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INTRODUCTION

1. INTRODUCTION

Cancer is one of the most dangerous disorders worldwide. Cancer arises from
the transformation of normal cells into tumour cells in a multistage process that
generally progresses from a pre-cancerous lesion to a malignant tumour. These
changes are the result of the interaction between a person's genetic factors and three

categories of external agents, including:

» Physical carcinogens, such as ultraviolet and ionizing radiation

» Chemical carcinogens, such as asbestos, components of tobacco
smoke, aflatoxin, and arsenic and

> Biological carcinogens, such as infections from certain viruses,

bacteria, or parasites!

It is the condition in which abnormal cells divide without control and can
invade nearby tissues. Cancer cells can spread to other parts of the body through the

blood and lymph systems.

Cancer is also a genetic disorder caused by changes in genes that control the

way normal cells function, especially how they grow and divide.

The genetic changes that contribute to cancer tend to affect three main types of

genes. They are

» Proto-oncogenes,
» Tumor suppressor genes, and

> DNA repair genes. 2
1.1 TYPES OF CANCER

There are various types of cancer which are named after their location of
development (i.e) organ or tissue from which the cancer develops for example: Breast
cancer, Colon cancer, Lung cancer, Hepatocellular Carcinoma etc., Even if the cancer
spreads to other parts of the body and form secondary carcinomas they will be named

after its primary cancer location.
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INTRODUCTION

Cancer can be broadly classified into many types based on the type of cell on

which the cancer occurs. They are
1.1.1 CARCINOMA

This is the most common type of cancer. It develops mainly from the
epithelial cells. Based on the specific epithelial cell carcinoma is of different types
like,

» Adenocarcinoma — if formed in epithelial cells that produce fluid or
mucus. eg) Breast, Colon and Prostate are adenocarcinomas.

» Basal cell carcinoma — if formed in the lower or basal layer of
epidermis.

» Squamous cell carcinoma — if formed in squamous cells.

» Transitional cell carcinoma — if formed in transitional epithelium or
urothelium. Eg) Bladder or kidney cancers are transitional cell

carcinoma.

1.1.2 SARCOMA

These types of cancer forms in bones, joints and soft tissues EQ)
Osteosarcoma, liposarcoma, Kaposi sarcoma, etc.,

1.1.3 LEUKEMIA
It is the type of cancer which is formed in blood forming tissues. These are not

solid tumors.

1.1.4 LYMPHOMA
It is formed in lymphocytes (T or B cells). Two main types of lymphoma are

Hodgkin lymphoma and Non-Hodgkin lymphoma.

1.1.5 MULTIPLE MYELOMA

It forms in plasma cells. The abnormal plasma cells are called myeloma cells.

1.1.6 MELANOMA
It is the cancer formed in melanocyte cells. Mostly melanomas forms in skin

but can also form in pigmented tissues like eye.
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1.1.7 BRAIN AND SPINAL CORD TUMORS
The cancers of brain and spinal cord are classified based on the specific cells.

Eg) Astrocytic tumor.
1.1.8 GERM CELL TUMOR

If formed in the germ cells (the cells that forms sperm or eggs)

1.2 CANCER PREVALENCE AND INCIDENCE

Cancer is the second most common disease in India responsible for maximum

mortality with about 0.3 million deaths per year.P!

According to IARC (International Agency for Research on Cancer), WHO
report on September 2018, “Cancer burden rises to 18.1 million new cases and 9.6

million cancer deaths in 2018”. The most common cancers are:
Lung (2.09 million cases)
Breast (2.09 million cases)
Colorectal (1.80 million cases)
Prostate (1.28 million cases)
Skin cancer (non-melanoma) (1.04 million cases)
Stomach (1.03 million cases)

As per Indian population census data, the rate of mortality due to cancer in
India was high and alarming with about 806,000 existing cases by the end of the last

century.

Breast cancer is the first common cancer in females with prevalence rate 25.8
per 100,000 women and mortality rate 12.7 per 100,000 women in India. The age
adjusted incidence rate was 41 per 100,000 for Delhi, 37.9 per 100,000 for Chennai,
34.4 per 100,000 for Bangalore. It was projected that as the prevalence of breast

cancer may go upto 1797900 cases in India. [
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Around one third of deaths from cancer are due to the 5 leading behavioral and
dietary risks: high body mass index, low fruit and vegetable intake, lack of physical

activity, tobacco use, and alcohol use. [
1.3 BREAST CANCER

Lung, prostate, colorectal, stomach and liver cancer are the most common
types of cancer in men, while breast, colorectal, lung, cervix and thyroid cancer are

the most common among women. E!

Breast cancer is the second most common cancer in women. It is a cancer that

forms in the cells of breasts.
1.3.1 SIGNS AND SYMPTOMS
Symptoms of breast cancer include

Lump in the breast,
Bloody discharge from the nipple,
Changes in the shape or texture of the nipple or breast,

Breast discomfort,

vV V VYV V V

Inverted nipple etc.,
1.3.2 RISK FACTORS

= Age (Risk increases with increase in age above 60 years)

= Personal history of invasive breast cancer, Ductal Carcinoma
insitu (DCIS) or Lobular Carcinoma insitu (LCIS), Benign
Breast disease

= Heredity

= Dense breast

= EXposure to oestrogen

= Hormone therapy for menopause symptoms

= Radiation therapy

= Obesity etc.,
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1.3.3 STAGES OF BREAST CANCER
The most widely used method for staging of breast cancer is TNM system.

o T- Stands for Tumor size,
o N - Stands for Number and Location of lymph nodes with cancer.
[Lymph Node Status]

o M - Stands for Metastases

The other measures which were added more recently in 2018 are:-

=  Tumor grade

= Estrogen - receptor status

= Progesterone receptor levels in the tumor tissue
= HER2/Neu Status

= Menopausal Status

= General health of the patient.[*

1.3.4 DIAGNOSIS

The breast cancer can be diagnosed by various techniques. The choice of

diagnostic test is made based on the

» Type of cancer suspected
» Signs and symptoms
» Age and general health

> Results of earlier medical tests

The diagnosis tests mainly fall into four categories. They are imaging, biopsy,

blood tests and genomic tests.
1.3.4.1 IMAGING TESTS

MAMOGRAPHY — Mammogram is an X-ray of the breast. It may be screening or
diagnostic mammogram based on the purpose for which it is done. Compared to
screening mammogram, diagnostic mammograms provide more detailed results as

they view the breast from multiple vantage points.
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The reliability of mammogram is based on the size of the tumour, density of
breast tissue as well as based on the skill of radiologists administering and reading the

mammaogram.

ULTRASOUND - A breast ultrasound is a scan that uses penetrating sound waves

which deflects and causes echoes.

It provides evidence about whether the lump is a solid mass (may be
cancerous tumor), a cyst filled with fluid (non cancerous), or a combination of the
two. It is used to obtain information about exact size, location of lump and

surrounding tissues.

MRI - An MRI uses magnetic fields, to produce detailed images of the body. A
special dye called a contrast medium is given before the scan to help create a clear
picture of the possible cancer. This dye can be injected into a patient’s vein or given

as a pill or liquid to swallow.

A Dbreast MRI may be used to check how much the disease has grown

throughout the breast and to differentiate a solid tumor.
1.3.4.2 BIOPSY

A breast biopsy is a test that involves removal of tissues from suspected area
of the breast and examining under microscope. The types of breast biopsy are: Fine-
needle aspiration biopsy, Core-needle biopsy and Surgical biopsy (wide local excision
or lumpectomy). The type of biopsy is selected based on the appearance, size and

location of the suspicious area on the breast.
It is the most accurate test for the diagnosis of breast cancer.
1.3.4.3 LAB TESTS

These additional lab tests are done to assist with prognosis. The lab test
involves testing of hormone receptors and HER2/neu receptors on the cancer tissue

using Immunohisto chemical analysis.
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The results provide idea about selection of effective treatment option, viz. If
the result is hormone receptor positive then hormonal therapy can be selected. If it is

HER2/neu receptor positive suitable treatment option can be selected.

1.3.4.4 GENOMIC TESTS

It looks for specific genes or proteins that are found in cancer cells. The

common genomic tests are:

» Oncotype Dx — for patients with ER-positive and PR-positive, HER2-
negative breast cancer that has not spread to the lymph nodes. This test
looks at 16 cancer-related genes and 5 reference genes to calculate a
“recurrence score” that estimates the risk of the cancer coming back
within 10 years after diagnosis. The recurrence score is used to guide
recommendations on the use of chemotherapy.

» MammaPrint — for patients with ER-positive and PR-positive, HER2-
negative breast cancer that has not spread to the lymph nodes or has
only spread to 1 to 3 lymph nodes. This test uses information from 70
genes. The recurrence score is used to guide recommendations on the
use of chemotherapy.

» Breast Cancer Index - for patients with ER-positive and PR-positive,
HER2-negative breast cancer that has not spread to the lymph nodes.
The results guide the details about duration of hormonal therapy
needed for the particular patient.

It helps in personalization of the treatment. It also estimates the risk of cancer

recurrence. [47]

1.4 TREATMENT OF BREAST CANCER

o Surgery

o Radiation

o Hormone therapy
o Chemotheraphy
o Targeted therapy
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1.4.1 SURGERY

It involves the removal of tumor or nearby margins. If the patient is in stage 2

or 3, then chemotherapy is given as pre-operative or neo-adjuvant therapy.

The surgery may be lumpectomy (removal of only cancer cells and margins)
or mastectomy (removal of entire breast) based on the condition of disease

progression.
1.4.2 RADIATION THERAPY

Radiation therapy uses high-energy rays to kill cancer cells. It is used three to
four weeks after surgery to destroy any remaining mutated cells that remain in the

breast or armpit area. Breast cancer radiation therapy may be

> External Beam Breast Cancer Radiation (Traditional cancer-killing rays
delivered by a large machine)

> Internal Breast Cancer Radiation (Newer treatments that inject radioactive
cancer-Killing treatments only in the affected area)

» Brachytherapy (Internal Radiation) Delivered Via Implantable Device

1.4.3 HORMONE THERAPY

It is recommended for the patients with hormone receptor positive. It involves
blocking or inhibition of the hormonal receptors like estrogen receptor and

progesterone receptor.
The drugs include

> Tamoxifen
> Toremifene

> Fulvestrant
Aromatase inhibitors:

> Anastrazole
> Exemestane

> Letrozole
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1.4.3 CHEMOTHERAPY

This method uses a combination of drugs to either destroy cancer cells or slow

down the growth of cancer cells.

