiss-
Prot, TrEMBL) or for protein sequence entered by the user. ProtParam calculates
several physicochemical parameters, including theoretical pH, molecular weight,
composition of amino acid (both positively and negatively charged residues), es-
timated half-life, extinction coefficient, aliphatic index, instability index, , and
the grand average of hydropathicity (GRAVY). A theoretical pH value above 7

indicates that the protein is basic in nature, while a value below 7 suggests it is
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acidic. Light absorption is represented by extinction coefficient. Instability index

if less than 40 indicates the stability of the protein while greater than 40 indicates

the instability of protein. The aliphatic index reflects the aliphatic side chain con-

tent of a protein, with higher values indicating greater thermostability. Molecular

weight accounts for the presence of both positively and negatively charged residues

in the protein. A lower GRAVY (Grand Average of Hydropathicity) value sug-

gests stronger interaction with water molecules. The physicochemical properties

of Topoisomerase I and Topoisomerase Il are presented in Table 4.1 and 4.2.

TABLE 4.1: Physiochemical Properties of Topoisomerase I

Sr.No. Parameters Computed values

1 Molecular weight 90594.53

2 Theoretical pl 9.33

3 Positively charged Residues 176

4 Negatively charged Residues 142

5 Extinction coefficient 1 103290

6 Extinction coefficient 2 102790

7 Estimated half-life 1.9 hrs (Mammals, in vitro)
>20 hours (Yeast, in vivo)
>10 hours (E. coli, in vivo)

8 Instability index 45.21

9 Aliphatic index 58.99

10 Grand average of hydropathicity -1.295

(GRAVY)

Topoisomerase I has theoretical pH greater than 7 which represents that it is

basic in nature, Instability index is >40 represents protein instability. It has low

GRAVY values showing better interactions with water molecules.

TABLE 4.2: Physiochemical Properties of Topoisomerase II «

Sr. Parameters Computed values
1 Molecular weight 174385.1

2 Theoretical pl 8.82

3 Positively charged Residues 246

4 Negatively charged Residues 226

continued on next page



Results and Discussion 24

Table 4.2 continued from previous page

Sr. Parameters Computed values
5 Extinction coefficient 1 163820
6 Extinction coefficient 2 163070
7 Estimated half-life 30hrs (Mammals, in vitro) 20 hrs (Yeast, in vivo)
10hrs (E. coli, in vivo)
8 Instability index 40.29
9 Aliphatic index 75.62
10  Grand average of hydropathicity -0.695
(GRAVY)

As theoretical pl is greater than 7 which represents that Topoisomerase II « is
basic in nature, Instability index is greater than 40 which shows that protein
is unstable. It has low GRAVY values showing better interactions with water

molecules.

4.3 Functional Domains Identification of Proteins

Active part of a protein is termed as the functional domain which is involved in
the interaction of proteins with other compounds. Proteins can have more than

one functional domain that shows different functions.

Functional domains are identified using Interpro; an online server which uses

FASTA format of protein as input [89].

Functional domains of Topoisomerase I and Topoisomerase II « are shown in
Figure 4.1 and 4.2 respectively. Topoisomerase I contains four functional domains
i.e. First domain Topol DNA bd euk starting from residue number 215 and ends at
residue number 429, second domain starting from residue number 432 and ends at
663 with name Topol cat euk, third domain named Topol euk starts from residue

number 360 and ends at 737.

Fourth and last domain of Topoisomerase I is Topol C dom starting from residue

number 695 and ends at 765. These domains are enlisted in Table 4.3.
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TABLE 4.3: Functional Domains of Topoisomerase I

Sr. No. Name of protein Functional Domains Residues Length

1 Topoisomerase T Topol DNA bd euk 215 To 429
2 Topol cat euk 432 To 663
3 Topol euk 360 To 737
4 Topol C dom 695 To 765

Topoisomerase II « has seven functional domains. First domain HATPase C start-
ing from residue number 79 and ends at 224, second domain Topo ITA bsu dom
starts from residue number 266 and ends at 426, third domain starting from residue
number 455 and ends at 572 named TOPRIM domain, fourth domain of this pro-
tein starts from residue number 455 and ends at 575 with name title TOPRIM
Topoll.

Fifth domain starting from residue number 573 and ends at 711 named TOPRIM
C, sixth domain Topo ITA dom A starts from residue number 693 and ends at
1174 and seventh domain DTHCT starts from residue number 1435 and ends at

1522. Functional domains of Topoisomerase Il « are represented in Table 4.4.

TABLE 4.4: Functional Domains of Topoisomerase II «

Sr.No. Name of protein Domain Residues Length
1 Topoisomerase I « HATPase C 79 To 224

2 Topo IIA bsu dom 432 To 663

3 TOPRIM Domain 455 To 572

4 TOPRIM Topoll 455 To 572

5 TOPRIM C 573 To 711

6 Topo ITA dom A 693 To 1174

7 DTHCT 1435 To 1522

Figure 4.1 and 4.2 are showing functional domains of Topoisomerase I and Topoi-

somerase Il «
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FIGURE 4.3: 3D structure of Topoisomerase I showing functional domains.

Topoisomerase I contains four functional domains i.e. First domain Topol DNA
bd euk starting from residue number 215 and ends at residue number 429, second
domain starting from residue number 432 and ends at 663 with name Topol cat
euk, third domain named Topol euk starts from residue number 360 and ends at
737. Fourth and last domain of Topoisomerasel is Topol C dom starting from

residue number 695 and ends at 765.

FIGURE 4.4: 3D structure of Topoisomerase II a showing functional domains.
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Topoisomerase I « has seven functional domains. First domain HATPase C start-
ing from residue number 79 and ends at 224, second domain Topo ITA bsu dom
starts from residue number 266 and ends at 426, third domain starting from residue

number 455 and ends at 572 named TOPRIM domain.

Fourth domain of this protein starts from residue number 455 and ends at 575
with name title TOPRIM Topoll, fifth domain starting from residue number 573
and ends at 711 named TOPRIM C, sixth domain Topo IIA dom A starts from
residue number 693 and ends at 1174 and seventh domain DTHCT starts from
residue number 1435 and ends at 1522.

4.4 'Template Selection

After generating a list of potential templates through the search method, it was
essential to select one or more that were most suitable for molecular docking.
Several factors must be considered during template selection. The most basic
criterion is to choose a structure that closely aligns with the target sequence [90].
The structures of the selected templates were obtained from the Protein Data

Bank (PDB) and are presented in 4.5.

TABLE 4.5: PDB Template Structures

Sr. Templates Resolution PDB ID Structure

Crystal Structure of Human Topoiso- e o)
1 2.60 A 1EJ9 _
merase I DNA Complex ?

Human Topoisomerase II « in complex
2 3.15 A 5GWK
with DNA and etoposide

These structures are representing the templates choosen for target proteins. Tem-

plates have ligands and water molecules attached to them and we had removed
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to refine the structure so that, this refined structure of protein can be used for

molecular docking.

