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Abstract

Breast cancer is the most common cancer in women worldwide. Advancement in
screening methods, treatment strategies, and conventional therapies has increased
the survival rate however, the adverse effects are considerable. Globally people
have become more concerned to use natural products over synthetic ones. That’s
why this research is planned to discover potential anticancer agents from Artemisia
carvifolia. Fifteen bio compounds, representatives of all classes namely kaempferol,
luteolin, gallic acid, quercetin, isoquercetin, caffeic acid, rutin, chrysosplenol D,
artemisinin, arteannuin B, artesunate, artemether, artenimol, artemisone, and di-
hydroartemisinin were selected. These ligands were then screened out based on
Lipinski Rule and through studying the ADMET properties of the ligands. Virtual
screening of these ligands was carried out against drug targets that are estrogen re-
ceptor, HER2 and progesterone receptor by CB-Dock. Luteolin showed itself as a
lead compound against estrogen receptors, artemisone as a lead compound against
HER 2, and kaempferol was shown as a lead compound against progesterone recep-
tors. Tamoxifen, capecitabine, and mifepristone were used as the standard drugs
for comparison. Lead compounds selected were far more active and less toxic than
the selected standard drugs. All the interaction visualization analysis studies were
performed by PyMol molecular visualization tool and LIGPLOT+. Finally, as a
result of this study, luteolin, artemisone, and kaempferol have been discovered as
the most potent anti-cancer agents which can be considered as drug candidates
to treat breast cancer and related cancer types in the future. However further

research is necessary to investigate their potential medicinal use.

Keywords: Artemisia carvifolia, Virtual screening, CB-Dock, Estrogen receptor,
HER2, Progesterone receptor, Lead compound, Luteolin. Artemisone, Kaempferol,

Tamoxifen, Capecitabine and Mifepristone
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Chapter 1

Introduction

Cancer incidence rates have risen dramatically in recent years as a result of lifestyle
changes, eating patterns, and environmental factors. Cancer incidence is higher
in developing countries than in developed countries [1]. By 2020, it is estimated
that 15 million people would die from cancer, it may be because of aging, increase
in population due to which various factors such as changing reproductive trends,
tobacco use, overweightness, physical idleness, and, linked with sustainable growth
and urbanization, have prevailed [2]. In both developing and developed countries,
lung cancer is the common mortality cause in males, while breast carcinoma is
common in females. Other causes of cancer death include colorectal cancer and
prostate cancer in developed counties and liver, cervical and stomach cancer in less
developed countries. Even though the prevalence rates of all cancers are higher
in developed countries, mortality rates in developed countries are just 8% to 15%
higher [3]. In developed countries such as United State, 12.5% of women are being
diagnosed with Breast cancer [4-5]. Although in Asian countries the incidence rate

is lower for breast cancer the global burden is rapidly growing in Asia.

Breast cancer was first reported by ancient Egyptians more than 35000 years ago
[6]. Breast cancer was described as a humoral disease by Hippocrates who is
considered the father of western medicine [7]. The capacity of breast cancer to
spread or metastasize is its most lethal feature. Breast cancers are most often
caused in the milk-producing cell or the duct present in the lobule. Breast cancer

1
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risk factors have been linked to an increase in its occurrence in epidemiological
research studies. Many variables have been studied to determine patients’ risk,

including age, family background, receptor status, and others [8].

Most patients with breast carcinoma have higher levels of the progesterone recep-
tor, HER2/neu, and estrogen receptor, all of which are considered cancer progres-
sion markers [9]. ERa is involved in many signaling pathways which are responsible
for growth and proliferation such as MAPK and PI3K pathway [10]. Progesterone
stimulates PR, leading it to upregulate numerous essential cellular functions, in-
cluding proliferation, which aids the development of breast cancer [11]. Increased
expression of HER2 tyrosine kinase activity has an anti-apoptotic effect which
results in increased malignancy. HER2 protein activates various signal transduc-
tion molecules including signal transducer, kinases transcription activator, and
activates many pathways such as STAT, MAPK, and PI3K which regulate the
cellular process of proliferation and differentiation [12]. Upregulation of HER2
and HER1 is linked to a deprived clinical prognosis in breast carcinoma patients,

in addition to a poor response to endocrine therapy.

Tamoxifen has been used as a drug against estrogen in females with more likelihood
of disease. Fulvestrant has also been approved for clinical use against estrogen [13].
Aromatase inhibitors such as anastrozole, letrozole inhibit enzyme aromatases
which are involved in the synthesis of estrogen [14]. Anti-HER2 antibodies such
as tratuzumab and Pertuzumab have been used in the treatment of breast cancer.
They target the extracellular domain of protein preventing its dimerization and
phosphorylation [15]. Many tyrosine kinase inhibitors such as neratinib, gefitinib,
and lapatinib have been used for treatment by binding HER1 and HER2 domains
and cause inhibition of signaling pathways [16]. But despite the availability of
all these drugs patients develop resistance against them. MAPK and PI3K are
involved in developing tamoxifen resistance. A further side effect of these targeted
are mild, but sometimes severe which includes congestive heart failure, leg swelling,
diarrhea, shortness of breath, severe fatigue, and liver and lung problems. With

the advancement in science and medicine, the survival rate of cancer has improved.
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Although effective treatments have been developed these treatments have some
side effects and patients also develop resistance against drugs. As a result, for
more effective cancer treatment there is a need for a plant-based herbal medica-
tion having no side effects. Artemisia species are widely used in herbal medicine
for several well-known medicinal purposes and surely understood therapeutic and
helpful applications (stomachache, parasitism, diarrhea, bronchial and intestinal

infections, pimples, angina, wounds, coughs, and colds) all over the world [17].

Artemisia species contain a diverse spectrum of physiologically active chemicals
that have a variety of pharmacological effects. Phenols and flavonoids are two of
the most important families of phytochemicals found in plants. They have been
shown to have antitumor, antioxidant, antispasmodic, insecticidal, antimalarial,
antimicrobial, anti-inflammatory, and antifungal properties. Diseases caused by
fungi, bacteria, and viruses such as cancer, hepatitis, infections can be treated
with the use of Artemisia species [18]. Glycosides, terpenoids, flavonoids, sterols,
coumarin, and polyacetylene are only a few of the secondary metabolites found
in the Artemisia genus. Sesquilactones and flavonoids are two of Artemisia’s sec-

ondary metabolites that have a lot of therapeutic and restorative potential [19].

Significant antioxidant properties are found in the methanolic extract of Artemisia
carvifolia. That’s why this plant was selected to find a natural anticancer com-
pound to target receptor proteins in breast cancer. Docking is an Insilco method
for determining the correct structure of a ligand within the target binding site and
estimating the strength of a bond between a ligand and a target protein using a
special scoring feature. The input for docking is the 3-Dimensional structures of
the target proteins and ligands [20]. This new class of small molecular compounds
has been shown to have important properties, such as a high interaction between
target binding and target proteins, as well as proper absorption, distribution,

metabolism, and excretion (ADME) to aid in target lead selection [21].

It also focuses on achieving the system’s minimum independent energy, which in-
cludes properly aligned proteins and ligands [22]. Small ligands, protein peptides,

protein proteins, and protein nucleotides can all be used in the molecular docking
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of proteins mechanism. An algorithm, receptor flexibility, and ligand flexibility

are some of the docking mechanisms [23].