» Anthracyclines, such as doxorubicin (Adriamycin) and
epirubicin (Ellence)

Taxanes, such as paclitaxel (Taxol) and docetaxel (Taxotere)
5-fluorouracil (5-FU)

Cyclophosphamide (Cytoxan)

YV V V V

Carboplatin (Paraplatin), etc., “!
1.5 TARGETED THERAPY

The different treatment strategies have various advantages and disadvantages
on its own. The targeted therapy is the most advanced strategy which target specific
genes or proteins which are over or under expressed in cancer condition. Several
targets have been identified for cancer treatment and they are under investigation for
their role in cancer development. Some common targets are: EGFR & HER2, VEGF,
RAS/MEK/ERK pathway, PI3/AKT/mTOR pathway, IGF, PARP etc.,®l HDAC is

also an important enzyme which is over expressed in many types of cancer.
1.5.1 OVERCOMING CHALLENGES
The problem with targeted therapeutics when targeting single target are:

e Development of resistance

e Multi-component drugs or drug cocktails

e Poor patient compliance,

e Unpredictable pharmacokinetic/ pharmacodynamic profiles

e Drug-drug interactions.

Dual targeting of different targets at the same time can control cancer
prognoses and overcome the drawbacks of single target drug. Hence, dual targeting

strategy is of great advantage than single target drugs.
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The targets selected for dual targeting are:

o EGFR and
o HDAC

1.6 RESEARCH ENVISAGED

1.6.1 EGFR

Epidermal Growth Factor Receptor belongs to the ErbB tyrosine kinase
receptor family. These are tyrosine kinase receptors which on binding of ligand
undergo homodimerization or heterodimerization and activate a series of cellular
signalling cascade. The signalling cascade includes activation of Ras/MEK/Erk
pathway and PI3K/Akt/mTOR pathways which influences cell proliferation and

apoptosis.

Several mechanisms lead to the receptor’s aberrant activation observed in
cancer, including receptor over-expression, mutation of ligand-receptor dimerization

and ligand independent activation.

EGFR is a 170KD glycoprotein, which is commonly expressed in normal and
malignant tissues and is involved in cellular communication. The receptors of the
EGF family are composed of an extracellular domain, a hydrophobic transmembrane
region and a tyrosine kinase-containing cytoplasmic region. The classical EGFR
receptor is also known as HER-1 (human epidermal growth factor receptor 1) or
ERBB-1 (v-erb-b2 erythroblastic leukemia viral oncogene homolog 1). The other
members of EGF family are ERBB2 (also termed HER2 or HER2/neu), ERBB3 (also
termed HER3), and ERBB4 (also termed HER4), they all share the same molecular
structure. EGFR, when situated in the transmembrane position, has an extracellular
domain, which provides a ligand-binding site for EGF and transforming growth
factor-alpha (TGF-a). The intracellular domain of EGFR is activated upon ligand

binding triggering the EGF-mediated tyrosine kinase signal transduction pathway.

EGF and TGF-a are believed to be the most important ligands for EGFR.
Ligand binding with EGFR results in receptor homo- or heterodimerization at the cell
surface followed by internalization of the dimerized receptor. After dimerization,
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phosphorylation of the intracytoplasmic EGFR tyrosine kinase domain occurs.
Phosphorylated tyrosine kinase residues serve as binding sites for the recruitment of
signaling molecules, such as RAS (Rat Sarcoma Viral Oncogene). These signalling
molecules have the ability to phosphorylate other “downstream” molecules. The
activation of downstream pathways promotes cellular proliferation, angiogenesis,

development of metastases and reduces apoptosis.

Ligand binding to epidermal growth factor receptors (EGFRs) and their
subsequent dimerization induces receptor auto-phosphorylation. Several tyrosine-
based motifs recruit a number of signal transducers to the phosphorylated form of
EGFR (such as the adaptor proteins growth-factor-receptor bound-2 (GRB2) and Src-
homology-2-containing (Shc), which are responsible for the recruitment of Ras and
activation of the mitogen activated protein kinase (MAPK) cascades. Another direct
substrate of ERBBL1 is the signal transducer and activator of transcription-5 (STATS).

The C terminus of ERBB1 contains a recognition site for the ubiquitin ligase
Cbl, whereas no site is found that can directly recruit the lipid Kkinase
phosphatidylinositol 3-kinase (PI3K). Consistent with the specificity of its docking
sites, EGFR cannot directly activate the PI3K-AKT/protein kinase B (PKB) pathway,
but it couples to the RAS-MAPK pathway, as well as to the RAS-PI3K-AKT/PKB
pathway. EGFR signaling is negatively regulated through ubiquitylation by Cbl. The
ERK cascade is regulated by intrinsic positive and negative feedback (for example,
ERK negatively feeds back to RAF) and extrinsic crosstalk regulation from other

kinase cascades.

In breast cancer, EGFR is overexpressed or mutant forms are able to
manipulate downstream signaling. One way to manipulate the EGFR network entails
setting the level of activity just below the threshold required for the mobilization of
control machineries. For example, mutant forms of EGFR frequently detected in lung
cancer are characterized by a basal, ligand-independent function, which is sufficient
to weakly activate downstream signals but insufficient to recruit CBL to trigger

receptor degradation [13].
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Almost 40% of Triple Negative Breast Cancer has EGFR over expression. It
reveals that EGFR can be targeted even in the severe cases like TNBC. Hence,

targeting a EGFR can control the cancer proliferation.r
1.6.2 HDAC

Histone deacetylases (HDAC) are involved in cellular processes and the
regulation of gene expression through the control of protein acetylation. The over
expression of HDAC proteins resulted in unregulated transcription and aberrant

protein activity and function which is linked to several diseases including cancer.

The HDAC enzymes are a group of enzymes divided into 4 classes depending
on sequence homology. The members of these classes are:

Class | -HDAC 1, 2, 3 and 8,

Class 1A -HDAC 4,5, 7and 9,

Class 1B - HDAC 6 and 10,

Class 11 - Sirutins in mammals (SIRT 1 - 7),
Class IV - HDAC 11.

These all proteins are metal dependent.

HDACSs, that may be called protein deacetylases (PDAC) as some of their
targets are non-histone proteins. These a family of eleven zinc-dependent enzymes
that have gained major interest as therapeutic targets, mainly in cancer research. Their
abnormal expression in many cancer cells modifies the expression of tumour
suppressor genes (TSG) and genes involved in normal cellular functions.[') In
addition, HDAC proteins influence protein-protein interaction, protein - DNA
interaction, protein localization and protein stability through deacetylation of non-

histone substrates. 111

Different members of this class of enzyme are over-expressed in different
types of cancer. For example: HDAC 1 in lung, breast and colon cancer. HDAC 2 in

colorectal cancer. HDAC 6 in oral squamous cell carcinoma and ovarian cancer. Over
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expression of both HDAC 6 and 8 was linked to breast cancer metastasis and

invasion. (11

Various HDAC inhibitors have been developed as anticancer agents which
promoted apoptosis and reduced proliferation and migration through their effects on
both histone and non - histone substrates. SAHA (Suberoylamide hydroxamic acid or
Vorinostat) is a FDA approved drug as non-selective HDAC inhibitor. Many drugs
have been designed by modifying the SAHA nucleus to improve selectivity as to

reduce the side effects due to its non-selectivity.

The basic HDAC enzyme inhibitor has three major parts. They are the capping
group, linker region and a metal binding group. Difference in these regions or groups
has effects in modifying the selectivity and potency of HDAC inhibitors.

11" dpendn Pharmacokineic and Strcture acivity
(Class 1 Class 10, Class 111, Class IV)
Chslfication foico relationshi
‘ Gy logical properties p
NAD" dependant ‘
) hydroxamie ackds
(Chusll Proclifeal § research
eyclic peptides
=1, Tgeed [ HDAC inhibitors | “sibeten  pyngamides
« 0 HDACS ({p— , —
Ly Cxormed  Coomnn | L inhibior (HDA('IS) fk(mmk ketones
gt N/ e
THE — 8 miscellancous
(o4 ”10' HOAL ™ o Mechasb (linkeal | studles i e
" (e (W AlPRATIC ac
?' il grmp ) —

=

(CTimical trinls for hreast cancer freatment

- I\

Entinostat ~~ Vorlnostat ~ Panobinostat  Chiamide

Fig 1 : HDAC inhibitors development
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1.6.3 DESIGNED DUAL INHIBITOR

Quinazoline scaffold has been widely used as anti-cancer, anti-malarial, anti-
bacterial, anti-inflammatory, anticonvulsant and anti-diabetic agents. Many

quinazoline drugs have been approved by USFDA as potential anticancer agents.™*!!

o HN cl HNO\ HN

k/N\/\/O N \o/\/o =N #0 SN
~o N/) OO0 N/) 0 N/)

. /N
Gefitinib Erlotinib Vandetanib

O \
=2 N Cl
,}"‘\’ /©: L - H
4 NH /7 \ HN cl /=N SN
o) SN o} A
4 o
Lapatinib O Afatinib

Fig 2: FDA approved quinazolines

The use of quinazolines as the basic scaffold and combining it with the
pharmacophore of HDAC can be of advantage in designing a dual inhibitor for EGFR
and HDAC.
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2. LITERATURE REVIEW

Ricardo H. Alvarez et.al.,(2010)* reviewed the possible targets of breast cancer
and the emerging targeted therapies. The role of various targets like EGFR & HER2,
VEGF, RAS/MEK/ERK pathway, PI3/AKT/mTOR pathway, IGF, PARP etc., has
been described. This review focused on these targets and the effective drugs available
in the market for modulating these targets.

Xinyu Li et.al., (2019)*% designed a series of 3-aryl-quinolin derivatives to target
ERa and VEGFR-2 for anti-breast cancer activity. The 3-aryl-quinazoline derivative
substituted with piperazinyl showed high ERa binding affinities as well as relative
intensity VEGFR-2 inhibitory activities. And also exhibited excellent anti-
proliferative activities against MCF-7 and HUVEC cell lines with low micro-molar
IC50 (1-80uM). They also found that they can also reduce the expression of PgR
MRNA, arrest cell cycle in MCF-7 breast cancer cells, and restrain the cell migration.