4.5 Refined Protein Structures for Docking

3D structures of proteins were refined by the use of PyMol software. Refining
was done by removing water molecules as well as other ligands attached to the
proteins. Finally, refined structure of protein was obtained, which was used for
Molecular Docking. Refined structures of Topoisomerase I and Topoisomerase 11

« are shown in Fig. 4.3 and Fig. 4.4 respectively.

FIGURE 4.5: Refined structure of Topoisomerase I without any water molecule
and extra ligands.

FIGURE 4.6: Refined structure of Topoisomerase II a without any water
molecule and extra ligands.
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4.6 Ligand Selection

If we need to select a single protein-ligand complex for structure based drug de-
signing, we need to look at the ligand present in the active site. There must be
a good affinity between ligand and the receptor. Ligand should be able to adjust
the function of proteins (interact with potential residues) and should be able to be
used as a drug molecule or lead compound. On the basis of these characteristics
we have selected best ligands. Bioactive compounds of Nigella sativa were selected

as ligands for the present research and they are enlisted in Table 4.6.

TABLE 4.6: Detailed information about Selected Ligands

Molecular Mbolecular Weight

Sr. Name Structure
Formula g/mol
1 « Pinene CioHis 136.23
\ J
2 Anethol CloH120 148.20
3 My]ﬁ‘iStiC acid C14H2802 228.37
0
“x-
4 Nigeglaine 012H14N0 202.25 N
5  Nigellaquinomine C19Ho5Ng 283.4 N
o %o
6  Nigellicine C13H14N505 246.26 N
O
7  Palmitic acid C16H3204 256.42 A
OH
OH
8  Pyrogallol CsHgO3 126.11
OH

continued on next page
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Table 4.6 continued from previous page

Sr. Name Formula Weight g/mol Structure

9 Salfredin B11 C13H150, 932.23 J \“‘“"’ ]\

A
10 Salicylic acid Cr; HgO4 138.12 0
OH

The selected ligands were a-pinene, anethol, myristic acid, nigeglaine, nigellaquino

mine, nigellicine, palmitic acid, pyrogallol, salfredin B11, and salicylic acid. Pub-
Chem is a public repository for experimental data that identifies the biological
activity of small molecules. The structure of ligands and other information re-

lated to ligands were obtained from PubChem database.

4.7 Virtual Screening and Toxicity Prediction

PkCSM is an online tool used for toxicity prediction of ligands. It was used to find
out the (ADMET) properties of the ligands; absorption, distribution, metabolism,
excretion and toxicity. In this study, the Lipinskis rule has employed for screening
of ligands. Application of Lipinskis rule on ligands is mentioned in Table 4.7. All
ligands followed Lipinskis rule of 5’s.

TABLE 4.7: Application of Lipinskis Rule on Ligands

Sr. Ligands LogP Molecular H-Bond H-Bond
Value Weight Acceptor Donor
1 o Pinene 2.9987 136.23 0 0
2 Anethol 2.7283 148.2 1 0
3 Myristic acid 4.7721 228.37 1 1
4 Nigeglaine 1.85682 202.25 3 0
) Nigellaquinomine 4.4277 283.4 2 0
6 Nigellicine 1.55502 246.26 4 1

continued on next page
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Table 4.7 continued from previous page

Sr. Ligands LogP Weight Acceptor Donor
7 Palmitic acid 5.5523 256.42 1 1
8 Pyrogallol 0.8034 126.11 3 3
9 Salfredin B11 2.2468 232.23 4 1
10 Salicylic acid 1.0904 138.12 2 2

According to Lipinski‘s rule, the number of Hydrogen bond donor must be less
than 5, the maximum number of Hydrogen bond acceptors must be 10, the logP

value must be limited to 5 and the molecular weight must be less than 500 g/mol.

4.7.1 Toxicity Prediction

PkCSM is an online tool which provides an integrated platform for rapid evaluation
of pharmacokinetics and toxicity properties of drugs. So this tool was used for
the toxicity measurements of ligands against Topoisomerase I and Topoisomerase
IT o which were the target proteins in the present study. Mutagenic potential
of a compound is being checked through AMES toxicity test using bacteria. If
it shows positive result, then ligand is mutagenic and can act as a carcinogenic
compound and vice verse [91]. The hERG I and II inhibitor models are used to
assess a compound’s potential to block potassium channels associated with the
human ether-a-go-go-related gene (hERG). Inhibition of these channels can lead
to prolonged QT syndrome and, in severe cases, sudden cardiac death. Several
pharmaceutical products have been withdrawn from the market due to their hERG

channel-inhibiting properties [93].

In silico toxicology involves assessing chemical toxicity using computational meth-
ods to predict or analyze potential harmful effects. Toxicity tests estimate the
impact of a substance on humans, animals, or plants after single or repeated
exposure. Several factors influence chemical toxicity, including dose, duration,
frequency of exposure, and ADME (absorption, distribution, metabolism, and ex-

cretion) characteristics [94]. The toxicity profiles of the ligands are summarized

in Table 4.8.



TABLE 4.8: Toxicity models for selected compounds

g o =
? g 3 g = 8
Q _ S =) ® £ 3 aa] = 0 )
S =) = i < S = . < = is!
& < 7 & = = = & o > &
- S = 3) 3 [3) g &0 & O
A | > o0 o0 o0 = Q2 = = o
Sr. Model Name & < = z z z oW ¥ * * z
1 AMES toxicity NO NO NO NO NO NO NO NO NO NO NO
2 Max tolerated dose 0.48 0.824 -0.559 0.19 -0.138 0.283 -0.708 -0.269 -0.051
(Human)
3 hERG I inhibitor NO NO NO NO NO NO NO NO NO NO NO
4 hERG II inhibitor NO NO NO NO NO NO NO NO NO NO NO
5 Oral Rat Acute 1.77 1.798 1.477 2.094 1.853 2.265 1.44 2.049 1.701
Toxicity (LDsg)
6 Oral Rat Chronic 2.262 2.217 3.034 1.037 0.872 1.17 3.181 2.374 2.419 2.483
Toxicity (LOAEL)
7 Hepatotoxicity NO NO YES NO NO YES NO NO NO NO NO
8 Skin sensitisation NO YES YES NO NO NO YES NO NO NO NO
9 T. Pyriformis toxic- 0.45 0.807 0.978 1.016 1.456 0.237 0.84 1.027 0.494
ity
10 Minnow toxicity 1.159 0.869 -0.601 1.432 0.488 1.776 -1.083 2.734 1.492 1.812

UOISSTISY([ PUD SINSIY
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All ligands are non carcinogenic. a-pinene, Anethol and Salicylic acid show high
maximum tolerated dose. All ligands are supporter of potassium channels. Except
Nigellicine, all ligands are non hepatotoxic. Anethol, Myristic acid and Palmitic
acid are skin sensitive and other shows no skin sensitivity. Minnow toxicity values

of myristic acid, nigellaquinomine and palmitic acid predicted them toxic.