1.0.1 Problem Statement

Cancer is the second most leading cause of morbidity and death around the globe.
While many treatments and therapies have been in use over the past two decades,
they all have their own set of issues, such as toxicity and immunosuppression. An
increase in cancer cases has prompted researchers to look for new, more effective
drugs made from plants [24]. Plant extracts have been used in ethnomedical

treatments that have fewer side effects as compared with synthetic treatments.

1.0.2 Aims and Objectives

The aim is to identify novel inhibitors, harmless and natural anti-cancer com-
pounds from Artemisia carvifolia. And therefore, we focus on protein-ligand in-
teractions, which play a significant role in structural drug design. To achieve the

goal, we have the following objectives:

1. To identify various bioactive compounds of Artemisia carvifolia as potential

inhibitors of estrogen, progesterone, and HER2 receptors.

2. To analyze the binding conformation between targeted proteins and ligands

by performing molecular docking.

3. To find the best of the interacting molecules that show inhibitory effects

against the targeted receptors.
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Literature Review

2.1 Cancer

It is the phrase used to describe a group of illnesses. In all types of carcinomas,
the cells of the body begin to divide uncontrollably and extend into nearby tissue.
As cells age or become wounded, they die, and a new one replaces them. When
cancer strikes, however, this well-organized mechanism is interrupted. Cells that
should die such as old or damaged, live ones, and new cells emerge when they
are no longer needed as they grow more irregular. As seen in Figure 2.1, these

additional cells divide endlessly, resulting in tumor growth [25].

2.2 Breast Cancer

Breast cancer is a form of cancer that develops in the breast cells. It usually
develops in the lobules or ducts. Milk-producing glands are known as lobules,
and ducts are the channels that bring milk from the glands to the nipple [26].
Breast cancer can also develop in the fatty tissue or fibrous connective tissue of
the breast. Around 5-10% of cases are caused by a genetic predisposition inherited
by one’s parents, such as BRCA1 and BRCA2, among others [27]. Cancer cells
that have gotten out of hand might infiltrate healthy breast tissue and spread to
5
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FIGURE 2.1: How cancer spreads [25].

lymph nodes beneath the arms. Cancer cells can travel to other parts of the body

through the lymph nodes.

2.2.1 Brest Cancer Incidence

In the United States, breast cancer is the most prevalent cancer in women, account-
ing for one-fourth of all female cancers Breast cancer is 100 times less prevalent
in men than in women, with a one-in-seven risk of developing it in a woman’s life-
time. Breast cancer is the main cause of mortality in women between the ages of
44 to 50, accounting for 15% of all cancer deaths. Breast cancer incidence (number
of new cases per 100,000 people) grew by 4% in the 1980s before leveling off in
the 1990s at 100.6 cases per 100,000 women. Between 1992 and 1996, the number

of women dying of breast cancer declined dramatically, with the younger women
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experiencing the greatest reduction. Invasive breast cancer will be detected in
almost 211, 240 women in the United States in 2005 according to the American
Cancer Society (Stages I-IV). In the Asian population, a peak in breast cancer
incidence is observed between the ages of 40 to 59, more specifically age-specific
incidence rate in India is 50-59, 40-49 in Korea, 45-54 in Japan, and 60-64 in Sri
Lanka [28]. In Pakistan, the risk of breast cancer has increased, whereby 1 in every

9 women has a lifetime risk of being diagnosed with this disease.

2.2.2 Breast Cancer Symptoms

Symptoms in breast malignancies include:

e Tissue thickening or any lump that can be easily felt

e Swelling

e Pitted and reddish skin

e Pain in breast

e Bloody release and discharge from nipple other than milk.

e Scaling or shedding of skin on your nipple

e A rapid, unfamiliar shift in the size and appearance of the breast
e Color variation of the breasts’ covering

e Twisted nipple

e Detection of swelling or lump under the arm area [29)].

2.2.3 Risk Factors for Breast Cancer

Numerous factors influence the likelihood of acquiring breast cancer. However,
showing symptoms does not guarantee that you will inherit the disease. Risk

factors are classified into two categories:
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1. Modifiable risk factors (those that individuals may change themselves,

such as alcohol consumption).

2. Fixed risk factors (those that cannot be changed) (things that cannot be

changed, such as age and biological sex) [30].

e Age: Breast cancer is uncommon in women under the age of 25. The rate

of occurrence rises with age, reaching a nadir in women aged 50 to 55.

e Genetics: A person’s family background may be a risk factor. The lifetime

risk is up to four times higher if both a mother and a sister are affected.

— People of Ashkenazi Jewish ancestry are at a 2-fold higher risk.

— When compared to American women, Japanese and Taiwanese women

face a fifth of the risk.

— BRCA1 and BRCA2 mutations are linked to an increased probability

of cancer.

— Four-time increased likelihood of disease in case of Ataxia-telangiectasia

heterozygotes.

e Other Pathology: Past breast cancer, ovarian cancer, complex fibroade-
noma, endometrial cancer, radial scar, ductal carcinoma in situ. Cervical

cancer carries a lower risk.

— The number of menstrual cycles: Factors that raise the menstrual
cycles count enhances the danger, most likely due to increased exposure

to endogenous estrogen.

— Obesity: In adipose tissue androgens to estrogens conversion is be-

lieved to increase risk.

— Economic class: People from a higher socioeconomic class have a

higher incidence.

— Exogenous factors: 1-Hormone replacement therapy 2- use of oral
contraceptive pills 3- Irradiation 4- Exposure to some viral agents 5-

Alcohol consumption [28, 31].
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2.2.4 Breast Cancer Types

The two most frequent forms of breast cancer are grouped into two categories:

e In situ ductal carcinoma, DCIS (ductal carcinoma in situ) is a malig-
nancy that does not spread. DCIS signifies your breast cancer cells haven’t

migrated beyond the ducts and haven’t spread to the surrounding tissue [32].

e Lobular carcinoma in situ LCIS (lobular carcinoma in situ) is a type of
breast cancer that starts in the milk glands. Unlike DCIS, the cancer cells

haven’t penetrated the underlying tissue.

The cancer cells haven’t entered the underlying tissue, unlike DCIS.

e Invasive ductal carcinoma: It is the most communal type of breast car-
cinoma. In the breast this type starts in the milk ducts then invades the

surrounding tissue.

e Invasive lobular carcinoma: It begins in the lobules of mammary glands

and spreads to nearby tissue [33].

2.2.5 Diagnosis of Breast Cancer

The doctor will perform a thorough physical examination in addition to a breast
exam to determine whether the symptoms are caused by breast cancer or a benign

breast ailment.

A mammogram is a screening test that may aid in the detection. The best way
is to look under your breast surface with a mammogram, which is an imaging
examination. Every year, many women over the age of 40 have a mammogram to
screen for breast cancer [34]. Table 2.1 represents the accuracy of breast imaging

modalities.
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e An ultrasound generates a view of the breast tissues presents deep inside
using sound waves. An ultrasound will be used to distinguish between a

dense mass, such as a minor cyst, and a tumor.

Breast biopsy: During this operation, a tissue sample from the infected area will
be collected and evaluated. Breast biopsies come in a variety of shapes and sizes

[35).

TABLE 2.1: Accuracy of Breast Imaging Modalities [34].