Miao Zuo et.al., (2012)[*¢] synthesized N-aryl salicylamides with a hydroxamic acid
moiety at 5-position and evaluated against EGFR and HDAC. All compounds
displayed inhibitory activity. Their anti-proliferative activities were evaluated by
MTT assay against human cancer cell lines A431, A549 and HL-60. The results
showed that ether linker compound was more potent than amide linker compound
against A431 and A549. Compounds with halogen substituent’s and with methoxy
substituent exhibited higher potency against HL-60 than standards (Geftinib &
SAHA). It was found that by combining two distinct pharmacophores into one

molecule, dual inhibition can be achieved.

R =3-Cl, 4-F
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Bruna Zucchetti et.al., (2018) [*1 reviewed the role of HDAC inhibitors in the
Metastatic breast cancer. HDAC inhibitors represent also a potential combination
therapy with other agents (as immunecheckpoint inhibitors) in patients with metastatic
TNBC. Although much progress had been made in the HDACI field, it is still not
completely clear how effective they are for solid tumors and our ability to identify the
responding tumors is limited by our poor understanding of the mechanism that
underlies its effectiveness. They summarized the latest studies with HDACI in breast

cancer

Gopi Reddy et.al., (2017) [28] reviewed the role of Quinazolines as anticancer agent.
The review showed that quinazoline moiety has great biological and medicinal
significance. The possible improvements in the activity can be achieved by slight
modifications in the substituents on the basic quinazoline nucleus. Various recent new
drug developments in quinazoline derivatives show better effect and less toxicity.
This study gives valuable information for further development of more potent

anticancer agents.

Xiong Cai et.al., (2010)[*°] designed novel quinazoline derivatives by incorporating
the incorporating the pharmacophore for HDAC inhibition in the EGFR and HER2
inhibitors  pharmacophore and identified that the compound 7-(4-(3-
Ethynylphenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydroxyheptanamide as a
drug candidate. This compound showed potent in-vitro activity against all EGFR,
HER2 and HDAC in nM range. In in vivo it promotes tumor regression or inhibition
in various cancer xenograft models including non- small cell lung cancer (NSCLC),
liver, breast, head and neck, colon and pancreatic cancers. Now this compound CUDC

101 had entered the clinical trial also.

Chao Ding et.al., (2017)1% designed novel 6-(1,2,3-triazol-4-yl)-4-aminoquinazolin
derivatives as multi-target inhibitors against EGFR, HER2 and HDAC. All the

compounds showed good inhibitory activity on in-vitro enzyme inhibition assay. The
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cytotoxicity studies against various cell lines like A549, A431, BT474, SK-Br-3,
NCI-H-1975 showed inhibition in micromolar ranges. The flow cytometry study also
revealed that the compounds can induce apoptosis upto 63.86%. Hence, the dual
inhibition can be achieved possibly by combining the two distinct pharmacophors of
EGFR and HDAC inhibitors.

Er-dong Li et.al., (2019)[21 designed a series of novel 2,4-disubstituted quinazolines
and evaluated their anti-tumor activity against five human cancer cells (MDA-MB-
231, MCF-7, PC-3, HGC-27 and MGC-803) using MTT assay. Among them,
compound 9n (tri-fluro methyl derivative) showed the most potent cytotoxicity
against breast cancer cells. And also induced cell cycle arrest at G1 phase and cell
apoptosis, as well as increased accumulation of intracellular ROS. Furthermore, it
exerted anti-tumor effects in vitro via decreasing the expression of anti-apoptotic
protein Bcl-2 and increasing the pro-apoptotic protein Bax and p53. Mechanistically it
markedly decreased p-EGFR and p-PI13K expression.

Sivosh Mahaboobi et.al., (2010)122 designed and synthesised a series of lapatinib
hybrids. They combined the inhibitory head group of HDAC enzyme viz, hydroxamic
acid and benzamide motifs with the [3-chloro-4-(3-fluorobenzyloxy)-phenyl]-
quinazolin-4yl-amine core structure to target EGFR, HER2 proteins. The enzyme
inhibition assay, cell proliferation assay and cytotoxicity studies showed good
potency to both targets. In which the compound 6¢ showed better activity against all

the targets.

Compound 6¢
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Weiwei Yu et.al.,?%1 developed a combined therapy of histone deacetylase inhibition
by a novel HDAC inhibitor, YF454A, with erlotinib to overcome EGFR-TKI
resistance. The sensitization of erlotinib by YF454A was examined. Western blotting
and Affymetrix GeneChip expression analysis were further performed to detzermine
underlying mechanisms for the combinatorial effects.YF454A and erlotinib showed a
strong synergy in the suppression of cell growth by blocking the cell cycle and
triggering cell apoptosis in EGFR-TKI-resistant NSCLC cells. The combined
treatment led to a significant decrease in tumor growth and tumor weight compared
with single agents alone. Mechanistically, this combination therapy dramatically
down-regulated the expression of several crucial EGFR-TKI-resistance-related
receptor tyrosine kinases, such as Her2, c-Met, IGFIR and AXL, at both the
transcriptional and protein levels, and consequently blocked the activation of
downstream molecules AKT and ERK. Transcriptomic profiling analysis further
revealed that YF-454A and erlotinib synergistically suppressed the cell cycle pathway

and decreased the transcription of cell-cycle related genes, such as MSH6 and MCM?7.

Ying-Chao Duan et.al., (2017)? designed a dual inhibitor for Lysine specific
demethylase 1 (LSD1) and Histone deacetylases (HDACSs). The result evidenced a
synergistic Effect of combined LSD1 and HDAC inhibitors on cancers. Therefore,
development of inhibitors targeting both LSD1 and HDACs might be a promising
strategy for epigenetic therapy of cancers. They reported a series of tranylcypromine
derivatives as LSD1/HDACs dual inhibitors. The N-(7-(hydroxyamino)-7-oxoheptyl)-
4-((phenylcyclopropyl)amino)methyl) Benzamide showed stronger sntiproliferative
effect against human cancer cell lines. It is well docked into the active binding sites of
LSD1 and HDAC2

o o
2T

H
N

0 o)
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Belgin Sever et al.,[?] designed a series of thiazolyl-pyrazolines as novel inhibitor for
both HDAC and EGFR. The compound 1-(4-(4-cyanophenyl)thiazol-2-yl)-3-(4-
morpholino phenyl) -5-(4-chlorophenyl)-2-pyrazoline showed good activity against
both the targets in-vitro. This compound also shown good affinity with the ATP
binding sites of EGFR and HDAC.

MT-.;:H;i 1
J&\-I.I:r.}_{ x_f el
'\-\.."::1-- H
"""u.::-':'""ac r

Meiling Huang et al., 6] reviewed the targets of breast cancer therapy. They have
found that epigenetic abnormalities have emerged as an important hallmark of cancer
development and progression. The HDACs mechanism and classification and their
association between breast cancer has been reviewed and they found that the HDAC
inhibitors have become promising potential anticancer drugs for research due to their
crucial to chromatin remodeling and epigenetics. In conclusion they found that,
HDACIs have shown desirable effects on breast cancer, especially when they are used

in combination with other anticancer agents.

Fan-Wei Peng et al.,[?"] designed a series of hybrids bearing N-phenylquinazolin-4-
amine and hydroxamic acid moieties as dual inhibitor for VEGFR-2 and HDAC. They
combined the pharmacophore for both the targets and designed a dual inhibitor for
acting on multiple targets to produce synergistic effect. The compound 7-(4-(4-
bromophenylamino)-7-methoxyquinazolin-6-yloxy)-N-hydroxyheptanamide showed
greater activity against both the targets.
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Shimizu et al., [?8] reported the efficacy of multi-targeted drug CUDC-101 which is a
synthetic small-molecule, first-in-class, multitargeted inhibitor of both receptor
tyrosine kinases (RTK), EGFR and HER2, and class I/l HDACs. Along with these
direct effects, CUDC-101 also indirectly attenuates the survival signaling pathways
Akt, HER3, and MET. Through this inhibition of multiple signaling networks,
CUDC-101 effectively suppresses the growth of a broad range of tumor types both in

vitro and in vivo,, including RTK-resistant cell lines.
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3. AIM AND OBJECTIVES

AlIM:

To design novel compound for modulating HDAC and EGFR over expression
and evaluating its target specificity using CADD and screening in-vivo using animal
model

OBJECTIVES:

o To design a series of novel compounds for targeting both the targets EGFR
and HDAC simultaneously

o To evaluate the efficacy of designed compounds in-silico using CADD

o To evaluate the pharmacokinetic parameters of the designed compounds

o To synthesis the compounds with greater efficacy as well as
pharmacokinetics

o To evaluate the efficacy of the synthesized compounds in-vitro

o To evaluate the effectiveness of the synthesized compounds in-vivo
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3A. PLAN OF STUDY

Phase I: Literature Survey.

Phase I1: Molecular modelling design a ligand for targeting EGFR and HDAC of

cancer based on literature.

Phase Il1: Identification of best ligand/ligands based on DOCK score and LIPINSKI

rule.

Phase 1V: Screening of pharmacokinetic properties by maestrol11.2 software.

Phase V: Synthesis of quinozolone derivatives.

Phase V: The purity of the synthesised chemical entities to be monitored by thin layer
chromatography and chemical structure to be assigned by various analytical techniques

such as FTIR, HINMR.

Phase VI:

e Screening of the novel compounds against mammary cancer in-vitro

Phase VII:

e Screening of the novel compounds against mammary cancer in-vivo using
DMBA induced mammary carcinoma model

Phase VIII: Result and discussion.
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RESEARCH ENVISAGED

A single agent that simultaneously inhibits multiple targets may offer greater
therapeutic benefits in cancer than single-acting agents through interference with

multiple pathways and potential synergistic action.

EGFR is a receptor which is known to be over-expressed in a variety of cancer
and its effect on breast cancer has also been proven and a variety of EGFR inhibitors

having quinazoline scaffold is widely prescribed as anticancer agents.