4.8 Molecular Docking

Molecular Docking is technique used to estimate the bond strength between a
ligand and a target protein through a special scoring function and used to deter-
mine the correct structure of the ligand within the target binding site. It also
helps in the recognition of new small molecular compounds, revealing the essential
properties, such as high interaction between binding with target protein having
reasonable absorption, distribution, metabolism and excretion which help in the

selection of lead compound for the target [94].

The 3D structure of the target proteins in Pdb format and the ligands in Sdf format
was used as input for molecular docking. It represents a frequently used approach
in structure-based drug designing. The docking was performed among Topoiso-
merase [, Topoisomerase Ila and ligands which are a-pinene, anethol, myristic
acid, nigeglaine, nigellaquinomine, nigellicine, palmitic acid, pyrogallol, salfredin
B11 and salicylic acid. Ligands with best binding score values with Topoisomerase

I and Topoisomerase Ila are represented in Table 4.9 and 4.10 respectively.

To automatically predict binding modes without information about binding sites,
used a user friendly blind docking web server called CB Dock, which predicted and
estimated a binding site for a given protein and calculated centers and sizes with
a novel rotation cavity detection method and performed docking with the popular
docking program named Auto dock Vina [95]. CB Dock gave 5 best interacting
confirmations for each ligand molecule. These confirmations were arranged based
on binding affinity and then finest confirmation selection was made on the basis

of highest affinity score of protein-ligand interaction.



TABLE 4.9: Ligands exhibiting the strongest binding affinity to Topoisomerase I

Sr. Parameters a-Pinene Anethol Myristic Nigeg- Nigellag- Nigellicine Palmitic Pyrog- Salfredin Salicylic
No. acid laine uinomine acid Allol B11 acid
1 Binding score -5.8 -5.9 -5.8 -6.1 -7.1 -7 -5.6 -6 -7.1 -6.6
2 Cavity size 963 1940 1940 256 1940 1940 1940 1940 1940 1940
3 HBD 0 0 1 0 0 1 1 3 1 2
4 HBA 0 1 1 3 2 4 1 3 4 2
5 logP 2.9987 2.7283 4.7721 1.85682  4.4277 1.55502 5.5523 0.8034 2.2468 1.0904
6 Molecular weight 136.23 148.2 228.37 202.25 2834 246.26 256.42 126.11 232.23 138.12
(g/mol)
7 Rotatable bonds 0 2 12 0 0 1 14 0 0 1
8 Grid map 24 33 33 39 33 33 33 33 33 33
9 Min.Energy
Kecal/mol 0.1965 0.0005 0.39 5.1561  -0.409 11.581 0.3901 -2.2322  2.9755 2.9688
10 Max.Energy
Kcal/mol 38.7381 5.6305 5.9051 33.2906  25.5747 50.7663 7.1828 -15.3188 19.2704 5.6109

UOISSNISYT PUD SYNSIY
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TABLE 4.10: Ligands exhibiting the strongest binding affinity to Topoisomerase II «

Sr. Parameters a-Pinene Anethol Myristic Nigeg- Nigellag- Nigellicine Palmitic Pyrog- Salfredin Salicylic
No. acid laine uinomine acid Allol B11 acid
1 Binding score -6.1 -6.1 -5.4 -6.8 -8.2 -7.2 -5 -5.6 -7.4 -6.5
2 Cavity size 1448 1448 1448 1448 45026 1448 45026 1448 1448 1448
3 HBD 0 0 1 0 0 1 1 3 1 2
4 HBA 0 1 1 3 2 4 1 3 4 2
5 logP 2.9987 2.7283 4.7721 1.85682  4.4277 1.55502 5.5523 0.8034 2.2468 1.0904
6 Molecular weight 136.23 148.2 228.37 202.25 2834 246.26 256.42 126.11 232.23 138.12
(g/mol)
7 Rotatable bonds 0 2 12 0 0 1 14 0 0 1
8 Grid map 25 25 24 25 35 25 35 25 25 25
9 Min. Energy
Kcal/mol 0.1965 0.0005 0.39 5.1561  -0.409 11.581 0.3901 -2.2322 29755 2.9688
10 Max. Energy
Kcal/mol 38.7381 5.6305 5.9051 33.2906  25.5747 50.7663 7.1828 -15.3188  19.2704 5.6109

UOISSTISY([ PUD SINSIY
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The Docked structures after docking process were selected for further analysis; on
the basis of docking score, binding energy, cavity size and Grid map, we selected

best docked structure.

Molecular docking was performed using Topoisomerase I, Topoisomerase II « as
receptors and 15 selected compounds as ligands. Out of which only 10 ligands
showed interactions with target proteins i.e. Topoisomerase I and Topoisomerase
IT o and these compounds were taken for further proceedings. Data of all these
ligands was arranged after performing molecular docking. Docking result gave five
confirmations based and arranged on the basis of binding score and we had selected
the confirmation with minimum binding score. All these ligands are showing

minimum binding score in their corresponding confirmations.

4.9 Ligands Interaction with Target Proteins

For interpretation of docked results, interaction of the active pockets of the ligands
and proteins were calculated. Two types of interactions were studied to analyze the
docking results; hydrogen bonding and hydrophobic interaction using Ligplot+-.
Hydrogen bonding & hydrophobic interactions of active ligands are shown in Table

4.11 and 4.12.

TABLE 4.11: Hydrogen and Hydrophobic Interactions of Topoisomerase 1

Sr. Ligand Name Binding No. H-Bonds Hydrophobic
Energy of (Amino:Bond Amino Acids
HBs  length)
1 a-Pinene -5.8 0 — Trp203, Glu209,

Glu208, Glu43s,
Tyr211,  Argd3d4,
Asp344

2 Anethol -5.9 0 — Glyb03,  Cysb04,
Leud87, Gly531,
Tle535, Cys630,
Asn631,  Argh90,
Arg488, Pheb29

continued on next page
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Table 4.11 continued from previous page

Sr. Ligand Name Binding No. H-Bonds Hydrophobic
Energy of (Amino:Bond Amino Acids
HBs length)
3 Myristic acid -5.8 1 Argh90:2.81 Ala486, Leu629,
Cys630,  Tyrb37,
Arg488,  Lysb32,
GIn633,  Aspb33,
His632, 11e535,
Glyb31, Asn631
4 Nigeglaine -6.1 1 Phe240:2.95 Pro235, Glu254,
Leu234, Val238,
Lys239, Met247,
Glu236,  Lys248,
Val246
5 Nigellaquinomine -7.1 0 — Val502, Ser506,
Argh08,  Asp500,
Gly496,  Thr498,
Alad99, Glud94,
Lys493
6 Nigellicine -7.0 6 Arg364:2.88, Thr498, Gly363,
Lys493:2.94, Lys532, Thr501
Asp533:3.10,
His367:2.95,
Ala499:3.33,
Ser534:2.99, :3.11
7 Palmitic acid -5.6 0 — Argh90,  Cys630,
Gly531,  Tyrb37,
Lysb32, Lys493,
Asnd91,  Gly490,
Gly503, Arg488,
Phe529,  Asn631,
Val502
8 Pyrogallol -6.0 2 Argh90:2.94, Cys630,  Asn631,
Arg488:3.04 Tyrb37,  Pheb29,
Gly531, Alad86,
Leu487

continued on next page
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Table 4.11 continued from previous page