. L L Positive L
Modality Sensitivity Specificity Indications
Prediction
63-95% Sensiti-
In women above
vity is less than
35-year Initial in-
35% in the case
Mammo- Palpable Palpable vestigation and
of dense breasts
graphy (14-90%) (10-50%) screening is con-
and 92% in wo-
sidered for sym-
men with an age
ptomatic breast.
greater than 50.
Multifocal and bo-
rderline lesions,
MRI (86-100%) (21-97%) (52%) Scarred breast, im-
plants for breast
conservation.
In females younger
Ultrason-  Palpable Palpable Palpable than 35-year inves-
ography (68-97%) (74-94%) (92%) tigation is consider-
ed for lesions.
PET
(Positron  Axillary Scarred breast Axi-
emission ~ metastases 100% &nbsp; lla assessment, and
tomogra-  (96%) multifocal lesions.

phy)
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Palpable Drug resistance can
Palpable
Im- (70- 83%) be predicted in the
Scintigra-  (76-95%)
palpable Im- case of axilla asses-
phy Impalpable
(62-94%) palpable sment Lesions
(52-91%)

(83%-79%)  larger than 1 cm.

Stages of Breast Cancer When cancer is found, it is assigned a grade. A stage
is a number that ranges from 0 to IV (with sub-stages represented by letters) that

denotes cancer’s severity and aggressiveness:

e Breast cancers in situ, such as ductal carcinoma in situ, are stage 0 malig-
nancies. Cancer that has been established in a specific site is referred to as
”in situ.” That means, cancer has not moved to other regions of the body

or affected the tissues around it.

e Stages I through III are used to describe cancer that has spread to tissues

inside or close to the breast (localized or regional breast cancer).

e Stage IV breast cancer is defined as cancer that has gone beyond the breast

and lymph nodes in the armpit to other parts of the body [36].

2.2.6 Breast Cancer Treatments

Surgery: Surgery entails the physical removal of the tumor, as well as any of the
underlying tissue in most cases. During surgery, one or more lymph nodes can be
biopsied; increasingly, lymph node sampling is done using a sentinel lymph node

biopsy.

Typical procedures include:

e Mastectomy: The whole breast is removed.

e Quadrantectomy: This procedure involves the removal of a quarter of the

breast.
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e Lumpectomy: It removed a small portion of the breast [37].

Radiation Therapy: Radiation therapy is the use of high-energy rays such as
Gamma or X-rays to treat a tumor or a post-surgery tumor location. These rays
are particularly effective at killing cancer cells that may remain after surgery or
return where the tumor was removed. Treatments normally last five to seven weeks

and are given five days a week. Each therapy is about 15 minutes long [38].

Chemotherapy: It is a form of drug therapy that is used to destroy cancer-
ous cells. This therapy can be used alone in some cases, but it can be used in
combination with other clinical treatments, for instance, surgery. The chemother-
apeutic agents used in the management of breast cancer are shown in Table 2.2.
Chemotherapy has a lot of unfavorable side effects, so talk to your doctor about

them before you start [39].

TABLE 2.2: Chemotherapeutic drugs used in breast cancer management [39].

Sr. No. Abbreviation Components

1 AC Day 1 Doxorubicin 60mg/m2 IV.
Dayl Cyclophosph-amide 400-600
mg/m2 IV (Repeat every 21 day).
Day 1-14 Cyclophosphamide
100 mg /m2 PO.”

2 CAF (FAC) Day 1, 8 or 60 Doxorubicin25 mg/
m2 day IV.

Day 1, 8 Fluorouracil 500-600 mg/
m2 IV (repeat every 28 days).
Day 1 Cyclophosphamide 500-600
mg /m2 IV.

3 CMF (CNF, FNC) Day 1 Fluorouracil 500-600 mg/m2 IV.
Day 1 Mitoxantone 10-12 mg/ m2
IV (repeat every 21 days).
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Cyclophosphamide 100 mg /m2
PO day 1-14.
Day 1-8 Methotrexate 40 mg /
m2 V.
4 CMF Day 1 -8 Fluorouracil 600 mg/m2
IV (repeat every 28 days).
Day 1 Mitoxantone 12 mg/ m2 IV.
Day 1 -3 Fluorouracil 350 mg/m2
. NFL IV is given after leucovarin.
Days 1-3 Leucovarin 300 mg IV

over 1 hr (repeat every 21 days).

Hormonal Therapy: The growth of breast tumors can be promoted with two
hormones, estrogen, and progesterone, which are predominantly present in females.
It works by inhibiting the synthesis of these hormones in your body, or by inhibiting
receptors present on the surface of cancer cells. This mechanism can either slow
down or stop the growth of cancer. Most breast cancers have a positive ER, three
medications, tamoxifen, raloxifene, toremifene, are used to treat and/or prevent

them. Tamoxifen use was linked to a lower risk of invasive breast cancer [40].

2.3 Medicinal Plant

Medicinal plants have been used for therapeutic purposes against several diseases
since the dawn of human civilization. Natural-source drugs account for about 40%
of newly approved drugs in the last two decades. They play a significant role in the
discovery of drugs for cancer treatment and dealing with other infectious ailments

[41].

The word "medicinal plant” refers to a variety of plants used in herbal medicine
("herbology” or "herbal medicine”). It is the practice of using plants for medici-

nal purposes as well as the study of such practices. Medicinal plants are thought
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to be a rich source of ingredients that can be used to make pharmacopeia, non-
pharmacopeia, or synthetic drugs. Plant parts that resembled parts of the human
body were thought to be useful in treating ailments of certain body parts, accord-

ing to the "Doctrine of Signature” theory of early herbalists [42].

Since ancient times, medicinal and aromatic plants have been used as therapeutic
agents [43]. In ancient medical systems such as Ayurvedic, Unani, and Chinese
traditional medicine, herbs have been used to cure diseases and restore and fortify

body systems [44].

Various species of Caralluma are used in Arabic and IndoPak traditional medicine
to treat diabetes, cancer, snake and scorpion bites, inflammation, and skin rashes.
Drugs are made from various parts of medicinal plants, including the leaves, seeds,

roots, flowers, and sometimes the whole plant [45] [46].

In the use of a few biochemicals, the plant kingdom provides a wide range of
structural diversity. A variety of new pharmacophores have been discovered by
phytochemical research on medicinal plants. In the development of drugs, phar-
macophores have proven to be invaluable [47]. To meet demand, the number of
plant-derived medicines and health foods has steadily increased. These medicinal
plants are highly regarded and have few side effects, making them increasingly

important around the world [48].

Most developing countries are promoting herbal medicines, which are also more
cost-effective than prescription drugs [49]. According to one study, plant-based
medicines are considered reliable in 70-80 percent of the developing world, consid-

ering the high cost of pharmaceuticals [50].

The United States, China, France, Japan, the United Kingdom, and Italy are
currently the main global markets for medicinal plants. Medicinal plants have
a promising future if they survive. In the world, there are approximately half a
million plants, the bulk of which have yet to be examined in medical practice.
As a result, current and future research on medicinal plants may be useful in the

treatment of diseases [51].
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2.4 Natural Compound in Treatment of Breast

Cancer

Magnolol is a natural compound obtained from stem bark and root of plant Mag-
nolia officinalis is known to prevent angiogenesis and inducing apoptosis [52]. 3,
3/-Diindolylmethane (DIM) is known to inhibit COX -2 expression in breast can-
cer is a natural compound obtained from broccoli, cabbage, and cauliflower [53].
Grape stem extract is rich in quercetin and rutin thus is used in the treatment of

breast cancer [54].