HDAC (Histone Deacetylases) are also an enzyme involved in many important
biological functions. They are also an important target for cancer research. The HDAC
inhibitors are known to have three regions viz., Cap, Linker and Zinc binding group in

their structure to be effective.

By combining these two pharmacophores we can design a series of compounds
which can act on both the targets so that an effective drug molecule which can inhibit

dual targets with high efficacy can be identified.
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4. METHODOLOGY

4.1 DOCKING STUDIES

Glide docking uses the assumption of a rigid receptor, although scaling of
vanderwaals radii of non polar atom, which decrease penalties for close contacts, can
be used to model a light “give” in the receptor and/or ligand. Docking studies of
designed compounds were carried out using GLIDE (Grid-based Ligand Docking
with Energetics) module version 10.1, Schrodinger, LLC, New York, NY, 2015. The
software package running on multi-processor running on multi-processor Linux PC,
GLIDE has previously been validated and applied successfully to predict the binding

orientation of many ligands.
4.1.1 DOCKING METHODOLOGY
The steps involved in docking are as follows:

Ligand Structure: The chemical structure of each ligand was drawn using build

module.

Ligand Preparation: The 2D structures of the designed molecules were constructed
using GLIDE 2D sketcher and then it was created in 3D structure format. LigPrep, a
utility in Schrodinger software suite that combines tools for generating 3D structures.
LigPrep produced a single, low-energy, 3D structure with correlated chiralities for

each successfully processed input structures.

Preparation of Protein: The X-ray crystal structures of the proteins EGFR (PDB ID:
1T67) and HDAC (PDB ID: 1XKK) were obtained from the RCSB protein data bank

(http://www.rcsb.org/pdb). After selection, the 3-Dimensional structures of the protein

it was analysed for potential binding pockets and then prepared by docking software
Schrodinger-Maestro 10.1. Usually the PDB structure consist of metal ions, cofactors,
can contain waters and has no information on bond orders, formal atomic charges and
misaligned terminal amide groups lonization and tautomeric states. In order to acquire
accurate energy evaluation the bond orders and ionization states to properly assigned,
side chains to be reoriented and steric clashes to be relieved as Glide calculations are

based on all-atom force field. The missing side-chain atoms were added manually and
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the proteins were pre-processed separately by deleting the substrate cofactor as well
as the crystallographic ally observed water molecules (water without H bonds),
correcting the mistakes in PDB file, optimizing hydrogen bonds. After assigning
formal charge with bond orders and protonation state finally energy minimization was

done.

Receptor grid generation: Receptor grid generation requires a prepared structure: an
all atom structure with appropriate bond order and formal charges. Glide searches for
favourable interaction between one or more ligand molecules and a receptor molecule,
usually a protein. The shape and properties of the receptor are represented on a grid
by several different sets of field that provide progressively more accurate scoring of
the ligand poses. The option in each tab of the Receptor Grid Generation panel allow
defining the receptor structure by excluding any co-crystallized ligand that may be
present, determine the position and size of the active site as it will be represented by
receptor grid, and set up Glide constraints. A grid area was generated around the
binding site of the receptor.

Ligand docking: This is carried out using GLIDE DOCK. Glide searches for
favourable interaction between one or more ligand molecule and a receptor molecule,
usually a protein. Each ligand acts as single molecule, while the receptor may include
more than one molecule, eg., a protein and a cofactor. Glide a run in rigid or flexible
docking mode; the latter automatically generated conformation for each input ligand.
The combination of position and orientation of a ligand relative to the receptor, along
with it conformation in flexible docking, is referred to as a ligand poses. The ligand
poses that Glide generate pass through a series of hierarchial filter that evaluate the
ligand to the defined active site and examine the complimentarily of ligand-receptor
interaction using a grid-based method patterned after the empirical chem. score
function. Poses that passed the initial screen entered the final stage of the algorithm,
which involve evaluation and minimization of a grid approximation to the OPLS-
2005 non bonded ligand-receptor interaction energy. Final scoring is then carried out

on the energy-minimised poses.

Glide Extra-Precision Mode (XP): The extra-precision (XP) mode of Glide

combines a powerful sampling protocol with the use of a custom scoring function
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designed to identify ligand poses that would be expected to have unfavourable
energies, based on well-known principles of physical chemistry. The presumption is
that only active compounds will have available poses that avoid these penalties and
also receive favourable scores for appropriate hydrophobic contact between the
protein and the ligand, hydrogen-bonding interactions, and so on. The chief purposes
of the XP method are to weed out false positives and to provide a better correlation
between good poses and good scores. Extra-precision mode is a refinement tool
designed for use only on good ligand poses. Finally, the minimized poses are re-
scored using Schrodinger’s proprietary Glide Scores coring function. Glide Score is
based on Chem Score, but includes a steric-clash term and adds buried polar terms

devised by Schrodinger to penalize electrostatic mismatches:

Glide Score = 0.065*vdW + 0.130*Coul + Lipo + Hbond + Metal + BuryP + RotB + Site

Where, vdW — Vander Waal energy, Coul — Coulomb energy, Lipo —
Lipophilic contact term, HBond — Hydrogen-bonding, term Metal — Metal-binding,
Term BuryP — Penalty for buried polar groups, RotB — Penalty for freezing rotatable
bonds, Site — Polar interactions at the active site and the coefficients of vdW and Coul
are —a =0.065, b = 0.1.

Department of Pharmacology, KMCH College of Pharmacy, Coimbatore Page 27



METHODOLOGY

Table: 1 Components of Glide Score Docking (Extra-Precision Mode)

Component Description

vdW Vander Waals energy is calculated with reduced net ionic
charges on groups with formal charges, such as metals,
carboxylates and guanidiniums.

Coul Coloumb energy is calculated with reduced net ionic charges
on groups with formal charges, such as metals, carboxylates
and guanidiniums.

Lipo Lipophilic contact term. Rewards favourable hydrophobic
interactions.

HBond Hydrogen-Bonding term is separated into differently weighrd
components that depend on whether the donor and acceptor
are neutral, one is neutral and the other is charged, or both are
charged.

Metal Metal-binding term used only for the interactions with anionic
acceptor atoms is included. If the net metal charge in the apo
protein is positive, the preference for anionic ligands is
included,; if the net charge is zero, the preference is
suppressed.

BuryP Penalty for buried polar groups.

RotB Penalty for freezing rotatable bonds.

Site Polar interactions in the active site. Polar but non-hydrogen

bonding atoms in the hydrophobic region are rewarded.

Docking Procedure:

The computational modeling studies relied upon the GLIDE (Grid-based

ligand Docking from Energetics) program (Glide, version 5.0, Schrodinger, LLC New

York, 2008) for the docking simulations. These simulations were performed using the
X-ray crystal structure of the human HDAC 8 complexed with SAHA (PDB ID:
1T69) and EGFR (PDB ID: 1XKK). All the water molecules in the crystal structures

were deleted, bond orders were assigned, hydrogen’s were added and the protein was
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then further refined for the docking studies by processing it using Schrodinger’s
Protein preparation wizard. This procedure minimizes the protein to 0.30A RMSD

using OPLS-2005 forcefield. Ligands were prepared using build panel in maestro.

PROTEIN INFORMATION:

Experimental Data: Experimental Data:
Method: X-RAY DIFFRACTION Method: X-RAY
DIFFRACTION

Resolution: 2.91 A Resolution: 2.4 A
R-Value Free: 0.310 R-Value Free: 0.255
R-Value Work: 0.249 R-Value Work: 0.209

Fig: 4 STRUCTURE OF PROTEIN HDAC (PDB ID:1T69)
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Fig: 5 STRUCTURE OF PROTEIN EGFR (PDB ID:1XKK)

Further the ligands were prepared for docking using LigPrep tool and were
energy minimized using MMFF Force Field. Glide Grid generation panel has been
used to generate receptor grid for docking. Default SP (Standard Precision) docking

protocol was used to dock the library ligands.

Molecular docking were performed for 60 compounds using the GLIDE
program (Version 5.0, Schrodinger, LLC, New York, 2008) to understand the
interaction of 3k with HDACS8. The Maestro user interface (version 8.5, Schrodinger,
LLC, New York, 2008) was employed to set up and execute the docking protocol and
also for analysis of the docking results. Human HDACS8 (PDB ID: 1T69) was selected
for docking studies and was prepared for docking through protein preparation wizard,
energy minimization has been carried out using OPLS 2005 forcefield. Structures of
60 compounds were sketched using built on Maestro and prepared for docking
through Ligprep module (energy minimized using MMFF force field). GLIDE grid
generation wizard has been used to define the docking space. Docking was performed
using XP (Extra-Precision mode) docking protocol. The molecular docking results

were presented in Table 2.
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Table: 2 Structure, Code and Docking results

DOCKING RESULTS
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PV6 NH -10.889 -8.492
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HN

“NH
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HN_
N
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H

-6.402 -6.402

PV55

-7.995 -8.047
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PV56 )\Q -6.733 -6.741
NH

PV57 )\Q -9.246 -9.042

Validation of Docking Protocol:

Validation of docking protocol was done by redocking.
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Ligand interaction with receptor

1XKK - minimized - EHO1a

OH

: = ‘ o e
/// /

() charged {negative) _ Pobr == Distance — Salt bridge
) Charged {positie) @) Unspecifed resdus =  H-bond Solvent ex posure
Glycihe \Water — Metal coordination
Hydrophobic Hydration site e Pi-Pistacking
o Metal Hydration site (displaced) —e Pi-cation

Fig: 6 - 2D docked conformer of EHO1 with EGFR (1XKK)

®

Fig: 7 - 3D docked conformer of EHO1 with EGFR (1XKK)
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1T69 - minimized - EHO1a
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HH < )
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) Charged fhegative) Polar ----  Digtance —  Saltbridge
() Charged (ositive) ) Ungreciied residue = H-bond Solvent exposure
Ghycine \ater Metal coordination
_ Hydrophobic Hydration site & PiPistadking
) Metal Hydration site {digplacedy —e  Pication

Fig: 8 - 2D docked conformer of EHO1 with HDAC (1T69)

«

Fig: 9- 3D docked conformer of EHO1 with HDAC (1T69)
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1XKK - minimized - EH 02
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0 Charged (positve) @) Ungpecified residue - H-bond Solvent exposure
Glche Water —  Metal coordination

