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Keywords: ABSTRACT: Indibulin (N-(pyridin-4-yl)-[1-(4-chlorbenzyl)-indol-3-yl]-
Indol-3yl-glyoxylamide, Tubulin glyoxyl-amid; Z10-301 or D-24851) is a novel synthetic, orally active anti-
inhibitors, Anticancer, Doéking, Drug  Mitotic agent that binds tubulin, destabilizes microtubulin polymerization,

likeness properties and arrests tumor cell growth at the G2/M phase. Its tubulin binding site is
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Kerala, India. structural analogy to natural anticancer products (vinca alkaloids or
combretastatin) and exhibited anticancer activity through tubulin
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inhibitors identified in recent years. The Substituted 2-Phenyl-1H-Indol-3yl
Glyoxylamidewere was computationally designed and energy minimized. All
the designed compounds show zero violations of the rule of 5, which
indicates drug-likeness properties and good bioavailability. Among these,
several aryl/ heteroaryl substituted indolylglyoxyamides have shown good
inhibition towards tubulin polymerization.

INTRODUCTION: Cancer is a broad term. It While it may sound bad, cell death is part of a
describes the disease that results when cellular natural and beneficial phenomenon called
changes cause the uncontrolled growth and division  apoptosis. A cell receives instructions to die so that
of cells. Some types of cancer cause rapid cell the body can replace it with a newer cell that
growth, while others cause cells to grow and divide  functions better.

at a slower rate. Certain forms of cancer result in
visible growths called tumors, while others, such as
leukemia, do not. Most of the body’s cells have
specific functions and fixed lifespans.
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Cancerous cells lack the components that instruct
them to stop dividing and to die. As a result, they
build up in the body, using oxygen and nutrients
that would usually nourish other cells. Cancerous
cells can form tumors, impair the immune system
and cause other changes that prevent the body from
functioning regularly. Cancerous cells may appear
in one area, then spread via the lymph nodes. These
are clusters of immune cells located throughout the
body.

Microtubules: Microtubules were first introduced
into clinical use in the late 1950s. Fundamentally,
MTAs induce mitotic arrest through interference
with intracellular transport and suppression of
microtubule dynamics, resulting in cytotoxicity
Fig. 2.
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Functions of Microtubules: Microtubules are
involved in a number of cellular processes, such as
the maintenance of cell shape, division and
migration, intracellular transport, and endothelial
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cell biology. They play a crucial role in the
assembly of the spindle apparatus and the right
segregation of chromosomes. Their crucial
involvement in the formation of mitotic spindles
during cell division makes them an attractive target
for cancer therapy.

Mechanism of Action: Tubulin dynamics is a
promising target for new chemotherapeutic agents.
The colchicine binding site is one of the most
important  pockets  for  potential  tubulin
polymerization destabilizers. Colchicine binding
site inhibitors (CBSI) exert their biological effects
by inhibiting tubulin assembly and suppressing
microtubule formation. A large number of
molecules interacting with the colchicine binding
site have been designed and synthesized with
significant structural diversity. CBSIs have been
modified as to chemical structure as well as
pharmacokinetic properties and tested in order to
find a highly potent, low toxicity agent for
treatment of cancers. Drugs that disrupt
microtubule/tubulin dynamics are used widely in
cancer chemotherapy. The vast majority of these
molecules act by binding to the protein tubulin, an
a, Pheterodimer that forms the core of the
microtubule. Microtubule targeting agents (MTA)
are also named anti-mitotic agents, which perturb
not the only mitosis but also arrest cells during
interphase. MTAs interact with tubulin through at
least four binding sites: the laulimalide, taxane/
epothilone, vinca alkaloid, and colchicine sites Fig.
3.
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Similar to paclitaxel, Laulimalide can promote the
tubulin-microtubule assembly but binds to a
different site on the microtubules *. Taxanes,
including paclitaxel and docetaxel, bind to
polymerized microtubules at the inner surface of
the B subunit, and are widely used in the treatment
of lung, breast, ovarian and bladder cancers.
Taxanes promote tubulin stabilization, thereby
interfering with tubulin dynamics. Vinca alkaloids,
including vinblastine, vincristine, and vinorelbine,
promote the depolymerization of microtubules.
They generally bind with high affinity to one or a
few tubulin molecules at the tip of microtubules but
do not copolymerize into microtubules. Indeed,
vinblastine prevents the self-association of tubulin
by interacting at the interface between two af-
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tubulin heterodimers 2. The fourth group of
microtubule interfering agents is represented by
colchicine, which also induces microtubule
depolymerization. In contrast to agents binding to
the other three sites, colchicine binds with a high
affinity to tubulin that can become copolymerized
into microtubules. Colchicine binding to B-tubulin
results in a curved tubulin dimer and prevents it
from adopting a straight structure due to a steric
clash between colchicine and otubulin, which
inhibits microtubule assembly 3. Given the success
of the taxanes and vinca alkaloids, which have
established tubulin as a valid target in cancer
therapy, research efforts have been focused on
developing colchicine-like compounds for cancer
treatment.
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FIG. 4: TUBULIN BINDING SITES (BS) OF MICROTUBULE TARGETING AGENTS