2.5 Artemasia carvifolia

With more than 300 species, Artemisia is a diverse and economically important
genus in the Asteraceae family [55]. The name Artemisia is derived from the
Greek Goddess Artemis, who was regarded as the Protector of the Wild. This
genus produces secondary metabolites and essential oils that are used to treat
various ailments. Artemisias are mostly biannual, perennial, annual herbaceous
ornamental, aromatic plants or shrubs, and medicinal plants. Because of the pres-
ence of sesquiterpene and terpenoids lactones, their coloring is silver-green, dark
green, or blue-green, and they have a sharp smell and bad taste [56]. Artemisia
carvifolia is famous in the west as wormwood. It is a branched annual or biennial
plant that grows 30 to 150cm tall. The plant is cultivated in the wild for use as
a medicine and food in the region. Moist river channels, outer forest margins,
canyons, waysides, and coastal beaches are among its ecosystem, which ranges
in elevation from low to 4,600 meters. One of the significant uses of Artemisia
species is it’s used as a pain reliever. In the plants, the monoterpenes cooperate
with the receptor channel to assuage pain and ache and sesquiterpenes help with

the discomfort.

The plant has the same medicinal properties as A. annua, making it an essential

anti-malarial. The plant is said to protect against malaria and repel mosquitoes.
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It prevents the malaria parasite from maturing in the body. Low-grade fever,
summer heatstroke, tidal fever, chronic diarrhea, phthisis, and purulent scabies

are also treated with it [57].

This plant contains abrotanin which has antipyretic and antiphlogistic properties.
It is commonly used in tropical areas as an effective antimalarial drug. The leave
of this plant is antiperiodic and antiseptic and often used to treat fever, cold,
and diarrhea. The seed of A. carvifolia is used in the treatment of indigestion,
flatulence, and night sweats. It produces allelopathic (secreting chemicals) that
inhibit the growth of other plants in the region [58]. Plant basal stem leaves are
withering, middle stem leaf is 5-10mm long, and elliptical and uppermost leaf is

like pinnatisect and pectinasect as shown in Figure 2.2.

FIGURE 2.2: The figure represents the Artemisia carvifolia plant [59].

2.5.1 Taxonomic Hierarchy

Artemisia carvifolia is the binomial name of the plant belonging to the Asteraceae
family. They are easily grown in an alkaline loamy soil. They are long-lived,
harder, and more aromatic when grown in dry poor soil. It is widely distributed

in different regions of the world. The taxonomic hierarchy is shown in Table 2.3.
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TABLE 2.3: Taxonomic hierarchy of Artemisia carvifolia

Sr. No. Domain Eukarya

1 Kingdom Plantae

2 Subkingdom Tracheobionta (Vascular plant)
3 Division Magnoliophyta (flowering plant)
4 Class Magnoliophyta (Dicotyledons)

5 Subclass Asteridae

6 Order Asterales

7 Family Asteraceae

8 Genus Artemisia

9 Specie A carvifolia

2.6 Anti-Cancer Mechanism of Action of Bioac-

tive Constituent of Artemisia Species

Quercetin is known to induce apoptosis, prevent proliferation and metastasis and
inhibit signal transduction in tumor cells. Quercetin also causes arrest in the cell
cycle at the G2/M phase by causing downregulation of cyclin D1 [60]. Artesunate
is also known to inhibit cell proliferation in breast cancer and is known to induce
reactive oxygen species-dependent arrest at G1 and G2/M phase and apoptosis
[61]. Artemisinin is also known to have anti-cancer properties and it causes cell
cycle arrest and inhibits proliferation by decreasing the protein level of CDK2,

transcriptional factor, and cyclin-dependent kinases [62].

2.7 Targeted Protein

3 different types of receptor proteins are used as targeted proteins for the molecular

docking process such as estrogen receptor, HER2, and progesterone receptor.
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2.7.1 Estrogen Receptor

Breast cancer development is linked to the estrogen receptor and estrogen signaling
as the majority of breast cancer begins as estrogen-dependent. Estrogens are
thought to play a key role in the proliferation of both normal and cancerous
breast epithelial cells. Estrogen has been associated with enhanced breast cancer

risk during postmenopausal years.

Research evidence has also shown a reduced risk of breast cancer with increase
estrogen exposure during premenopausal years, childhood, by inducing the ex-
pression of DNA repair gene and by altering mammary gland development [63]
[64]. Concerning increased risk, estrogen either act as a promoter by enhancing
the growth of existing transformed cell or an initiator by inducing the genetic
transformation. ER« is a major estrogen subtype that is involved in the progres-

sion of breast cancer [65].

The ER has an AF1 domain at the N-terminus, a DNA-binding domain at the C-
terminus, and a ligand-binding region at the C-terminus with an AF2 domain [66].
The binding of estrogen to ERa , translocate the complex to the nucleus which in
turn binds the responsive element of the promoter thus stimulate nuclear signaling
[67]. ER signaling is considered complex as it involves many coregulatory proteins
and extranuclear actions [68]. ER co-regulatory proteins have been shown to alter
their functions in tumor cell lines leading to tumor progression [69]. Loss of breast
cancer progression is associated with the loss of expression of E-cadherin which
results from down-regulation of ER- coregulatory signaling [70]. Thus, ERa and

ER coregulators modulate the expression of genes involved in metastasis.

ERa extranuclear signaling is associated with enhancing breast cancer cell motility
and metastasis by stimulation of mitogen-activated protein kinase, protein kinase
C, Src kinase, and phosphatidylinositol 3 kinase [71]. Since ER signaling pathways
play a significant role in breast cancer metastasis, many therapies using non-
endocrine and endocrine drugs are targeted against signaling pathways which may

have a therapeutic effect and delay the metastasis process.
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2.7.2 HER2

HER 2 belongs to the receptor family which is involved in signaling in the cancer
cell. In normal cell activation of this family of tyrosine kinase receptors activates
a complex pathway of signals that regulate differentiation of normal cell, its motil-
ity, growth, and adhesion [72]. The HER2 proto-oncogene produces pl185HER2, a
185 kDa glycoprotein that is trans membranal with innate tyrosine kinase activity.
Activation of HER1, HER2, and HERS3 receptors by ligand results in heterodimer-
ization and activation of HER 2. It acts as a heterodimerization partner with other
receptors. HER 2 receptors are more expressed in carcinoma of the breast and its
upregulation leads to tumor progression and metastasis. This receptor is overex-

pressed in up to 40% of cancer of the breast.

Overexpression of the HER2 gene, which is present in around 30% of ovarian
and breast carcinomas, activates the survival pathway PI3K, which promotes the
proliferation of cells by inhibiting the process of apoptosis [73]. HER2 family
members secrete basement membrane degrative enzymes, which facilitate inter-
action between the tumor cell and its escape [74]. In addition, the interaction
of HER2 with the integrin recruits the P13 pathway which causes the release of
molecules that recruits multiprotein complexes which causes tumor cell migra-
tion [75]. Several therapies have been designed against HER2 which involve the
use of (1) Growth inhibitory antibodies (2) Tyrosine Kinase inhibitors (3) Active
immunotherapy [76]. Herceptin is a HER2-specific antibody whose antitumor ef-
fectivity is based on its ability to cause degradation of HER2 by undergoing Cbl

depended on endocytosis.

2.7.3 Progesterone Receptor

Progesterone is a hormone that is steroidal and involves the normal development
of the Breast. Progesterone plays its role in the differentiation and proliferation of
breast cells. The critical role of the steroidal hormone in the progression of breast

cancer was first observed by George Beatson.PR not only acts as a transcription
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regulator but also activates many signal transduction pathways which cause prolif-
eration in the breast. PR extranuclear action also activates many protein kinases
such as MAPK and c-Src leading to increase cell growth. PR targeted gene WNT1
causes metalloprotease production and cleavage of heparin-binding EGF molecule.
PR-dependent activation of EGFR causes sustained cyclin D1 expression, MAPK

activation, and an increase in cell survival and proliferation [77].