- Hy drophobic Hydration site *=e PiFistacking
J Metal Hydration site {displaced) —e Pication

Fig: 10 - 2D docked conformer of EH02 with EGFR (1XKK)

Fig: 11 - 3D docked conformer of EHO02 with EGFR (1XKK)
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1769 - minimized - EH 02
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Mietal Hydraton site (displaced) —®  Pi-cation

Fig: 12 - 2D docked conformer of EH02 with HDAC (1T69)

L

Fig: 13 - 3D docked conformer of EHO2 with HDAC (1T69)
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1XKK - minimized - EHO3
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y Hydrophobic Hydration site o Fi-Pi stacking
- Metal Hydration site (displaced) —e Fi-caton

Fig: 14 - 2D docked conformer of EHO3 with EGFR (1XKK)

Fig: 15 - 3D docked conformer of EHO3 with EGFR (1XKK)
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1T69 - minimized - EHO3

3 <«
N =
Vi
(1‘:. Was
2 Cl
@) Charged (negative) = Pdar --==  Distance — Saltbridge
- Charged (positive) @) Urspedfiedresidue - H-bond Sdvent exposLre
dydne Water — Metal coordination
Hydrophobic Hydration site e-® Pi-Fi stacking
Metal Hydration site (dsplaced) —e PFi-cation

Fig: 16 - 2D docked conformer of EHO3 with HDAC (1T69)

A

Fig: 17 - 3D docked conformer of EHO3 with HDAC (1T69)
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Table: 3 Ligands and their interaction with binding sites

sno | code Structure Interaction Interaction
(EGFR: 1XKK) (HDAC:1T69)
0 - 3H bond with Asp 800, | - 3H bond with ASP
.GHHJ\C\(O ARG 811 and ASP 855 | 101, GLY 151 and GLY
206
1 EHO1 HN‘“'Q‘H - 2 pi-pi stacking with
xg/@\/gi@ PHE 152 and PHE 208
0 -3H bond with ASP 100 | - 4 H bond with GLY
Dﬁ/@Aﬁ’w and MET 793 151 and ASP 101.
2 EHO02 N - 1 pi-pi stacking with
/@I:;NH PHE 152
0 7
~ 0 - 5H bond with CYS 797, | - 2H bond with ASP 101
HLC\(D ALA 722, ASP 837 and | and GLY 151
3 EHO3 HNL 855, ASN 942. - 2 pi-pi stacking with

PHE 152 and 207.

Prediction of ADME properties:

Most of drug candidates fail in clinical trials due to poor ADME properties.

Thus, an important aspect of drug discovery is to avoid compounds not having drug

likeliness and good ADME property. Drug likeliness and ADME properties of all the

compounds were predicted using QikProp, version 4.5 of Schrodinger 2015.QikProp

is quick accurate, easy to use absorption, metabolism and excretion (ADME)

prediction program. Qikprop predicts physically significant descriptors and

pharmaceutically relevant properties of organic molecules, either individually or in

batches. In addition to predicting molecular properties, Qikprop provides ranges of
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comparing particular molecules properties with those of 95%of known drugs. It also
analyses the accept ability or suitability of compounds by applying the principles of
Lipinski's rule of five, which is essential in drug design. The predicted properties
include molecular weight, hydrogen bond donors and acceptors, QPlogHERG,
QPPCaco, QPlogBB, CNS.

The designed molecules structure were created as 3D and prepared with

LigPrep tool in mastero. The prepared Ligands were ran with Fast Mode default
analysis in QikProp tool.
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METHODOLOGY

CODE M.WT HYDROGEN HYDROGEN QPlogP Rule of Percentage QPPCaco QPlogBB QPPMDCK QPlogKhsa QPlogHERG QPlogs PSA #rotor
(< 500) BOND BOND (8-35) Five Oral (<25 poor (-3to- (<25 poor (-1.5to (below -5) (-6.5 to (7 - 200) (0-15)
DONOR ACCEPTOR (max 4) absorption >500 great) 1.2) >500 great) 1.5) 0.5)
(<5) (<10) (> 80 High
< 25 poor)

PV1 463.495 4 9.45 27.603 1 44.635 19.062 -2.599 25.325 -0.495 -4.24 -3.788 157.975 8

PV2 360.372 4 9.59 23.422 0 47.801 26.649 -1.881 36.194 -1.104 -2.536 -1.411 147.776 5

PV3 477.522 4 8.7 27.596 1 50.589 26.038 -2.389 35.478 -0.258 -3.904 -4.15 152.353 8

PV4 330.346 4 9.2 22.676 0 47.535 26.648 -1.78 36.194 -1.093 -2.688 -1.281 139.293 4

PV5 467.914 4 8.7 27.503 0 59.695 19.04 -2.376 54.935 -0.405 -4.32 -4.208 149.51 7

PV6 359.384 4 10.45 23.198 0 57.923 65.929 -1.698 51.262 -0.876 -3.578 -1.937 138.209 6

PV7 492.533 4 10.7 27.984 1 55.75 53.207 -2.416 40.604 -0.325 -5.155 -4.284 156.597 10

PV8 493.521 4 10.2 28.233 1 46.024 21.601 -2.624 28.991 -0.51 -4.05 -3.882 163.985 9
PV9 479.556 4 11.45 28.552 0 71.248 77.431 -2.034 119.607 -0.437 -5.595 -4.666 139.035 8
PV10 480.543 4 10.95 28.575 1 57.839 66.713 -2.1 100.65 -0.327 -5.705 -5.091 143.831 7
PV11 512.542 6 13.2 34.377 3 0 0.779 -4.414 0.948 -1.076 -4.373 -2.801 214.539 9
PV12 497.94 4 9.45 28.657 1 41.26 8.807 -2.857 35.486 -0.357 -4.444 -4.26 155.852 8
PV13 497.94 4 9.45 28.178 1 48.72 22.239 -2.392 67.966 -0.402 -4.145 -4.408 156.823 8
PV14 491.505 3 10.45 28.794 1 26.6222 2.263 -3.823 4.111 -0.466 -4.61 -3.678 186.834 9
PV15 477.522 4 9.45 27.75 1 50.124 28.941 -2.564 34.397 -0.425 -4.372 -4.319 152.643 9
PV16 532.385 4 9.45 29.159 2 32.8 11.085 -2.619 86.44 -0.267 -4.367 -4.758 154.106 8
PV17 493.521 4 10.2 28.178 1 45.927 21.601 -2.63 28.991 -0.517 -4.064 -3.882 163.985 9
PV18 470.53 4 11.45 28.742 1 19.968 2.101 -2.497 4.05 -0.706 -4.412 -1.766 170.798 8
PV19 452.472 5 9.45 28.304 0 35.43 9.964 -2.914 12.666 -0.663 -3.934 -3.325 173.42 8
PV20 479.556 4 11.45 28.613 0 71.411 75.898 -2.1 116.607 -0.421 -5.736 -4.897 139.1 8
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PV21 | 479.494 5 10.2 29.566 1 32.735 7.157 -3.171 8.785 -0.683 -4.047 -3.368 177.13 9
PV22 | 456.460 4 9.950 20.124 0 73.322 61.444 -2.753 24.257 -0.018 -7.849 -5.716 | 154.157 9
PV23 | 490.905 4 9.950 28.469 0 77.405 72.967 -2.753 61.150 0.070 -7.760 -6.372 | 152.356 9
PV24 | 472.459 4 9.700 28.287 1 53.407 26.770 -3.283 9.881 0.025 -7.744 -5.831 | 173.590 10
PV25 | 471.474 5 9.950 29.727 2 37.677 23.107 -3.371 8.428 -0.061 -7.743 -5.917 | 176.999 10
PV26 | 472.520 4 10.950 28.434 0 82.692 157.537 -2.101 150.698 -0.106 -7.872 -6.024 | 134.436 9
PV27 | 323.310 4 9.700 22.979 0 60.992 27.909 -2.001 27.909 -0.613 -6.217 -3.180 | 137.457 5
PV28 357.755 4 9.700 23.633 0 64.720 78.713 -1.885 66.763 -0.542 -6.344 -3.849 136.583 5
PV29 | 338.325 5 9.700 24.688 1 38.934 27.989 -2.487 10.369 -0.633 -6.079 -3.261 | 158.967 6
PV30 339.310 4 9.450 23.264 0 54.081 31.464 -2.430 11.767 -0.596 -6.080 -3.149 155.788 6
PV31 353.337 4 10.450 23.725 0 61.235 69.956 -2.101 27.909 -0.628 -6.054 -3.301 145.939 6
PV32 | 501.457 4 10.950 30.053 2 31.997 12.569 -3.747 4.364 -0.068 -7.778 -5.866 | 194.618 10
PV33 486.547 4 10.950 28.939 0 82.834 130.409 -2.371 117.900 -0.018 -8.067 -6.507 135.563 10
PV34 | 367.363 4 10.450 24.256 0 63.387 69.956 -2.297 27.909 -0.562 -6.424 -3.789 | 145.421 7
PV35 | 353.337 4 9.700 23.346 0 64.620 85.461 -1.912 34.651 -0.519 -5.786 -3.219 | 142.468 6
PV36 399.408 4 9.700 26.377 0 69.244 69.956 -2.273 27.909 -0.222 -7.363 -4.726 137.457 6
PV37 | 367.363 4 11.400 24.776 0 61.474 69.956 -2.259 27.909 -0.681 -6.314 -3.504 | 145.652 7
PV38 383.363 4 11.200 24.430 0 61.393 69.956 -2.210 27.909 -0.651 -5.913 -3.421 154.129 7
PV39 289.293 4 9.700 21.024 0 48.673 33.410 -2.185 24.506 -1.128 -4.245 -1.460 139.640 7
PV40 | 305.354 4 9.200 20.783 0 60.730 84.095 -1.618 143.588 -1.020 -4.246 -1.969 | 118.548 7
PV41l | 426.434 4 9.200 27.182 0 70.578 49.754 -2.737 19.310 -0.031 -7.914 -5.500 | 147.656 8
PV42 | 502.531 4 9.200 30.426 1 71.338 80.109 -2.716 32.312 0.474 -8.969 -7.243 | 143.335 9
PV43 | 502.531 4 9.200 27.392 0 77.117 77.973 -2.596 31.381 0.092 -7.811 -5.871 | 152.666 9
Pv44 484.470 4 11.200 31.676 1 32.273 2.164 -4.013 0.829 -0.329 -6.221 -5.790 195.158 10
PV45 | 460.879 4 9.200 27.828 0 72.977 49.704 -2.616 41.887 0.053 -7.808 -6.062 | 147.673 8
PV46 460.879 4 9.200 27.798 0 74.626 57.728 -2.554 48.156 0.066 -7.867 -6.126 146.782 8
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Pva7 440.460 4 9.200 27.525 0 75.425 68.138 -2.643 27.126 0.106 -7.872 -6.059 146.253 8
Pv48 367.363 4 10.450 24.009 0 66.339 129.889 -1.386 54.479 -0.505 -3.778 -2.262 146.452 6
PV49 429.434 4 10.450 26.709 0 75.998 180.113 -1.442 77.568 -0.270 -5.217 -3.137 142.740 6
PV50 337.337 4 9.700 23.392 0 64.843 88.698 -1.940 36.072 -0.508 -6.134 -3.593 136.054 2
PV51 353.337 4 9.700 23.346 0 64.620 88.698 -1.912 34.651 -0.519 -5.786 -3.219 142.468 2
PV52 395.374 4 11.700 26.254 0 56.186 37.129 -2.392 14.073 -0.596 -5.806 -3.332 169.479 3
PV53 460.879 4 9.200 27.828 0 72.977 49.704 -2.616 41.887 0.053 -7.808 -6.062 147.673 8
PV54 460.879 4 9.200 27.798 0 74.626 57.728 -2.554 48.156 0.066 -7.867 -6.126 146.782 8
PV55 440.460 4 9.200 27.525 0 75.425 68.138 -2.643 27.126 0.106 -7.872 -6.059 146.253 8
PV56 470.53 4 11.45 28.742 1 19.968 2.101 -2.497 4.05 -0.706 -4.412 -1.766 170.798 8
PV57 452.472 5 9.45 28.304 0 35.43 9.964 -2.914 12.666 -0.663 -3.934 -3.325 173.42 8
PV58 431.450 5 9.950 19.837 0 75.301 110.922 -2.026 45.933 -0.161 -6.769 -4.649 143.206 7
PV59 355.352 5 9.950 20.283 0 66.629 61.575 -2.146 24.313 -0.551 -5.931 -3.429 147.862 6
PV60 435.869 5 9.200 22.145 0 75.206 98.743 -1.857 97.773 -0.093 -6.816 -5.112 134.345 6
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4.2 SYNTHESIS OF COMPOUNDS
PROCEDURE:

COMPOUND EHO01

OH
/E;\HL ’ : C : §
_ _—

T NH, - \l/ L

o 0 N
CH, | |

CH, CH,

EHO1a

EHO1b

EHO1g|

Fig:18 Synthesis Scheme of EHO1
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Step 1 Procedure for the synthesis of (7-methoxy) 2-(phenyl)-4Hbenz-

(1,3)oxazine 4-one 34

2-amino 5-chloro benzoic acid (1.716g) was dissolved in 20ml of anhydrous
pyridine cooled to 0°C and added benzoyl chloride (2.32 ml) with continuous stirring
for 30 minutes. After it was treated with 5% sodium bicarbonate to remove the
unreacted acid till effervescence ceases, the obtained material was filtered. The

product was dried to yield EHO1a.

Step 2 Procedure for the synthesis of (7-methoxy) 2-(phenyl)-4Hbenz-(1,3)

quinazoline 4-one [36]

To compound EHOla (39.5u4 mol) in pyridine equimolar quantity of
ammonium acetate was added and refluxed under microwave irradiation for 5 mins at
425 watts. The mixture was then added to cold water. Allowed to stand for 1hour and
then filtered and dried to yield compound EHO1b.

Step 3 Procedure for the synthesis of (7-methoxy) 2-(phenyl)-4chloro 4Hbenz-

(1,3) quinazoline 4-one 7]

Compound EHO01b (35.7 umol) in thionyl chloride (2ml) containing DMF (10
pl) was refluxed under microwave irradiation for 6 mins at 340 watts. The mixture

obtained was evaporated to get crude product of compound EHO1c.

Step 4 Procedure for the synthesis of (7-methoxy) 2-(phenyl)-4hydrazino

4Hbenz-(1,3) quinazoline 4-one [

Compound EHO1c was dissolved in 10ml ethanol and twice the mole of
hydrazine hydrate and heated under microwave irradiation for 6 mins (425 watts — 4
mins and 570 watts — 2 mins) and cooled to room temperature and then evaporated to

give compound EHO1d
Step 5 Procedure for the synthesis of 4-(hydroxycarbamoyl)benzoyl chloridel*]

The compound EHOle was synthesized by dissolving methyl 4-
[chlorocarbonyl] benzoate in dichloromethane and methanol in the ratio of 1:2 and

then cooling the mixture to 0° C. When the mixture reached 0° C a mixure of
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ammonium hydroxide and sodium hydroxide in methanol was added with stirring.
Then the solution mixture is stirred for 2hrs continuously at 0° C and then filtered and
dried.

Step 6 Procedure for the synthesis of N-hydroxy-4-[N*-(7-methoxy-2-phenyl-3,4-

dihydroquinazolin-4-yl)hydrazinecarbonyl]benzamide [

The compounds EHO01d in triethylamine was added to solution of EHOle in
tetrahydrofuran at 0° C and stirred continuously for 4hrs to yield the compound
EHO1.

COMPOUND EH02

0 cl

0
o o a " N NH
D ———_— -
HE_ /@fL + Hﬂ"// HC /J:j: L /)
o NH, ~o N o N

EHO2a EHO2b

EHO2d

/
d
Ed
a
\4
o
/
e

EHO02d

Fig:19 Synthesis Scheme of EHO02
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Step 1 Procedure for the synthesis of (7-methoxy)-4Hbenz-(1,3) quinazoline 4-

one [39]

2-amino 4-methoxy benzoic acid was dissolved excess quantity of formamide
and refluxed under microwave irradiation for 6 mins at 340 watts. The solution was

then cooled and filtered. The product was dried to yield EHO2a.

Step 2 Procedure for the synthesis of (7-methoxy) 4chloro 4Hbenz-(1,3)

quinazoline 4-one [3%]

Compound EHO02a (35.7 umol) in thionyl chloride (2ml) containing DMF (10
pl) was refluxed under microwave irradiation for 6 mins at 340 watts. The mixture

obtained was evaporated to get crude product of compound EHO2b.

Step 3 Procedure for the synthesis of (7-methoxy) 4hydrazino 4Hbenz-(1,3)

quinazoline 4-one [¥7]

Compound EHO2b was dissolved in 10ml ethanol and twice the mole of
hydrazine hydrate and heated under microwave irradiation for 6 mins (425 watts — 4
mins and 570 watts — 2 mins) and cooled to room temperature and then evaporated to

give compound EHO02c
Step 4 Procedure for the synthesis of 4-(hydroxycarbamoyl)benzoyl chloride [38]

The compound EHO02d was synthesized by dissolving methyl 4-
[chlorocarbonyl] benzoate in dichloromethane and methanol in the ratio of 1:2 and
then cooling the mixture to 0°C. When the mixture reached 0° C a mixure of
ammonium hydroxide and sodium hydroxide in methanol was added with stirring.
Then the solution mixture is stirred for 2hrs continuously at 0° C and then filtered and
dried.

Step 5 Procedure for the synthesis of N-hydroxy-4-[N'-(7-methoxy-3,4-
dihydroquinazolin-4-yl)hydrazinecarbonyl]benzamide [

The compounds EHO02c in triethylamine was added to solution of EHO02d in
tetrahydrofuran at 0° C and stirred continuously for 4hrs to yield the compound EH02

COMPOUND EHO03
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EHO38

111111

Fig:20 Synthesis Scheme of EH03

Step 1 Procedure for the synthesis of (6-chloro) 2-(phenyl)-4Hbenz-(1,3)oxazine

4-onel*

2-amino 5-chloro benzoic acid (1.716g) was dissolved in 20ml of anhydrous
pyridine cooled to 0°C and added benzoyl chloride (2.32 ml) with continuous stirring
for 30 minutes. After it was treated with 5% sodium bicarbonate to remove the
unreacted acid till effervescence ceases, the obtained material was filtered. The

product was dried to yield EHO3a.

Step 2 Procedure for the synthesis of (6-chloro) 2-(phenyl)-4Hbenz-(1,3)

quinazoline 4-one [

To compound EHO3a (39.54 mol) in pyridine equimolar quantity of
ammonium acetate was added and refluxed under microwave irradiation for 5 mins at
425 watts. The mixture was then added to cold water. Allowed to stand for 1hour and
then filtered and dried to yield compound EHO3b.
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Step 3 Procedure for the synthesis of (6-chloro) 2-(phenyl)-4chloro 4Hbenz-(1,3)

quinazoline 4-one 7]

Compound EHO03b (35.7 pmol) in thionyl chloride (2ml) containing DMF (10
pl) was refluxed under microwave irradiation for 6 mins at 340 watts. The mixture

obtained was evaporated to get crude product of compound EHO3c.

Step 4 Procedure for the synthesis of (6-chloro) 2-(phenyl)-4hydrazino 4Hbenz-

(1,3) quinazoline 4-one (38

Compound EHO3c was dissolved in 10ml ethanol and twice the mole of
hydrazine hydrate and heated under microwave irradiation for 6 mins (425 watts — 4
mins and 570 watts — 2 mins) and cooled to room temperature and then evaporated to

give compound EHO3d
Step 5 Procedure for the synthesis of 4-(hydroxycarbamoyl) benzoyl chloride %

The compound EHO3e was synthesized by dissolving methyl 4-
[chlorocarbonyl] benzoate in dichloromethane and methanol in the ratio of 1:2 and
then cooling the mixture to 0°C. When the mixture reached 0° C a mixure of
ammonium hydroxide and sodium hydroxide in methanol was added with stirring.
Then the solution mixture is stirred for 2hrs continuously at 0° C and then filtered and
dried.