Sr. Ligand Name Binding No. H-Bonds Hydrophobic
Energy of (Amino:Bond Amino Acids
HBs  length)
9 Salfredin B11 -7.1 4 His367:3.20, Phe361,  GIln421,
Thr501:3.20, Asp533, Lys493,
Ser534:2.73, Ala499, Thr498
Arg364:2.85, :3.08
10 Salicylic acid -6.6 3 11e535:2.70, Gly531,  Asn631,
Argd88:2.91, :3.05, Ala486, Arg590,
Cys630:2.71 Leud87,  Pheb29,
Tyrd37

a-Pinene made 6 hydrophobic interactions with Topoisomerase I and no hydrogen
bonding as illustrated in figure 4.5. Anethol made 10 hydrophobic interactions

with Topoisomerase I and no hydrogen bonding as illustrated in figure 4.6.

Myristic acid made 12 hydrophobic interactions with Topoisomerase I and 1 hy-
drogen bond with Argh90 residue as illustrated in figure 4.7. Nigeglaine made 09
hydrophobic interactions with Topoisomerase I and 1 hydrogen bond with Phe240
residue as illustrated in figure 4.8. Nigellaquinomine made 09 hydrophobic inter-

actions with Topoisomerase I and no hydrogen bonding as shown in figure 4.9.

Nigellicine made 04 hydrophobic interactions with Topoisomerase I and 06 hydro-
gen bonds with Arg364, His367, Lys493, Ala499, Asp533 and Ser534 residues as
shown in figure 4.10. Palmitic acid made 13 hydrophobic interactions with Topoi-
somerase I and no hydrogen bonding as shown in figure 4.11. Pyrogallol made
07 hydrophobic interactions with Topoisomerase I and 02 hydrogen bonds with
Argh90 and Arg488 residues as illustrated in figure 4.12.

Salfredin B11 made 06 hydrophobic interactions with Topoisomerase I and 04
hydrogen bonds with His367, Arg364, Ser534 and Thr501 residues as illustrated
in figure 4.13. Salicylic acid made 07 hydrophobic interactions with Topoisomerase
I and 03 hydrogen bonds with Arg488, Cys630 and I1e535 residues as illustrated
in figure 4.14.
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FIGURE 4.7: Interaction of a-Pinene with Topoisomerase I

a-Pinene made 07 hydrophobic interactions with Trp203, Glu209, Glu208, Glu43s,
Tyr211, Argd34 and Asp344 residues and no Hydrogen bond.
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FIGURE 4.8: Interaction of Anethol with Topoisomerase I

Arg590

7

Anethol made 10 hydrophobic interactions with Gly503, Cysb04, Leud87, Gly531,
[leb35, Cys630, Asn631, Argh90, Argd88 and Pheb29 residues and no Hydrogen
bond.
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AspS35

FIGURE 4.9: Interaction of Myristic acid with Topoisomerase I

Myristic acid made 12 hydrophobic interactions with Ala486, Leu629, Cys630,
Tyrb37, Argd88, Lysb32, GIn633, Asp533, His632,1le535, Glyb31 and Asn631
residues and 1 Hydrogen bond with Arg590 residue having bond length of 2.81.
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FI1GURE 4.10: Interaction of Nigeglaine with Topoisomerase |

Nigeglaine made 09 hydrophobic interactions with Pro235, Glu254, Leu234, Val238,
Lys239, Met247, Glu236,Lys248 and Val246 residues and 01 Hydrogen bond with
Phe240 residue having bond length of 2.95.
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FIGURE 4.11: Interaction of Nigellaquinomine with Topoisomerase I

Nigellaquinomine made 09 hydrophobic interactions with Val502, Ser506, Arg508,
Asp500, Gly496, Thr498, Ala499, Glu494 and Lys493 residues and no Hydrogen
bond.
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FIGURE 4.12: Interaction of Nigellicine with Topoisomerase |

Nigellicine made 04 hydrophobic interactions with Thr498, Gly363, Lysb32 and
Thr501 residues and 06 Hydrogen bonds with residues Arg364 having bond length
of 2.88, His367 having bond length of 2.95, Lys493 having bond length of 2.94,
Ala499 having bond length of 3.33, Asp533 having bond length of 3.10 and Ser534
having bond lengths of 2.99 and 3.11.

Asn 491

FIGURE 4.13: Interaction of Palmitic acid with Topoisomerase I

Palmitic acid made 13 hydrophobic interactions with Arg590, Cys630, Gly531,
Tyr537, Lysb32, Lys493, Asnd91, Gly490, Gly503, Arg488, Phe529, Asn631 and
Val502 residues and no Hydrogen bond.
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FIGURE 4.14: Interaction of Pyrogallol with Topoisomerase 1

Pyrogallol made 07 hydrophobic interactions with Cys630, Asn631, Tyr537, Phe529,
Glyb31, Ala486 and Leud87 residues and 02 Hydrogen bonds with Arg590 having
bond length of 2.94 and Arg488 having bond length of 3.04.
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FIGURE 4.15: Interaction of Salfredin B11 with Topoisomerase I

Salfredin B11 made 06 hydrophobic interactions with Phe361, GIn421, Asp533,
Lys493, Ala499 and Thr498 residues and 04 Hydrogen bonds with residues His367
having bond length of 3.20, Thr501 having bond length of 3.20, Ser534 having
bond length of 2.73 and with Arg364 having bond lengths of 2.85 and 3.08.
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FIGURE 4.16: Interaction of Salicylic acid with Topoisomerase I

Salicylic acid made 07 hydrophobic interactions with Gly531, Asn631, Ala486,
Argh90, Leud87,Phe529 and Tyr537 residues and 03 Hydrogen bonds with Ile535
having bond length of 2.70, Arg488 having bond lengths of 2.91 and 3.05 and with
residue Cys630 having bond length of 2.71.