2.8 Molecular Docking

Over the past three decades, molecular docking has been used to design drugs
with the aid of computers and to find various structures in molecular biology.
Docking is preferred when conducting virtual screening on compounds in databases
or libraries for analysis of their functions; findings can be easily labeled, and one
of the docking’s key roles is to provide analysis of how the ligand interacted with
the protein, locking it for optimizing lead compounds for drug production [78].
Protein and ligand docking are a crucial field of molecular docking that has gained
a lot of attention and praise because of their role in structure-based drug design.
The most widely used algorithms in molecular docking are molecular dynamics,
distance geometry process, and genetics algorithm, among others, and the most
used software for molecular docking is Auto Dock vina, Auto Dock, CB Dock, and

ICM, among others [79].

The docking result provides an interaction score, and the precision of the scoring
function makes docking more accurate for predicting ligand pose and, as a result,
determining the ligand’s binding site. It then predicts the binding affinity, which
leads to the discovery of a new lead drug in combination with the target protein

[30).
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Materials And Methods

3.1 Selection of Disease

Breast cancer is the most common cancer in women, accounting for one-fourth
of all cancers in women. It poses a major threat to public health. Extremely
precise targeted treatments have been developed due to rapid breakthroughs in
molecular biology and immunotherapy. The estrogen, progesterone, and HER2
receptor, play an essential part in normal breast development and is present in
most breast cancer subtypes. Thus, for this purpose, they provide potential target
sites for drug treatment [81]. The greatest current challenge for breast cancer
treatment is to create a winning strategy that is successful against various subtypes
of breast cancer while still having limited side effects. Natural-derived compounds
are gaining science and academic interest because they are believed to have less

toxic side effects than conventional therapies like chemotherapy.

3.2 Selection of Proteins

The structure of estrogen, progesterone, and HER2 receptors was taken from Pro-
tein Data Bank (PDB). The PDB archive is the only site where you can learn
21
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about the three-dimensional structure of large biological molecules like proteins

and nucleic acids [82].

3.3 Primary Sequence Retrieval

The primary sequence of target proteins (Estrogen, Progesterone, and HER2 re-
ceptors) were obtained in FASTA format from UniProt Database with accession

number P03372, P06401, P04626 respectively (https://www.uniprot.org) [83].

3.4 Analysis of Physiochemical Properties

The function of proteins is primarily determined by their physiochemical proper-
ties. These Properties were predicted using ProtParam. Mol. weight, number of
amino acids, isoelectric point, instability index, grand average of hydropathicity
(GRAVY), number of negatively charged residues (Asp + Glu), number of posi-
tively charged residues (Arg + Lys), Aliphatic index, and amino acid and atomic

composition were all investigated using the ProtParam tool of ExPASy [84].

3.5 Cleaning of the Downloaded Proteins

The extra constituents attached to the proteins must be extracted after down-
loading the protein structures, which was achieved using the open-source system

Pymol [85].

3.6 Functional Domains of Target Proteins

InterPro, a database that can analyze a protein and provide information about the

families, functional sites, and domains of the protein, was used to determine the
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domains of the target protein [86]. The polypeptide binding sites and homodimer

interfaces were obtained by inserting the receptor protein FASTA sequence.

3.7 Selection of Active Metabolic Ligands

The ligands that have already shown antiviral, antioxidant, and antimalarial prop-
erties were chosen. Terpenes, sterols, monoterpenes, phenolic compounds, flavonoids,

sesquiterpenes, coumarins, and monoterpenes are among them [87].

3.8 Ligands Preparation

The 3-dimensional structures of all of the above ligands were downloaded from
the PubChem database. The National Center for Biotechnology Information man-
ages PubChem, a database that contains information about chemical compounds
(NCBI). The data is correlated with chemical names and molecular formulas, 3D
or basic structures, their isomers, and canonic structures [88]. The structures of
the ligands which were obtained from PubChem were downloaded and then the
ligands MM2 energy was minimized by using Chem3D ultra. In the end, the SDF

format was selected to save the energy minimized structures of the ligands.

3.9 Molecular Docking

To interpret docking effects, the interaction of the ligand’s active pockets with the
protein was measured. Ionic bonding, hydrogen bonding, and hydrophobic bond-
ing are the three types of interactions investigated. CB-dock (Cavity detection
directed blind docking) was used to perform molecular docking between the pro-
tein and the ligand. CB Dock automatically locates docking positions. CB-Dock
is a docking method for proteins and ligands that measures the bonding sites, their

duration, and their center [89].
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3.10 Visualization of Docking Results via PyMol

Over the past few years, the PyMol has emerged as an efficient molecular tool
of visualization. The graphics and its ability to view 3D structures have been

extraordinary [90].

PyMol provides a plugin that can access the results and make their visualization
clearer so that the docking results can be easily studied. The pictures of the
docking result can be captured also. The docking results were saved in PDB
formats throughout the process and were saved in PDB formats after visualization

in PyMol.

3.11 Analysis of Docked Complexes via LigPlot

Once the docked complexes were obtained with the lowest vina score, the analysis
of docking complexes was the next step. The complexes were stored as a PDB file.

The program LigPlot was used to perform this research.

The schematic diagrams of the protein and ligand interactions were created auto-
matically for the given PDB file format. The hydrophobic and hydrogen bonding
interactions were studied using LigPlot. LigPlot provides a 2D representation of

the protein-ligand complex using this tool [91].

3.12 Ligands ADMET Properties

In general, a more effective drug discovery needs a lead that is more like the drug.

The compounds were then tested for drug score, drug similarity, and toxicity.

The ADMET, or Absorption, Distribution, Metabolism, Excretion, and toxicity,
of the human body, can be optimized using the pkCSM [92].
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3.13 Lead Compounds Analysis and Toxicity Mea-
surement

The most active inhibitors were discovered after a careful study of proteins and

ligands interactions, docking ratings, and toxicity studies. Our lead compounds

are the ones we’ve chosen. After applying the rule of 5, the lead compound is

defined.

1. The log value of the drug-like compound must be limited to 5.
2. The molecular weight of the compound should be less than 500.
3. The hydrogen bond acceptor’s number should be ten.

4. Hydrogen bond donors’ number should be five.

Once any compound fits these rules, it is selected as a lead compound [92].

3.14 Selection of Standard Drugs against Breast
Cancer

Standard drugs against breast cancer were selected based on docking values, phys-

iochemical properties and ADMET properties [93].

3.15 Comparison of Standard Drugs and Lead

Compounds

The comparison between standard anti-cancer drugs and the proposed lead com-
pounds was done by comparing docking values, physicochemical properties, and

ADMET properties.
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FIGURE 3.1: The methodology flow chart
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Results and Discussion

4.1 Structure Modeling

4.1.1 Primary Sequence Retrieval

The primary sequence of target proteins (ER, HER2, and PR) were taken in
FASTA format from the Uniprot database (http://www.uniprot.org) under acces-
sion number P03372, P04626 and P06401 and residues length 595,1255, and 933

respectively.