Indibulin: Indibulin is a derivative of Indole-3-
glyoxylamide.The ZIOPHARM ONCOLOGY, in
its annual meeting which was held in Chicago on
June 03, 2007, announced the presentation of

alkaloids. D-24851 destabilizes microtubules and
blocks cell cycle transition, specifically at the G2-
M phase.

interim Phase | data. Dr. RL. Oostendorp Indibulin - M
from the department of Medical Oncology, The O - f
Netherlands Cancer Institute, presented the poster A
entitled “Phase 1 and pharmacological study of =
orally administered indibulin in advanced solid [
tumors” Indibulin is a novel, oral synthetic anti- N
mitotic agent related to but with a different \
mechanism than other tubulin-binding drugs that
include the widely used taxanes and the vinca
TABLE 1:
S. no. Phase Status Purpose Conditions Count
1 1 Completed Treatment Cancer, Advanced 1
1 Completed Treatment Tumors, Solid 1

3 1 Unknown Treatment Advanced Solid Tumors 1

4 1 Unknown Treatment Tumors, Solid 1

5 1,2 Unknown Treatment Advanced Solid Tumors 1

6 1,2 Unknown Treatment Metastatic Breast Cancer 1
International Journal of Pharmaceutical Sciences and Research 5606
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Indole Nucleus in Anticancer Research: Indole
analogs are one of the most widely distributed
heterocyclic nitrogen compounds in nature, having
biological significance. Due to their biological
importance, they continue to attract medicinal
chemists to find indole-derived new pharmaceutical
agents. The indole ring system is present in various
marketed drugs. This ring system represents one of
the essential parts of various drugs found in natural,
semisynthetic, and synthetic molecules with diverse
pharmacological  activities. Due to the
pharmacological importance of the indole ring
system, it has become a privileged building block
for the pharmaceutical industry and academic
research drug discovery centers. More often,
indoles have been used as drugs for diseases related
to the CNS, but in recent years researchers have
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been trying to develop indole-based drugs for
cancer Discovery of vinca alkaloids in the 1950s
as anticancer agents was a major breakthrough in
indole-based cancer chemotherapy vincristine and
vinblastine are among the earliest anticancer drugs
being recognized as tubulin inhibitors. Intensive
research in identifying new indole-based tubulin
polymerization inhibitors will continue to dominate
the synthetic efforts of many medicinal chemists
working in the field. Large numbers of indole
derivatives have been developing as tubulin
inhibitors each year. Based on this, substituted 2-
Phenyl-1H-Indol-3ylI Glyoxylamide were
computationally designed and energy minimized.
All the lead representative molecules are designed
and developed as tubulin polymerization inhibitors.
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Molecular Docking Methodology: Docking
studies of the compounds were performed using a
nuclear protein, Tubulin polymerase (PDB ID:
1SAQO) obtained from the RCSB Protein Data
Bank.

The computational modeling studies relied upon
the PACTH DOCK for docking simulations. These
simulations were performed using the X-ray
structure of the PDB ID. All the water molecules in
the crystal structure were deleted, bond orders were

International Journal of Pharmaceutical Sciences and Research

assigned, hydrogens were added and the protein
was then further refined for docking studies.

Chem Bio Draw Ultra: The structures of all the
ligands were prepared using Chem Bio Draw Ultra
8.0, software for drawing chemical structures
developed by Cambridge Pvt. Ltd.