TABLE 4.12: Hydrogen and Hydrophobic Interactions of Topoisomerase II «

Sr. Ligand Name Binding No. H-Bonds Hydrophobic
Energy of (Amino:Bond Interactions
HBs  Length) (Amino Acids)
1 a-Pinene -6.1 0 NIL:NIL Phel003, Glu712,

Pro724, Pro716,
Ser717, 1le715

2 Anethol -6.1 0 NIL:NIL Arg673, Glyl007,
Pro724, Ne715,
Arg727,  LeuT22,
Ser717, Pro716,
Phel003, Glu712

continued on next page
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Table 4.12 continued from previous page

Sr. Ligand Name Binding No. H-Bonds Hydrophobic
Energy of (Amino:Bond Interactions
HBs  Length) (Amino Acids)
3 Myristic acid -5.4 2 Arg727:3.07, :3.15; Vall006, Glu839,
Leu722:2.77 Gly1007, Leu829,
Pro724, Glu712,
Ser717, Lys723,
Pro716, Phel003,
Ile715,  Aspl004,
Trp840
4 Nigeglaine -6.8 1 Trp840:3.20 His1005, Glu&39,
Val1006, Gly1007,
Glu712, Phel003
5 Nigellaquinomine -8.2 0 NIL:NIL Thr618,  Phe807,
Tyr805,  Gly617,
Gly615, Lys614
6 Nigellicine -7.2 3 Trp840:3.10, His1005, Phel003,
Asp1004:2.68, Glu712, Gly1007,
Ser717:3.17, :3.32 Vall006, Lys676,
Glu839
7 Palmitic acid -5.0 2 Thr618:2.70, Lys614, Gly615,
Gly617:3.16 Tyr805, Ala801,
Leu616,  GIn789,
Leu468, Thr467,
Ser619, Ser464
8 Pyrogallol -5.6 1 Arg727:3.30, :2.82, Pro724, Ne715,
:3.09 Phel003, Glu712,
Gluk39, Ser717
9 Salfredin B11 -7.4 2 Glu839:2.85, Trp840,  Vall006,
Arg727:3.22 Gly1007, Glu712,
Phel003, Pro724
10 Salicylic acid -6.5 1 Arg727:3.06, :2.89 Pro724, Ser717,

Pro716,  Ile715,
Glu712, Phel003
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a-Pinene made 06 hydrophobic interactions with Topoisomerase II a and no hy-
drogen bonding as illustrated in figure 4.15. Anethol made 10 hydrophobic inter-
actions with Topoisomerase II o and no hydrogen bonding as illustrated in figure
4.16. Myristic acid made 13 hydrophobic interactions with Topoisomerase II o and
02 hydrogen bonds with Arg727 and Leu722 residues as illustrated in figure 4.17.
Nigeglaine made 07 hydrophobic interactions with Topoisomerase II o and 01 hy-
drogen bonds with Trp840 residue as illustrated in figure 4.18. Nigellaquinomine
made 06 hydrophobic interactions with Topoisomerase II o and no hydrogen bond-
ing as illustrated in figure 4.19. Nigellicine made 07 hydrophobic interactions with
Topoisomerase II o and 03 hydrogen bonds with Trp840, Asp1004 and Ser717
residues as shown in figure 4.20. Palmitic acid made 10 hydrophobic interactions
with Topoisomerase II o and 02 hydrogen bonds with Gly617 and Thr618 residues
as shown in figure 4.21. Pyrogallol made 06 hydrophobic interactions with Topoi-
somerase II o and 01 hydrogen bond with Arg727 residue as shown in figure 4.22.
Salfredin B11 made 07 hydrophobic interactions with Topoisomerase II v and 02
hydrogen bonds with Arg727 and Glu839 residues as shown in figure 4.23. Salicylic
acid made 07 hydrophobic interactions with Topoisomerase II « and 01 hydrogen

bond with Arg727 residue as illustrated in figure 4.24.
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FIGURE 4.17: Interaction of a-Pinene with Topoisomerase IT «
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a-Pinene made 06 hydrophobic interactions with Phe1003, Glu712, Pro724, Pro716,
Ser717 and Ile715 residues and no Hydrogen bond.
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FIGURE 4.18: Interaction of Anethol with Topoisomerase II «

Anethol made 10 hydrophobic interactions with Arg673, Gly1007, Pro724, 11e715,
Arg727, Leu722, Ser717, Pro716, Phe1003 and Glu712 residues and no Hydrogen
bond.
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FIGURE 4.19: Interaction of Myristic acid with Topoisomerase II «

Myristic acid made 13 hydrophobic interactions with Val1006, Glu839, Gly1007,
Leu829, Pro724, Glu712, Ser717, Lys723, Pro716, Phel003, Ile715, Asp1004 and
Trp840 residues and 02 Hydrogen bonds with Arg727 having bond lenghts of 3.07
and 3.15 and with residue Leu722 having bond length of 2.77.
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FIGURE 4.20: Interaction of Nigeglaine with Topoisomerase 1I «

Nigeglaine made 07 hydrophobic interactions with His1005, Glu839, Vall006,
Gly1007, Glu712, Phel003 and Ser717 residues and 01 Hydrogen bond with Trp840
residue having bond length of 3.20.
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FIGURE 4.21: Interaction of Nigellaquinomine with Topoisomerase II «

Nigellaquinomine made 06 hydrophobic interactions with Thr618, Phe807, Tyr805,
Gly617,Gly615 and Lys614 residues and no Hydrogen bond.
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FIGURE 4.22: Interaction of Nigellicine with Topoisomerase II «

Nigellicine made 07 hydrophobic interactions with His1005, Phel003, Glu712,
Gly1007, Val1006, Lys676 and Glu839 residues and 03 Hydrogen bonds with
Trp840 having bond length of 3.10, Asp1004 having bond length of 2.68 and with
residue Ser717 having bond length of 3.17 and 3.32.
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FIGURE 4.23: Interaction of Palmitic acid with Topoisomerase II «

Palmitic acid made 10 hydrophobic interactions with Lys614, Gly615, Tyr805,
Ala801, Leu616, GIn789, Leu468, Thr467, Ser619 and Ser464 residues and 02
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Hydrogen bonds with Thr618 having bond length of 2.70 and with Gly617 having
bond length of 3.16.
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FIGURE 4.24: Interaction of Pyrogallol with Topoisomerase II «

Pyrogallol made 06 hydrophobic interactions with Pro724, Ile715, Phe1003, Glu712,
Glu839 and Ser717 residues and 01 Hydrogen bond with residue Arg727 having
bond lengths of 3.30,2.82 and 3.09.
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FIGURE 4.25: Interaction of Salfredin B11 with Topoisomerase 1I «
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Salfredin B11 made 07 hydrophobic interactions with Trp840, Val1006, Gly1007,
Glu712, Phel003, Pro724 and Ser717 residues and 02 Hydrogen bonds with Glu839
having bond length of 2.85 and with residue Arg727 having bond length of 3.22.
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FIGURE 4.26: Interaction of Salicylic acid with Topoisomerase II «

Salicylic acid made 07 hydrophobic interactions with Pro724, Ser717, Pro716,
[1e715, Glu712, Phel003 and Gly1007 residues and 01 Hydrogen bond with Arg727
having bond lengths of 3.06 and 2.89.