Step 6 Procedure for the synthesis of N-hydroxy-4-[N'-(6-chloro-2-phenyl-3,4-

dihydroquinazolin-4-yhydrazinecarbonyl]benzamide [

The compounds EHO3d in triethylamine was added to solution of EHO3e in
tetrahydrofuran at 0° C and stirred continuously for 4hrs to yield the compound EHO3

4.3 CHARACTERIZATION OF SYNTHESIZED COMPOUNDS

4.3.1 Physiochemical analysis

Physical parameters like percentage vyield, molecular weight, molecular

formula, melting point, logP and Rf value of the synthesized compounds were
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determined and is given in table. The final compounds were in moderate to higher

yields. The percentage yield was found to be in the range of 15 — 90%.
4.3.1.1 Melting point

Melting point has to be determined in open capillary tubes with electro

thermal melting point apparatus.

4.3.1.2 Solubility

The solubility of all the compounds should be tested by using methanol,

ethanol, chloroform, Dimethyl formamide, Dimethyl sulfoxide and water.

4.3.1.3 Thin Layer Chromatography

Thin layer chromatography is a method of analysis in which the stationary
phase, a finely divided solid, is spread as a thin layer on a rigid supporting plate and
the mobile phase, a liquid is allowed to migrate across the surfaces of the plate.

Applications of TLC

o To establish the purity and authenticity of starting material and

reagents
o To monitor the reactions, particularly in the case of new reactions
o Assessment of purity of a crude reaction product

o The optimum of experimental conditions to achieve the highest

possible yield of product

Provided that the experimental conditions are reproducible, the movement of
any substance relative to the solvent front in a given chromatographic system is
constant and characteristics of the substance. The constant is called as retention factor
(Rf) and is defined as

Distance travelled by solute

Rf =
Distance travelled by solvent front
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True reproducibility in R¢ value is, however, rarely achieved in practice due to

minor changes in a number of variables such as:
1. The practical size of different batches of adsorbent

2. The solvent composition and the degree of saturation of the chamber
atmosphere with solvent vapor.

3. Prior activation and storage conditions of the plate.
4. The thickness of adsorbent layer, etc.

It is therefore, not desirable to use R value in isolation as a criteria for
identity.

TLC was performed using following procedure:

Dimension of plates : 5*20cm

Stationary phase - Silica gel- G 9E Merck

Mobile phase : Chloroform : Ethanol (9:1)

Technique : Ascending

Detection Method  : lodine Chamber, Fluorescent Chamber

Preparation of Plates

Uniform slurry of Silica gel G was prepared by addition of distilled water.
This was then poured into a spreading trough and drawn across a series of glass plates
of size 5*20cm, depositing a uniform layer of stationary phase of 0.25mm thickness.
The plates were air dried and then activated by heating at 110°C for one hour. The

plates were stored over a dessicator until used.
Mobile Phase

Evaluation of various mobile phases was tried, alone or in combination for

each compound in which Chloroform : Ethanol (9:1) was found to be suited.
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Sample Application and Development

The samples were applied as small spot at about 2cm from the base of the
plate. For ascending development of the thin layer chromatogram, the plate was
placed in a TLC chamber, which was saturated with mobile phase containing the
developing solvent to a depth of about 0.5cm. The solvent was allowed to move up
the plate until it travelled a distance of about 15cm from the point of the sample, on a
20cm plate. The plate was then removed from the chamber, the solvent front was

marked by scratching the surface and the plate was allowed to be evaporated.
Detection

After the chromatogram was developed the solute spots need to be made
visible in order to determine their R¢values. lodine chamber and fluorescent chamber
were employed for the detection of the compounds by placing the plate in iodine
chamber containing iodine crystals or fluorescent chamber. The solutes were visible

as amber color spots.

Table: 5 Physical properties of synthesized compounds

S.No | Compound | Molecular formula | Molecular | Percentage Color Melting R;
code weight (g) yield (%) point (Oc) value*
1 EH Ola ClanNOs 253.2522 17.76 White 210 0.77
EH 01b C15H12N202 252.267 90.91 White 198 0.56
EH 01c C15H13NZOCI 272.7299 82.47 Yellow 232 0.72
EH 01d CisH16N4O 268.3143 58.00 Brown 254 0.78
EH 01 Ca3H20N504 430.4356 85.32 Brown 285 0.55
2 EH 02a C9H8N202 176.1717 17.50 White 225 0.64
EH 02b C9H8N20C| 195.6257 79.91 Yellow 184 0.56
EH 02c CoH11N4O 191.2101 82.47 Brown 245 0.80
EH 02 C17H16N504 354.3394 78.42 Brown 287 0.75
3 EH 03a C14H8N02C| 257.6715 58.14 White 220 0.89
EH 03b C14H9N20CI 256.6872 26.10 White 208 0.74
EH 03c C14H10N202CI2 277.1492 87.26 Yellow 248 0.66
EH 03d C12H13N4Cl 272.7336 43.88 Brown 262 0.75
EH 03 C22H17N503Cl 434.855 82.58 Brown 255 0.69
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4.3.2 Spectral analysis

4.3.2.1 Ultraviolet Spectrophotometry

Molecular absorption in the ultraviolet and visible region of the spectrum is
dependent on the electronic structure of the molecule. Characteristic group with
diverse electronic environment absorbs at selective wavelength and which helps in

recognizing characteristic groups in a molecule of widely varying complexity.
UV spectra will be recorded on SHIMADZU 1700A spectrophotometer.

Table: 6 UV-vis spectral data of synthesized compounds

Code Amax (nm) Absorbance
EH Ola 294 1.3412
EH 01b 262 0.5352
EH Olc 299.5 1.1456
EH 01d 278 2.598
EH 01 296 3.402
EH 02a 292 2.596
EH 02b 283 0.935
EH 02c 260 2.576
EH 02 295 2.486
EH 03a 274 1.452
EH 03b 295 2.546
EH 03c 262 3.999
EH 03d 282 3.999
EH 03 297 2.356

4.3.2.2 IR Spectroscopy

The range of electromagnetic radiation between 0.8 and 500um is referred as
infrared radiation. An IR spectrum is commonly obtained by passing IR radiation

through a sample and determining what fraction of the incident radiation is absorbed
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at a particular energy. The energy at which any peak in an absorption spectrum
appears corresponds to the frequency of a vibration of a part of a sample molecule.

Procedure: Pellet Technique

Solid samples should be intimately mixed with dry powdered potassium
bromide. The mixture will then be pressed between a punch and disc under pressure
of 1,00,000 — 15000 psi to form a transparent disc. The IR spectral study will be done
on JASCO 4100 FTIR for the synthesized compounds to confirm their functional

groups.

The spectral data showed the presence of functional groups in the synthesized

compounds.
4.3.2.3 NMR Spectroscopy

NMR spectroscopy is an important tool for determining the structure of a
molecule. NMR spectrum can give almost detailed information about molecular
structure. NMR spectroscopy of the synthesized compounds has been done to
confirm the molecular structure of the compounds. NMR spectrum can give almost

unbelievably detailed information about molecular structure:

a. The number of signals: which tell us how many different kinds of protons

there are in a molecule

b. The positions of the signals, which tell us something about the electronic

environment of each kind of proton.

c. The intensities of the signals, which tell us how many protons of each kind
there are; and

d. The splitting of a signal into several peaks, which tell us about the

environment of a proton with respect to other, nearby protons.

NMR spectral study was done on Bruker Fourier, Transform-NMR

Spectrometer on selected compound.
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The spectral data for the prototype compound EHO3 was given as follows.

Table: 7 NMR spectral data of Compound EHO03

S.No

'H NMR (6/ppm)

1

15.03 (s, 1H - NH - OH)

12.52 (s, 1H - NH - OH)

115 (s, IHNH - C = 0)

105 (s, 1H Ar - NH)

8.71 - 7.41 (m, 13H, Ar - H)

Fig: 21 NMR spectra of Compound EH 03

4.4 Cytotoxicity Study

Current Data Parameters
NAM| Oct16-2019
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20191016

Time 8.35

INSTRUM sgecl
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 32768
SOLVENT DMSO
NS 32

DS 2

SWH 10330.578 Hz
FIDRES 0.315264 Hz
AQ 1.5859712 sec
RG 203

bW 48.400 usec
DE 6.50 usec
TE 295.6 K

D1 1.00000000 sec
TDo 1

11.88 usec
B

PL1W 23.53637505 W
SFO1 500.1330885 MHz

F2 - Processing parameters

S 32768

SF 500.1300043 MHz
DW EM

SSB o

LB 0.30 Hz

GB

PC 1.00

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay is

a type of colorimetric assay which involves the measurement of the oxidoreductase

enzyme activity in the cells which converts soluble dye MTT (yellow color) into
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insoluble Formazan (purple color). It is used to determine the viability and
proliferation of the cells. The cytotoxicity of the drugs or medicinal compounds can
be determined using this study. Since, the anticancer drugs have to act on the
cancerous cells and should inhibit its proliferation, the MTT assay is done for

determing the cytotoxicity of the synthesized compounds. ©%:42
Cell line

The MCF-7 cell line was obtained from National Centre for Cell Science (NCCS),
Pune and grown in Eagles Minimum Essential Medium containing 10% fetal bovine
serum (FBS). The cells were maintained at 370C, 5% CO2, 95% air and 100%
relative humidity. Maintenance cultures were passaged weekly, and the culture

medium was changed twice a week.
Cell treatment procedure

The monolayer cells were detached with trypsin-ethylenediaminetetraacetic
acid (EDTA) to make single cell suspensions and viable cells were counted using a
hemocytometer and diluted with medium containing 5% FBS to give final density of
1x105 cells/ml. One hundred microlitres per well of cell suspension were seeded into
96-well plates at plating density of 10,000 cells/well and incubated to allow for cell
attachment at 370C, 5% CO2, 95% air and 100% relative humidity. After 24 h the
cells were treated with serial concentrations of the test samples. They were initially
dissolved in dimethylsulfoxide (DMSQO) by sonication and an aliquot of the sample
solution was diluted to twice the desired final maximum test concentration with serum
free medium. Additional four serial dilutions were made to provide a total of five
sample concentrations. Aliquots of 100 pl of these different sample dilutions were
added to the appropriate wells already containing 100 ul of medium, resulting in the
required final sample concentrations. Following sample addition, the plates were
incubated for an additional 48h at 370C, 5% CO2, 95% air and 100% relative
humidity. The medium containing without samples were served as control and

triplicate was maintained for all concentrations.