>splP03372[ESR1_HUMAN Estrogen receptor OS=Homo sapiens OX=9606 GN=ESR1 PE=1 §V=2
MTMTLHTKASGMALLHQIQGNELEPLNRPQLKIPLERPLGEVYLDSSKPAVYNYPEGAAYEFNAAAAANA
QVYGQTGLPYGPGSEAAAFGSNGLGGFPPLNSVSPSPLMLLHPPPQLSPFLQPHGQQVPYYLENEPSGYTVR
EAGPPAFYRPNSDNRRQGGRERLASTNDKGSMAMESAKETRYCAVCNDYASGYHYGVWSCEGCKAFFK
RSIQGHNDYMCPATNQCTIDENRRKSCQACRLRKCYEVGMMEGGIRKDRRGGRMLKHERQRDDGEGRG
EVGSAGDMRAANL WPSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNL
ADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGL VWRSMEHPGKLLFAPNLLLDRNQGKCV
EGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMA
KAGLTLQQQHQRLAQLLLILSHIRHMSNKGMEHL Y SMKCKNVVPLYDLLLEMLDAHRLHAPTSRGGASV
EETDQSHLATAGSTSSHSLQKYYITGEAEGFPATV

>zp|P04626[ERBEE2_HUMAN Receptor tyrosine-protein kinase erbB-2 OS=Homo sapiens OX=0606GN=EREE2
PE=1 3Vv=1

MELAALCRWGLLLALLPPGAASTQVCTGTDMELELPASPETHLDMLEHLYQGCQVVQGINL
ELTYLPTNASLSFLODIQEVQGY VLIAHNQVREQVPLQRLRIVEGTQLFEDNYALAVLDNGDPLNNTTPVTG
ASPGGLRELQLESLTEILEGGVLIQENPQLCYQDTILWKDIFHENNQLALTLIDTNRSRACHPCSFPMCEGSR
CWGESSEDCQSLTRTVCAGGCARCKGPLFTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVT
YNTDTFESMPNPEGRYTFGASCVTACPYNYLSTDVGECTLVCPLHNQEVTAEDGTQRCEECSKPCARVCY
GLGMEHLREVEAVTSANIQEFAGCEKIFGELAFLPESFDGDPASNTAPLQFEQLOVFETLEEITGYLYISAWE

27
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DELPDLEVFQNLOVIRGRILHNGAYSLTLQGLGISWLGLESLREELGSGLALIHHNTHLCFVHTVPWDQLFEN
PHQALLHETANRPEDECVGEGLACHQLCARGHCWGPGPTQCVNCEQFLRGQECVEECRVLOQGLFREYVNA

RHCLPCHPECQPQNGSVICFGPEADQCVACAHYKDPPFCVARCPSGVEPDLSYMPIWEKFPDEEGACQPCFPIL
NCTHSCVDLDDEGCPAEQRASPLTSIISAVVGILLVVVLGVVFGILIKRRQOEIRKYTMRRILLOETELVEFPLT
PSGAMPNQAQMRILEETELEEVEVLGSGAFGTVYKGIWIPDGENVEIPVAIEVLRENTSPEANKEILDEAY

VMAGVGEPYVSELLGICLTSTVOLVTOLMPY GCLLDHVEENRGRLGSQDLLNWCMQIAEGMSYLEDVEL

VHEDLAARNVLVESPNHVEITDFGLARTILDIDETEYHADGGEVPIEWMALESILEERFTHQSDVWEYGVT

VWELMTFGARPYDGIPAREIPDLLEKGERLPQPPICTIDVY MIMVECWMIDSECRPRFRELVSEFSRMARDE
QREFVVIQNEDLGPASPLDSTFYRSLLEDDDMGDLVDAEEYL VPQQGFFCPDPAPGAGGMVHHERHRSSSTRS
GGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAARGLQSLPTHDPSPLQRYSEDPTVPLPSETDG
TVAPLTCSPQPEY VNQPDVEPQPPSPEEGPLPAARPAGATLERPETLSPGENGVVEDVFAFGGAVENPEYL

TPQGGAAPQPHPPPAFSPAFDNLY Y WDQDPPERGAPPSTFEGTPTAENPEYLGLD VPV

>ap|P06401PRGE_HUMAN Progesterone receptor O5=Homo sapiens OX=09606 GN=PGE PE=1 §V=4
MIELEAKGPRAPHVAGGPPSPEVGEPLLCEPAAGPFPGEQTSDTLPEVSAIPISLDGLLFFRPCQGODPSDEK
TQDQQSLEDVEGAYSRAEATRGAGGESSSPPEEDSGLLDSVLDTLLAPSGPGQSQPSPPACEVISSWCLFGP
ELPEDFPAAPATORVLEPLMSRSGCEVGDSSGTAAAHEKVLPRGLEPARQLLLPASESPHWEGAPVEPEPOA
AAVEVEEEDGSESEESAGPLLEGEPRALGGAAAGGGAAAVPPGAAAGGVALVPKEDSEFSAPRVALVEQ
DAPMAPGRSPLATTVMDFIHVPILPLNHALLAARTRQLLEDESYDGGAGAASAFAPPRSSPCASSTPVAVG
DFPDCAYFPDAEPEDDAYPLYSDFQPPALKIKEEEEGAEASARSPRSYLVAGANPAAFPDFPLGFPFFLPPRA
TPERPGEAAVTAAPARARVEEARSSGETLECILYEAEGAPPQOGFFAPPPCEAPGASGCLLPEDGLPSTSASA
AAAGAAPALYPALGLNGLPQLGY QAAVLEEGLPQVYPPYLNYLRPDSEASQSPQYSFESLPQKICLICGDE
ASGCHYGVLTCGSCEVFFERAMEGQHNYLCAGRNDCIVDEIRRENCPACRLRECCQAGMVLGGREFKKF
NEVEVVRALDAVALPOPVGVPNESQALSQRFTFSPGQDIQLIPFLINLL MSIEPDVIYAGHDNTEPDTSSSLL
TSLNQLGERQLLSVVEWSKSLPGFENLHIDDQITLIQYSWMSLMVFGLGWESYEKHVSGOMLYFAPDLILNE
QRMEESSFYSLCLTMWQIPQEFVELQVSQEEFLCMEVLLLLNTIPLEGLRSQTQFEEMESSYIRELIKAIGLR
QEGVVSSSQRFYQLTELLDNLHDLVEQLHLYCLNTFIQSRALSVEFPEMMSEVIAAQLPKILAGMVEPLLF
HEKK

Estrogen receptor, HER 2, and progesterone receptor were selected as the target
proteins as they are considered breast cancer progression markers. Estrogen re-
ceptor has been associated with enhanced breast cancer risk by either acting as a
promoter or an initiator by inducing genetic changes [65]. HER2 is more expressed
in breast carcinoma and its upregulation results in tumor metastasis and progres-
sion [72]. Progesterone receptors play a role in the differentiation and proliferation

of breast carcinoma [77].

4.1.2 Physiochemical Characterization of ER, HER2, PR

ProtParam is a tool of Expasy which is used online for calculating various physical
and chemical parameters for a protein recorded in Swiss-prot or TrEMBL, as well
as a user-entered protein sequence. The molecular weight, amino acid composi-
tion, theoretical pl, atomic composition, extinction coefficient, estimated half-life,
instability index, aliphatic index, and grand average of hydropathicity are among

the calculated characteristics (GRAVY) [84].
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The calculated pl greater than 7 represents the basic nature of the protein while
less than 7 shows the acidic nature of the protein. The extinction coefficient
represents light absorption. Instability index if less than 40 shows the stability
of the protein while greater than 40 indicates the instability of protein [94]. The
physicochemical properties of ER, HER2, and PR are shown in Tables 4.1, 4.2,

and 4.3 respectively.