4.10 ADMET Properties of Ligands

Ligands toxicity and ADMET properties are obtained from pkCSM online tool.
Canonical SMILES of the ligands obtained from PubChem and are used as in-
put for pkCSM server. Toxicity measurements provide information regarding the
nature of ligands, which must be considered before drug designing. Toxicity of a
compound must be tested to use it as a therapeutic agent. ADMET properties of

the selected ligands extracted from this server are as follows.
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4.10.1 Absorption

In pharmacology, absorption refers to the movement of a drug from the blood-
stream into the tissues. Both the chemical nature of the drug and the surrounding
environment influence the rate and extent of absorption. For a drug to be ab-
sorbed into tissues, it must cross cellular barriers such as epithelial or endothelial
cells. Most drugs cross these barriers via passive transport, moving from areas of
higher concentration to lower concentration by diffusing through cell membranes.
Only a few drugs use active transport, a process that requires energy in the form
of ATP to move the drug against its concentration gradient—from lower to higher

concentration.

Absorption is one of the key ADMET properties and is evaluated using seven
models: water solubility, CaCO, permeability, intestinal absorption, skin per-
meability, P-glycoprotein substrate, and P-glycoprotein inhibitors types I and II.
Water solubility refers to the compound’s ability to dissolve in water at 25°C and is
expressed as the logarithm of its molar concentration (log mol/L). Water solubility
refers to the compound’s ability to dissolve in water at 25°C and is expressed as
the logarithm of its molar concentration (log mol/L). Drugs that are water-soluble

tend to dissolve better in aqueous environments compared to lipid-soluble drugs

[97).

The CaCO4y permeability model estimates the logarithm of the apparent perme-
ability coefficient (log Papp; log cm/s). A compound is considered to have high
CaCOy permeability if its predicted Papp value exceeds 0.9, according to pkCSM
predictions. Intestinal absorption refers to the percentage of a compound expected
to be absorbed in the small intestine; compounds with absorption values below
30% are considered poorly absorbed. Skin permeability is represented by the log
Kp value and is important in the design of transdermal drugs. A log Kp value

greater than -2.5 indicates low skin penetration.

The CaCO4 permeability model estimates the logarithm of the apparent perme-
ability coefficient (log Papp; log cm/s). A compound is considered to have high
CaCO, permeability if its predicted Papp value exceeds 0.9, according to pkCSM
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predictions. Intestinal absorption refers to the percentage of a compound expected
to be absorbed in the small intestine; compounds with absorption values below
30% are considered poorly absorbed. Skin permeability is represented by the log
Kp value and is important in the design of transdermal drugs. A log Kp value
greater than -2.5 indicates low skin penetration. Skin permeability is represented
by the log Kp value and is important in the design of transdermal drugs. A log

Kp value greater than -2.5 indicates low skin penetration.

P-glycoprotein (P-gp) substrates function as natural barriers that help eliminate
toxins from cells. This model predicts whether a compound acts as a P-gp sub-
strate, which may reduce its oral absorption. The P-glycoprotein I and II inhibitor
models determine whether a compound inhibits P-gp I or II. P-gp inhibitors reduce

the efflux activity of P-gp, potentially enhancing drug absorption.

The absorption properties of the ligands are detailed in 4.13. All listed ligands ex-
hibit low water solubility. CaCO, permeability values for all ligands fall within the
normal range, except for nigellicine, which falls below the recommended threshold.

Intestinal absorption values are high for all ligands, with each exceeding 90%.

Among them, nigellicine has the highest absorption at 100%. Myristic acid is
the only ligand with a skin permeability value within the effective range, indi-
cating strong transdermal potential. Nigellaquinomine is predicted to act as a

P-glycoprotein I inhibitor

4.10.2 Distribution

In pharmacology, distribution is a branch of pharmacokinetics that focuses on the
movement of a drug within the body from one location to another. In pharmacol-
ogy, distribution is a branch of pharmacokinetics that focuses on the movement

of a drug within the body from one location to another.

After a drug enters the systemic circulation either through direct administration

or absorption, it is distributed into both intracellular and interstitial fluids [98].



TABLE 4.13: Absorption Properties of Ligands
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The distribution properties of the ligands are summarized in Table 4.14. Distri-
bution, a key aspect of ADMET, is characterized using four models: volume of
distribution in humans (VDss, expressed as log L/kg), fraction unbound in hu-
mans (Fu), and blood-brain barrier (BBB) permeability, expressed as log BBB
[100].

Model-I represents the theoretical volume in which the total amount of a drug
would need to be evenly distributed to achieve the same concentration as in the

blood plasma.

A VDss (volume of distribution at steady state) value below 0.71 L/kg is consid-
ered low, while a value above 2.81 L /kg is considered high. A high VDss indicates
that a greater proportion of the drug is distributed into tissues rather than re-

maining in the plasma.

A higher Fu (fraction unbound) value suggests greater effectiveness of the com-
pound. The blood-brain barrier (BBB) protects the brain from external sub-
stances, making BBB permeability a critical parameter. A predicted log BB value
greater than 0.3 indicates that the substance can cross the BBB, whereas a value

less than -1 suggests it is unlikely to affect the brain.

Log P, which combines blood-brain permeability and surface area, is used to pre-
dict central nervous system (CNS) penetration. A log P value above -2 suggests
the compound can penetrate the CNS, while a value below -3 indicates it is likely

safe from CNS effects.

All ligands exhibited low VDss (human) values, suggesting that a larger proportion
of the drug remains in the plasma rather than distributing into tissues. The
fraction unbound (human) values for these ligands fall within the recommended

range.

BBB permeability values for a-pinene, anethol, nigeglaine, nigellaquinomine, and
salfredin B11 exceed 0.3, indicating these compounds have the potential to cross
the blood-brain barrier and may affect the brain. Additionally, CNS permeability
values for anethol, myristic acid, and palmitic acid are greater than -2, suggesting

these compounds can penetrate the central nervous system [99].
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4.10.3 Metabolism

Metabolism is a process of converting one form of compound into another form;
that is conversion of complex to simpler compounds and vice versa. Most of the
drug metabolism occurs in liver, blood plasma, lungs and intestine. Metabolism
generally converts the drug into more water soluble compound by increasing its
polarity. Cytochrome P450 is an important cleansing enzyme found in the liver has
different isoforms whose models are included in metabolism of ADMET properties

which are CYP1A2, CYP2C19, CYP2C9, CYP2D6 and CYP3A4.