After 48 h of incubation, 15ul of MTT (5mg/ml) in phosphate buffered saline
(PBS) was added to each well and incubated at 370C for 4h. The medium with MTT
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was then flicked off and the formed formazan crystals were solubilized in 100ul of
DMSO and then measured the absorbance at 570 nm using micro plate reader.

Con pg/mi Absorbance Percentage inhibition
%
0 0.989 100 0
5 0.801 80.9909 19.0091
10 0.698 69.66633 30.33367
20 0.512 51.76946 48.23054
40 0.387 39.13043 60.86957
60 0.231 23.35693 76.64037
80 0.124 12.53792 87.46208
. The percentage cell growth was then calculated with respect to control as
follows

% Cell viability = [A] Test / [A]control x 100

Plot Non-linear regression graph between % Cell inhibition and logio

concentration Determine 1Cso using Graph Pad Prism software

In vitro anticancer activity of compound EHO1 in MCF-7 cell line

90
80

70 _—
60
50 /
40 //
30
4
10
0 d . . . . .

0 20 40 60 80 100

Fig: 22 Percentage inhibition of compound EHO01
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In vitro anticancer activity of compound EHO2 in MCF-7 cell line

Con pg/ml Absorbance Percentage
inhibition %
0 0.6935 100 0
5 0.512 73.828841 26.17159
10 0.426 61.42754 38.57246
20 0.325 46.86373 53.13627
40 0.235 33.8609 66.11391
60 0.218 31.43475 68.56525
80 0.162 23.35977 76.64023
100
90
80 /
70 /
0 -
50 /
40 /
30
20
10
’ 0 2|0 4|o 6I0 slo 1c|)0

Fig: 23 Percentage inhibition of compound EH02
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In vitro anticancer activity of compound EHO3 in MCF-7 cell line

Con pg/ml Absorbance Percentage inhibition
%
0 0.989 100 0
5 0.881 89.07988 10.92012
10 0.693 70.07078 29.92922
20 0.534 53.99393 46.00607
40 0.457 46.20829 53.79171
60 0.281 28.41254 71.58746
80 0.129 13.04348 86.95652
100
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Fig: 24 Percentage inhibition of compound EH03
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Fig: 25 % growth inhibition of Compound EHO01

0 pg/ml 10 pg/ml

20 pg/ml 40 pg/ml

60 pg/mi 80 pg/ml
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RESULT AND DISCUSSION

The EGFR and HDAC over-expression have been found to play a major role
in cancer especially in mammary carcinoma condition. Thus inhibition of these targets
may result in a compound with good anti-cancer activity against breast cancer. Multi
targeted compound against both these two targets helps to improve efficacy of the
compound. Hence, these two targets have been chosen as targets for designing dual

inhibitor for breast cancer.

Docking Results:

To investigate the binding modes, molecular docking of ligands against EGFR
and HDAC proteins were performed using the GLIDE program (version 10.1,
Schordinger, LLC, NewYork 2015). To study interaction of ligands with targets the
Maestro user interface (version 10.1 , Schordinger, LLC, New York 2015) was
employed to set up and execute the docking protocol and also for analysis of the

docking results. Validation of docking protocol was done by re-docking.

Crystal structure of the targets have been selected from protein data bank
based on certain criteria like resolution, method of preparation, etc., On docking
studies it was observed that all the compounds bind at the active site of the targets

with good affinity and had good interaction.

Amongst, PV58, PV59, PV60 was found with highest docking score and

hydrogen bond interaction and pi-pi staking with the receptors.
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The compounds with their docking scores are as follows:

PV 58 [N-hydroxy-4-[N'-(7-methoxy-2-phenyl-3,4-dihydroquinazolin-4-
yl)hydrazinecarbonyl]benzamide]
Docking scores: 1XKK = -7.486

1T69 =-9.887
8]
_OH
N
_NH
HMN

PV 59 [N-hydroxy-4-[N'-(7-methoxy-3,4-dihydroquinazolin-4-
yl)hydrazinecarbonyl]benzamide]

Docking scores: 1XKK =-8.611

1T69 =-9.780
O
HO._
M
e
HM._
NH

PV 60 [N-hydroxy-4-[N’-(6-chloro-2-phenyl-3,4-dihydroquinazolin-4-
yl)hydrazinecarbonyl]benzamide]
Docking scores: 1XKK =-7.232
1T69 = -9.286
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From this data, it was found that by combining the pharmacophore of EGFR
inhibitors and HDAC inhibitors, the new designed compound can inhibit both the
targets with good binding affinity.

The compound EHO1 showed 3H bond with Asp 800, ARG 811 and ASP 855
when docked against 1XKK. 3H bond with ASP 101, GLY 151 and GLY 206 and 2
pi-pi stacking with PHE 152 and PHE 208 with 1T69.

The compound EH02 showed 3H bond with ASP 100 and MET 793 when
docked against 1XKK. 4 H bond with GLY 151 and ASP 101 and 1 pi-pi stacking
with PHE 152 when docked with 1T69.

The compound EHO3 showed 5H bond with CYS 797, ALA 722, ASP 837
and 855, ASN 942 with 1XKK. 2H bond with ASP 101 and GLY 151 and 2 pi-pi
stacking with PHE 152 and 207 with 1T609.

Prediction of ADME Properties:

Poor pharmacokinetic profile is one of the major limitations for the failure of
many drugs. ldeally drug should be easily absorbed from the site of administration,
transported to active site without non-specific interactions, with maximum efficacy
and safety, easily metabolized and eliminated without giving any toxic metabolites
from the body are collectively termed as ADMET properties.

Predicting the ADMET properties by computational programs in the advanced
stages of drug discovery helps in the design of safe and effective drugs; it also reduces
cost and saves lot of time. ADMET related properties of the ligands were predicted by

the Qikprop module of Schrodinger software.

According to Lipinski criteria for the drug candidate should have molecular
weight < 500, log P <5, hydrogen bonding donors (HBD) < 5 and hydrogen bonding
acceptors (HBA) < 10. Most of the designed ligands obeyed Lipinski rules except
PV25.

QPPCaco, QPlogBB represents the apparent cell permeability of the
compounds. Caco-2 cell is best model and widely used to predict the apparent cell
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permeability of drug candidates for intestinal absorption. Recommended value by
software is in the range of 25-500 i.e., less than 25 is poor and greater than 500 have
high permeability.

Predictions are confined to non-active transport and all the ligands have
QPPCaco value within the range except PV11, 12, 14, 18, 19, 21, 44, 56, 57. It

reveals that ligands have good intestinal absorption.

QPlogBB values of the compounds are also found to be good except PV 11,
24, 25, 32, 44.

The aqua solubility parameter (QPlogS) of tested ligands were found in the
permissible range (-6.5 to 0.5). However ligands PV11, 42, 45, 46, 47, 53, 54, 55
violate this rule.

Qikprop also explored the percent Human Oral Absorption of ligands most of
the ligands had an excellent oral absorption. Those with good absorption are PV09,
20, 23, 41, 42, 43, 45, 46, 47, 49, 53, 54, 55, 58, 59, 60.

The estimation of surface contributions of polar fragments is determined by
Topological Polar Surface Area (tPSA). All compounds had favourable tPSA values
in the range of 51.91 to 127.87A°, which assures good impact on bioavailability of the
molecule, except PV11.

The QPPMDCK predicted apparent MDCK cell permeability. MDCK cells are
considered to be a good mimic for the blood-brain barrier. Higher the value of
MDCK cell, higher the cell permeability. The results revealed that all the compounds
were within range of limit except PV11, 14, 18, 19, 21, 24, 25, 32, 44, 56.

Based on the docking studies as well as pharmacokinetic studies three ligands
have been selected for further screening. The selected ligands are PV58, 59 and 60.
They were re-coded as EHO1, EHO2 and EHO3 respectively for easy identification.

These selected compounds have entered into next phase of study.

Synthesis and Characterization:
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The selected compounds were synthesized using the above mentioned scheme

and further analysis was done on those compounds.

The physical properties like melting point, solubility, and analytical studies
like TLC, UV, IR and NMR spectroscopy of the synthesized compounds have been

performed for identification of the compounds.

The NMR spectra for the prototype compound EHO3 was found to be

15.03 (s, 1H - NH - OH)
12.52 (s, 1H - NH - OH)

11.5(s, IHNH - C = 0)
10.5 (s, 1H Ar - NH)
8.71-7.41 (m, 13H, Ar - H)
The presence of these peaks showed the confirmation of the compound

formation.
Biological activity:
In-vitro cytotoxicity studies:

All the synthesized compounds were screened for their in-vitro cancer cell line
assay based on cell viability using the dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT)

The microculture tetrazolium assay is based on metabolic reduction of dye
MTT to water soluble blue formazan crystal by mitochondrial dehydrogenase

enzyme.

The formation of formazan complex is directly proportional to number of

viable cells. The compounds were tested against MCF-7 cell line.

All the compounds showed good inhibition of cell growth on screening. Their
percentage inhibition was found to be 87.46, 76.64 and 86.96 for EHO01, EHO02 and
EHO3 respectively.
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The compound EHO1 showed higher percentage inhibition of cell growth
compared to others. The docking as well as pharmacokinetic properties of the
Compound EHO1 was also found to be good. Hence the development of compound

EHO1 and further screening of this compound can lead to identification of effective
drug molecule.
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CONCLUSION

A new series of quinazoline derivatives have been designed and evaluated in-
silico for their activity as dual inhibitor against targets like EGFR and HDAC. The
compounds with good efficacy and pharmacokinetics have been synthesized and
screened for its efficacy in-vitro. The compound EHO01 (N-hydroxy-4-[N'-(7-
methoxy-2-phenyl-3,4-dihydroquinazolin-4-yl)hydrazinecarbonyl]benzamide)
showed good anticancer activity against MCF-7 cell line. This opens an area on
anticancer research by providing a small idea that by combining the pharmacophore
of two different targets we can get a newer compound with greater efficacy towards

both the targets.
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