The aliphatic index represents the aliphatic content of a protein. The high value of
the aliphatic index indicates the thermostability of the protein. Molecular weight
includes both positive and negative charged residues of the protein. At 280nm
the ranging extinction coefficient of 73980, 67965, 20105, and 112270 indicates
Tyr and Trp high concentration [95]. Low GRAVY shows better interaction with
water molecules. All these parameters which are selected for this research work

are taken according to previous research work.

Results from Table 4.1, reveal that the protein estrogen receptor has a molecular
weight of 66216.00 which is the collective weight of both negative and positive
amino acid residues and pl is 8.30 which indicates that protein is basic. The
values of light absorption in term of extinction coefficient is 62520 and 61770. The
aliphatic index shows that protein is thermostable. Low GRAVY value showed

that estrogen receptors show better interaction with water molecules.

TABLE 4.1: Physiochemical Properties of Human Estrogen receptor.

MW PI NR PR
66216.00 8.30 60 64
Ext. Ext. Instability Aliphatic
GRAVY
Col Co2 index index
62520 61770 45.88 80.39 -0.354

Results from Table 4.2, reveal that the protein HER 2 has a molecular weight of
137910.50 which is the collective weight of both negative and positive amino acid



Results and Discussion 30

residues and pl is 5.58 which indicates that protein is acidic. The values of light
absorption in term of extinction coefficient is 138275 and 134650. The aliphatic
index shows that protein is thermostable. The low GRAVY value showed that

HER 2 show better interaction with water molecules.

TABLE 4.2: Physiochemical Properties of HER 2.

MW PI NR PR
137910.50 5.58 142 110
Ext. Ext. Instability Aliphatic
GRAVY
Col Co2 index index
138275 134650 56.13 82.35 -0.247

Results from Table 4.3 reveal that the progesterone receptor has a molecular weight
of 98981.14 which is the collective weight of both negative and positive amino acid
residues and pl is 6.09 which indicates that protein is acidic. The values of light
absorption in term of extinction coefficient is 68770 and 67270. The aliphatic index
shows that protein is thermostable. Low GRAVY value showed that progesterone

receptor shows better interaction with water molecules.

TABLE 4.3: Physiochemical Properties of progesterone receptor.

MW PI NR PR
98981.14 6.09 90 83
Ext. Ext. Instability Aliphatic
GRAVY
Col Co2 index index
68770 67270 64.44 81.76 -0.177

MW stands for molecular weight, pl for theoretical isoelectric point (pH at which
protein is neutral, without any charge), NR for the total number of negatively
charged residues (Asp + Glu), PR for the total number of positively charged

residues (Arg + Lys), Ext.Col for extinction coefficients when assuming all pairs
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of Cys residues form cystines, Ext.Co2 for extinction coefficients when assuming

all Cys residues are reduced, and GRAVY for a grand average of hydropathicity.

4.1.3 3D Structure Predictions of Proteins

3D Structures of targeted proteins were downloaded from RCSB PDB in PDB
format. Protein Data Bank is a three-dimensional database of complex molecules
of living organisms, such as proteins and nucleic acids. The 3D Structures of estro-
gen receptor, HER2, and progesterone receptor were obtained from PDB named as
3dt3,504g and le3k respectively and under accession number 10.2210/pdb3DT3/pdb,
10.2210/pdb504G/pdb and 10.2210/pdb1E3K /pdb respectively (Figure 4.1-4.3).
The ER LBD structure obtained is already attached with ligand GW368 as shown
in Figure 4.1 which needs to be removed for further processing. ER LBD is ar-
ranged in the antiparallel alpha-helical sandwich fold, having 11 helices namely
H1-H12 arranged in a 3-layered sandwich structure. The helixes H4, H5, H6, HS,
H9 are flanked by H1, H3 on one side and by H7, H10, H11 on the other side [66].

FIGURE 4.1: Human estrogen receptor alpha LBD with GW368.

HER 2 structure obtained is already in complex with Herceptin Fab as shown in
Figure 4.2. HER 2 ECD contains a small percentage of alpha-helical structure

with a mixture of sheets and turns in protein structure [73].
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FiGure 4.2: HER2 in complex with Fab MF3958.

The structure of PR LBD is obtained in complex with ligand metribolone as shown
in Figure 4.3. PR LBD has three layered globular structures consisting of 12 alpha
helices and 1 beta-turn. Helix 12 is found in different orientations based on the
nature of ligand-bound. If the bound ligand is agonist, helix 12 act as a lid and
closes the LBD whereas when bound to antagonist helix 12 open the entrance of

LBD [77].

FIGURE 4.3: Human progesterone receptor LDB in complex with the ligand
metribolone

4.1.4 Functional Domain Identification of Proteins

The functional domain of a protein is the region of the protein that interacts with
other molecules. Proteins can have multiple functional domains, each of which

performs a separate function. The N-terminal domain, DNA binding domain,
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FIGURE 4.4A: Functional domain of ER [96].

ER,
1 180 263 302 552 595
AF1 hinge AF2
ERg
1 144 227 255 504 530
AF1 hinge AF2

FIGURE 4.4B: Functional domains of ER with residue length [97].

and ligand-binding domain of the estrogen receptor have residue lengths of 1-180,

180-263, and 302-552, respectively.

NTD and LBD both have two activation domains (Figure 4.4). Different domains
are indicated in different colors in the diagram: N'TD stands for an amino-terminal
domain is highlighted in red; DBD stands for DNA binding domain in green; LBD

stands for a ligand-binding domain in yellow color [96].

HER 2 has an external ligand-binding domain, a transmembrane domain, a jux-
tamembrane domain, and an intracellular region that can interact with a variety
of signaling molecules and can be ligand-dependent or ligand-independent (Fig-
ure 4.5). The ECD further consists of 4 subdomains, subdomain 1 on binding to

ligand binds to subdomain 3 which causes conformational changes in subdomain
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FIGURE 4.5A: Functional domains of HER2 [98].
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FIGURE 4.5B: Functional domains of HER2 with residue length [99.

2 leading to receptor kinase activation and dimerization. Domains 2 and 4 are

further involved in disulfide bond formation [98].
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FIGURE 4.6: Functional domains of PR with residue length [99].

PR has a variable N-terminal domain, a highly conserved DNA binding domain,
and a moderately conserved ligand-binding domain (LBD), each with residue
lengths of 1-552, 552-632, and 687-933 respectively as shown in Figure 4.6 and
Table 4.4 [99].
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TABLE 4.4: Functional domain identification of ER, HER 2, and PR.

Sr. No.

Name Domains

Start End

N -terminal,

ER DNA binding domain,

ligand-binding domain.

Extracellular ligand-
binding domain,

HER 2

juxtamembrane domain,

an intracellular domain

N-terminal domain,

PR DNA binding domain,

ligand-binding domain

Transmembrane domain,

1,180,302 180,263,522

162,653,731

641,675,906

1,552,687 952,632,933

4.1.5 Templates Selection

Protein data bank contains a large amount of protein-ligand complex, especially

for the protein target [82].The 3 D structures of the selected templates were taken
from the protein data bank (PDB) and listed in Table 4.5.