TABLE 4.14: Distribution Properties of Ligands

Sr. Model Name VDss (hu- Fraction BBB per- CNS per-

man) unbound meability meability
(human)

1 a-Pinene 0.667 0.425 0.791 -2.201
2 Anethol 0.343 0.266 0.529 -1.659
3 Myristic acid -0.578 0.171 -0.027 -1.925
4 Nigeglaine 0.312 0.414 0.673 -2.362
5 Nigellaquinomine 0.527 0.225 0.498 -2.645
6 Nigellicine -0.801 0.489 -0.144 -2.944
7 Palmitic acid -0.543 0.101 -0.111 -1.816
8 Pyrogallol 0.13 0.712 -0.441 -3.252
9 Salfredin B11 0.363 0.465 0.747 -2.827
10 Salicylic acid -1.57 0.563 -0.334 -3.21

TABLE 4.15: Metabolic Properties of Ligands

Model Name CYP2 CYP3 CYP1 CYP2 CYP2 CYP2 CYP3

D6 A4 A2 C19 C9 De6 A4
a-Pinene NO NO NO NO NO NO NO
Anethol NO NO YES NO NO NO NO
Myristic acid NO NO NO NO NO NO NO
Nigeglaine NO NO NO NO NO NO NO
Nigellaquinomine NO YES NO YES NO NO NO
Nigellicine NO NO NO NO NO NO NO
Palmitic acid NO YES NO NO NO NO NO
Pyrogallol NO NO NO NO NO NO NO

continued on next page
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Table 4.15 continued from previous page

Model Name CYP2 CYP3 CYP1 CYP2 CYP2 CYP2 CYP3

D6 A4 A2 C19 C9 D6 A4
Salfredin B11 NO NO NO NO NO NO NO
Salicylic acid NO NO NO NO NO NO NO

This enzyme interacts with xenobiotics to aid in their elimination. While it ac-
tivates certain drugs, it neutralizes most of them [94]. Tables 4.15 show the
metabolic properties of ligands. Out of the ligands mentioned in Table 4.15, Nigel-
laquinomine and palmitic acid act as the substrate of isoform CYP3A4, anethol act
as inhibitor of CYP1A2 isoform and Nigellaquinomine act as inhibitor of CYP2C19

isoform. No other ligand act as inhibitor or substrate of any other isoform.

4.10.4 Excretion

The liver and kidneys are the primary organs responsible for drug excretion, al-
though other organs can also contribute. For instance, the lungs eliminate gaseous
drug byproducts, and drugs may also be excreted through tears, sweat, and saliva.
Excretory properties are often evaluated using models that include total clearance
(CL__tot), expressed as log CL__ tot in ml/min/kg, and renal OCT2 substrate pre-
diction, indicated as either Yes or No. OCT2 (organic cation transporter 2) is
a renal uptake transporter involved in the kidney’s role in drug elimination. A
negative value for total clearance suggests poor drug elimination, whereas a pos-
itive value indicates effective clearance. The excretory properties of the ligands
are summarized in Table 4.16. According to the table, all ligands show negative
results for the renal OCT?2 substrate, but they have positive total clearance values,

suggesting good overall drug excretion.

TABLE 4.16: Excretory Properties of Ligands

Sr.No. Model Name TC Renal OCT2 substrate

1 a-Pinene 0.043 NO
2 Anethol 0.268 NO
3 Myristic acid 1.693 NO

continued on next page
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Table 4.16 continued from previous page

Sr.No. Model Name TC Renal OCT2 substrate

4 Nigeglaine 0.526 NO
5 Nigellaquinomine 0.903 NO
6 Nigellicine 0.55 NO
7 Palmitic acid 1.763 NO
8 Pyrogallol 0.104 NO
9 Salfredin B11 0.481 NO
10 Salicylic acid 0.607 NO

4.11 Lead Compound Identification

Physiochemical properties or Lipinskis rule of five acts as a primary filter and
then pharmacokinetics properties sorts further potential compounds as drug or
non drug. After analysing all ligands carefully, Salfredin B11 has selected as lead

compound because it is active of all the ligands.

4.12 Drug Identification against Breast Cancer

4.12.1 Sorafenib

Sorafenib is an FDA-approved medication for the treatment of advanced renal
cell carcinoma and is marketed by Bayer under the brand name Nexavar. It also
received a 'Fast Track’ designation from the FDA for the treatment of advanced
hepatocellular carcinoma (HCC) and has shown improved outcomes in Phase 111

clinical trials.

Sorafenib is a small-molecule inhibitor that targets multiple kinases, including Raf
kinase, platelet-derived growth factor (PDGF) receptor, VEGF receptors 2 and 3,
and c-Kit—the receptor for stem cell factor. While many emerging drugs focus
on these signaling pathways, Sorafenib is distinct in its simultaneous inhibition of

the Raf/Mek/Erk signaling cascade [69].
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FIGURE 4.27: 2D structure of Sorafenib Drug (Pubchem Database)

Physiochemical properties of Sorafenib drug are shown in Table 4.17.

TABLE 4.17: Physiochemical properties of Sorafenib Drug

log P value Rotatable Bonds H-Bond H-Bond Molecular Molecular

acceptor donor formula  weight
5.5497 5 4 3 Ca1H16CIF3464.8
N4O3

4.13 ADMET Properties of Drug

PkCSM is used to predict the ADMET properties of Sorafenib drug. Predicted

values of sorafenib are given in Table 4.18.

TABLE 4.18: ADMET Properties of Drug

Sr. No. Property Model Name Predicted Values
1 Water solubility -4.255

2 CaCO; permeability 0.762

3 Intestinal absorption (human) 85.494

4 Absorption  Skin permeability -2.74

5 P-glycoprotein substrate YES

6 P-glycoprotein I inhibitor YES

7 P-glycoprotein II inhibitor YES

1 VDss (human) -0.009

continued on next page
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Table 4.18 continued from previous page

Sr. No. Property Model Name Predicted Values
2 Fraction unbound (human) 0

3 Distribution BBB permeability -1.473
4 CNS permeability -2.025
1 CYP2D6 substrate NO
2 CYP3A4 substrate YES
3 CYP1A2 inhibitor NO
4 Metabolism  CYP2C19 inhibitor YES
5 CYP2C9 inhibitor YES
6 CYP2D6 inhibitor NO
7 CYP3A4 inhibitor YES
1 Excretion Total Clearance -0.213
2 Renal OCT?2 substrate NO
1 AMES toxicity NO
2 Max. tolerated dose (Human) 0.253
3 hERG T inhibitor NO
4 hERG II inhibitor YES
5 Toxicity Oral Rat Acute Toxicity 2.14
6 Oral Rat Chronic Toxicity 1.068
7 Hepatotoxicity YES
8 Skin sensitisation NO
9 T.pyriformis toxicity 0.307
10 Minnow toxicity -0.515

4.14 Mechanism of Action of Sorafenib

Sorafenib targets a range of intracellular kinases (including CRAF, BRAF, and
mutant BRAF) as well as cell surface kinases such as KIT, FLT-3, VEGFR-2,
VEGFR-3, and PDGFR- . Many of these kinases play key roles in angiogenesis,
the process of new blood vessel formation. By inhibiting them, Sorafenib effec-
tively reduces blood supply to the tumor. Notably, Sorafenib specifically inhibits
the Raf/MEK/ERK signaling pathway, disrupting genetic transcription processes

involved in cell proliferation and thereby hindering tumor growth [102].
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4.15 Sorafenib Effects on Body

Sorafenib is known to cause occasional, temporary increases in serum aminotrans-
ferase levels during treatment, which are typically mild and without symptoms.
However, in rare cases, Sorafenib has been associated with clinically significant
liver injury, which can be severe and potentially fatal. The maximum clinically

studied dose of Sorafenib is 800 mg twice daily.

However, in rare cases, Sorafenib has been associated with clinically significant
liver injury, which can be severe and potentially fatal. The maximum clinically

studied dose of Sorafenib is 800 mg twice daily.

At this dosage, the most commonly reported side effects include diarrhea and

skin-related reactions [102].

4.16 Comparison Between Sorafenib and Lead

Compound Salfredin B11

Comparison between Sorafenib and Salfredin B11 is done to identify the better
treatment for Breast cancer. Comparison is done on the basis of physiochemical
properties and ADMET properties of Sorafenib and Salfredin B11. Application of
Lipinski rule of five on Sorafenib and Salfredin B11 is shown in 4.19.

TABLE 4.19: Application of Lipinski rule of five on Sorafenib and Salfredin B11

Sr.No. Compound LogP MolecularH-Bond H-Bond

value weight Acceptor Donor
1 Sorafenib 5.5497 464.8 4 3
2 Salfredin B11  2.2468 232.23 4 1

LogP value, molecular weight and hydrogen bond donor of Salfredin B11 is less

than Sorafenib.
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4.17 ADMET Properties Comparison

The ADMET properties of a drug—Absorption, Distribution, Metabolism, Ex-
cretion, and Toxicity—are essential for evaluating its activity and overall effec-

tiveness. A comparative analysis of Sorafenib and Salfredin B11 based on these

properties is presented in Table 4.20.

TABLE 4.20: Comparison of ADMET Properties

Sr. No. Property Model Name Sorafenib Salfredin B11
1 Water solubility -4.255 -3.081
2 CaCO5 permeability 0.762 1.201
3 Intestinal absorption (human) 85.494 94.058
4 Absorption  Skin permeability -2.74 -3.236
5 P-glycoprotein substrate YES NO
6 P-glycoprotein I inhibitor YES NO
7 P-glycoprotein II inhibitor YES NO
1 VDss (human) -0.009 0.363
2 Fraction unbound (human) 0 0.465
3 Distribution BBB permeability -1.473 0.747
4 CNS permeability -2.025 -2.827
1 CYP2D6 substrate NO NO
2 CYP3A4 substrate YES NO
3 CYP1A2 inhibitor NO NO
4 Metabolism  CYP2C19 inhibitor YES NO
5 CYP2C9 inhibitor YES NO
6 CYP2D6 inhibitor NO NO
7 CYP3A4 inhibitor YES NO
1 Excretion Total Clearance -0.213 0.481
2 Renal OCT2 substrate NO NO
1 AMES toxicity NO NO
2 Max. tolerated dose (Human) 0.253 -0.051
3 hERG I inhibitor NO NO
4 hERG II inhibitor YES NO
5 Toxicity Oral Rat Acute Toxicity 2.14 1.701
6 Oral Rat Chronic Toxicity 1.068 2.419
7 Hepatotoxicity YES NO
8 Skin sensitization NO NO

continued on next page
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Table 4.20 continued from previous page

Sr. No. Property Model Name Sorafenib Salfredin B11
9 T. pyriformis toxicity 0.307 0.494
10 Minnow toxicity -0.515 1.492

Both are showing low water solubility, CaCO, permeability value of salfredin B11
is greater than 0.9 indicating that it has high absorbance, intestinal absorption
and skin permeability of salfredin B11 is higher than sorafenib. As sorafenib is

P-glycoprotein substrate depicting its low oral absorption.

Both of these are showing low VDss (human) but value of salfredin B11 is higher,
fraction unbound (human) of salfredin is also greater than sorafenib making sal-
fredin B11 more effective. BBB permeability value of sorafenib is good as com-
pared to salfredin B11. CNS permeability values of both compounds are in recom-
mended range. Total clearance value of salfredin B11 is positive which shows good
drug clearance while of sorafenib, it is negative indicating poor drug clearance and

none is OCT2 substrate.

According to toxicity values both of the compounds are non carcinogenic, MRTD
of sorafenib is high as compared to salfredin B11. Sorafenib act as hERG II
inhibitor which is more dangerous as it is known to us that many drugs have
had withdrawn from the market just because of hERG inhibitor which cause the

dysfunction of potassium channels.

Sorafenib is hepatotoxic which means it damage the liver and it is the main concern
of safety for drug designing because mostly drug metabolism is done in the liver.

Sorafenib also indicate minnow toxicity while salfredin B11 does not.

4.18 Comparison of Physiochemical Properties

The comparison between physiochemical properties of Sorafenib and Salfredin B11
is important step that help us to find out the drug activity manner and biochem-
ical reactivity. Comparison between physiochemical properties of Sorafenib and

Salfredin B11 is shown in Table 4.21.
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TABLE 4.21: Comparison between physiochemical properties of Sorafenib and
Salfredin B11

Sr. Compound LogP Rotatable H-Bond H-Bond Molecular
Bonds Accep- Donor Weight

tor
1 Sorafenib 5.5497 5 4 3 464.8
2 Salfredin B11 2.2468 0 4 1 232.23

LogP value, rotatable bonds, hydrogen bond donor and molecular weight of sal-

fredin B11 is less than sorafenib.



Chapter 5

Conclusions and Future Prospects

The objective of this study was to identify a potential compound for breast cancer
treatment using a computational approach, with the goal of developing an effective
drug for future use. Following an extensive literature-based data mining process,
ten ligands were selected for investigation. The target proteins used for virtual

screening were Topoisomerase I and Topoisomerase Ilo.

Molecular docking was conducted using CB-Dock, an automated implementation
of AutoDock Vina. Protein-ligand interactions were further examined with LigPlot
(version 1.4.5). Based on detailed analyses of binding scores, physicochemical
characteristics, and ADMET (Absorption, Distribution, Metabolism, Excretion,
and Toxicity) properties, Salfredin B11 emerged as a promising inhibitor against

breast cancer.

When compared to Sorafenib, Salfredin B11 demonstrated superior activity and
safety profiles, as evidenced by favorable physicochemical and ADMET parame-
ters. All software and tools utilized in this study are validated and widely recog-

nized for their reliability.
64
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5.1 Future Prospects

This identified active compound of Nigella sativa; Salfredin B11 can be used as
medicine in near future. To prove its rank as a drug it can be used on mice for
experiments and after these successful experiments, it can be introduced in the

clinical trials for its validation.
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