TABLE 4.5: Selected PDB Templates Structures

Sr. No. Templates Resolution PDB ID Structure
Human Estrogen

1 receptor alpha 2.40 3DT3
LBD with GW368.
HER2 in complex

2 3.00 A 504G

with Fab MF3958.
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Human progesterone

receptor Ligand

Binding Domain in i ‘.’3“-5-’:%
3 & 2.80 A 1E3K ,@ui‘gﬁ‘-«{g
complex with the ,!j; 1

ligand metribolone

(R1881).

4.1.6 Structure of Proteins Refined for Docking

The extra constituents attached to the proteins must be extracted after download-
ing the protein structures, which was achieved using Pymol [85]. The structures
of proteins downloaded were already bound to some other ligands which need to
be removed for further processing. The selected 3D structures were refined for

docking and are shown in Figures 4.7, 4.8 & 4.9 respectively.

FIGURE 4.7: Refined 3D Structure of estrogen receptor.

4.2 Ligands Selection

The selection of ligands is based on the best resolution of the structure, the chem-
ical class of the co-crystal ligand bound to the protein structure, and the best

binding affinity. Conformational selection is a process in which ligand selectively
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FIGURE 4.9: Refined 3D Structure of progesterone receptor.

binds to one of these conformers, strengthening it and increasing its population
for the total population of the protein is ultimately resulting in the final observed
complex. PubChem, the world’s biggest freely accessible chemical information
library, was used to find ligands (compounds of the chosen plant). Their 3-D
structures were downloaded in SDF format from PubChem. Selected ligands were
representing all the classes of compounds like phenols, terpenoids, essential oils,
and steroids, etc. The 3 D structures and information of selected ligands that
were Arteannuin B, Artemether, Artemisinin, Artesunate, Artenimol, Artemisone,
Chrysosplenol D, Kaempferol, Luteolin, Isoquercetin, Quercetin, Rutin, Gallic

acid, Dihydroartemisinin, and Caffeic acid were downloaded from PubChem [100].
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After selection of ligands, energy minimization of ligands was done which was
carried out by chem pro software (chem 3D v 12.0.2). This was a mandatory
step in the preparation of ligands for docking because unstable ligands will show
unreliable vina scores in docking results [101]. Bioactive antioxidant compounds
of Artemisia carvifolia were selected as ligands for the present study and are listed

in Table 4.6.

TABLE 4.6: Selected Ligands with Structural Information.

Molecular
Molecular
Sr. No. Name Weight Structure
Formula
g/mol
/
1 Artenimol Cl5H2405 284.35 T |
2 Artemisone C19H3:NOgS 401.5 -
ol
3 Arteannuin B C15Ho005 248.32 g
4 Caffeic acid CoHgOy 180.16
)
5 Artemether Ci16H2605 298.3 - |
6 Isoquercetin Co1H30019 464.4 S
7 Gallic acid C-HgO5 170.12

8 Rutin CQ7H30016 610.5 .
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4.3 Applicability of Lipinski’s Rule

Drug-like and non-drug-like substances are distinguished by using Lipinski’s rule

of five and the ADMET characteristics test [92]. The original rules of five deal with

four physicochemical factors connected with orally active chemicals (MWT 500, log
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P 5, H-bond donors 5, H-bond acceptors 10) [102]. A compound is considered to

have drug-likeness if it is complying with three or more of the RO5. If a compound

violates more than two of these rules, it is assumed to be poorly absorbed [103].

Table 4.7 showed the applicability of Lipinski’s rule of five on selected ligands. All

ligands follow these rules. There is one ligand that complying with only 1 rule

that is Rutin. Rutin has M.W 610 Dalton, 16 H-bond acceptors, and 10 H-bond

donors. Rutin is not considered to have a drug-likeness.

TABLE 4.7: Applicability of Lipinski Rule on Ligands.

Sr. No. Ligand logP Molecular H-Bond H-Bond
Value Weight Acceptor Donor

1 Artemisinin 2.3949  282.336 g/-mol 5 0

2 Artemether 2.8408  298.379 g/-mol 5 0

3 Artesunate 2.6024 384.425 g/-mol 7 1

4 Dihydroartemisinin = 2.4633  266.337 g/-mol 4 0

5 Arteannuin B 2.4518 248.322 g/-mol 3 0

6 Artenimol 2.1867 284.352 g/-mol 5 1

7 Artemisone 1.9248  401.5 g/-mol 7 0

8 Quercetin 1.988 302.238 g/-mol 7 )

9 Isoquercetin -.5389  464.379 g/-mol 12 8

10 Rutin -1.6871 610.521 g/-mol 16 10

11 Gallic acid 0.5016 170.12 g/-mol 4 4

12 Kaempferol 2.2824  152.237 g/-mol 6 4

13 Chrysosplenol D 2.6026  360.318 g/-mol 8 3

14 Luteolin 2.2824  286.239 g/-mol 6 4

15 Caffeic acid 1.1956  180.159 g/-mol 3 3

4.3.1 Toxicity Prediction

PkCSM is an online tool used to discover the ADMET properties of bioactive

compounds and drugs. By using this tool, we will determine the toxicity of selected
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ligands [92].

AMES toxicity test is used to test the mutagenic potential of the compound by
using bacteria. If it shows a positive response, then the ligand is mutagenic which

can also act as a carcinogen.

The maximum tolerated dose (MRTD) provides a measure of toxic chemical limits
on individuals. This will help in directing the first recommended dose of the
treatment regimen in phase 1 clinical trials. MRTD is expressed in the form of
logarithms (log mg/kg/day). In a given compound MRTD less than or equal to
0.477log (mg / kg / day) is considered lower, whereas MRTD greater than 0.477log
(mg / kg / day) is considered higher [104].

The hERG I & II inhibitors model determines the potential of any compound to
cause the inhibition of potassium channels induced by the h ERG (human ether-
a-go-go gene). An inhibitor of these channels could probably lead to chronic QT
syndrome and on a long-term basis the person could develop fatal ventricular
arrhythmia. Many pharmaceuticals have been withdrawn from the market due to

the blockage of hERG channels.

The LDs5q value of a chemical is the amount that kills 50% of experimental animals
(mice). It predicts the toxicity of a probable compound whereas LOAEL aims
to identify the lowest dosage of a compound with a significant adverse effect.
Exposure to low to moderate chemical doses for a long time is very important in

medicine and is expressed in a log (mg / kg-bw / day) [104].

Hepatotoxicity reveals a drug that can cause liver damage and is a major drug
development safety concern. Skin sensitivity is a potential adverse effect of skincare
& applied products. T. pyriformis is a protozoan bacteria, whose toxin is often
used as a toxic endpoint (IGCjsg) and inhibits 50% growth. In log ug / L, plGCsq
(negative concentration logarithm required to halt 50% growth) anticipated value

> - 0.5 log ug / L is hazardous.

The lethal concentrations (LCsq) show the number of molecules required to kill

50 percent of Flathead Minnows (small bait fishes). LCso values below 0.5 m M
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(log LC5¢ below 0.3) are considered significant acute toxicity in Minnow poisoning

[104]. Toxicity predicted values of selected ligands are listed in Tables 4.8 to 4.22.

4.3.1.1 Arteannuin-B

Arteannuin B is non-carcinogenic, and it shows low Max. tolerated dose. It
is a supporter of potassium channels and is non-hepatotoxic. The compound is
considered toxic against T. pyriformis (might not be harmful to human cells) but
nontoxic to Minnow. Toxicity predicted values of arteannuin B are shown in Table

4.8. The toxicity properties of arteannuin B were previously reported by Zarina

Khurshid in 2021 [105].

TABLE 4.8: The Toxi