Protein Data Bank (PDB): PDB is single, a global
archive for information about the 3D structure of
biological macromolecules as determined by NMR
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spectroscopy, cryo-electron microscopy, X-ray
crystallography. The X-ray crystal structures of
epidermal growth factor receptor tyrosine kinase
(PDB: 1SAOQO) were retrieved from the RCSB
Protein data bank.

Preparation of Protein: A typical PDB structure
file is made up of heavy atoms and includes a co-
crystallized ligand, water molecules, metal ions,
and cofactors.
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Structures that are multimeric may need to be
reduced to a single unit. PDB structures may have
some missing information on connectivity that
must be assigned with bond orders and formal
charges

Rational Drug Design: Indibulin is a new
generation of anticancer compounds with anti-
mitotic properties. Unlike many anti-mitotic agents,
it does not exert peripheral neuropathy.

TABLE 2: MOLECULAR PROPERTIES AND BIOACTIVE SCORE OF COMPOUNDS

COMP LogP TPSA MW No of No of Violation No of Molar
Hydrogen bond acceptor Hydrogen bond donor Rotatable bond volume
IG-1 409 6196 340.38 4 2 0 4 306.21
IG-2 476 6196 374.83 4 2 0 4 319.74
IG-3 361 8219 356.38 5 3 0 4 314.23
1G-4 1.08 116.33 420.45 7 3 0 5 345.66
IG-5 278 122.12 419.46 7 4 0 5 348.93
1G-6 4 99.26  384.39 6 3 0 5 333.21
IG-7 319 7485 341.37 5 2 0 4 302.05
IG-8 280 74.85 341.37 5 2 0 4 302.05
IG-9 314 7485 347.40 5 2 0 4 292.76
IG-10 169 77.22 34841 6 3 0 4 316.35
TABLE 3: MOLECULAR PROPERTIES AND BIOACTIVE SCORE OF COMPOUNDS
Comp GPCR lon channel Kinase Nuclear Protease Enzyme
inhibitor receptor inhibitor inhibitor

1G-1 0.07 -0.11 0.18 -0.22 -0.19 0.01

1G-2 0.06 -0.11 0.16 -0.23 -0.22 -0.03

1G-3 0.10 -0.07 0.21 -0.09 -0.17 0.05

1G-4 0.14 -0.03 0.06 -0.40 -0.10 0.13

1G-5 -0.02 -0.18 0.14 -0.39 -0.03 0.11

1G-6 0.07 -0.10 -0.13 -0.07 -0.15 0.06

1G-7 0.20 -0.04 0.39 -0.26 -0.08 0.11

1G-8 0.15 -0.01 0.33 -0.24 -0.12 0.16

1G-9 -0.03 -0.21 0.26 -0.40 -0.21 0.03

1G-10 0.25 -0.09 0.18 -0.39 -0.00 0.06

o rH- Pz
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o
2 phenyl 1H indol 3 vl ghyoxylamide

TABLE 4: PATCH DOCK- ACE VALUE INSILICO DOCKING RESULTS AGAINST TUBULIN POLYMERASE (1SAO)

R, R,-COCH3 P-OH P-NO, P-OCH;  2,6Dihydroxy P-CI P-NH,

1G1-10 1G11-20 1G21-30 1G31-40 1G41-50 1G51-60 1G61-70

Aniline -387.63 -403.74 -413.64 -386.04 -415.47 -383.71 -404.89

P-Cl aniline -370.73 -381.65 -419.90 -406.92 -395.20 -431.42 -430.32

P- OH aniline -385.68 -424.36 -421.23 -402.73 -421.70 -370.72 -399.15

Sulphanilic acid -468.38 -471.83 -451.90 -443.38 -461.48 -430.09 -453.30

Sulphanilamide -422.27 430.59 -470.92 -438.81 -475.22 458.54 -433.87

P-aminobenzoicacid -385.68 -427.34 -422.14 -451.81 -394.17 -404.97 -411.30

2-aminopyridine -388.40 -389.80 -406.01 -394.40 -388.27 392.38 -399.39

4-amino pyridine -396.88 -411.29 -406.34 430.19 -424.58 -415.27 -413.00

2-amino thiazole -419.99 -424.78 -429.99 -439.15 -407.51 -435.17 -433.85

piperazinamine -399.81 -403.83 -420.64 -401.84 -393.26 -408.14 -408.59
International Journal of Pharmaceutical Sciences and Research 5608
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TABLE 5: INSILICO DOCKING RESULTS AGAINST TUBULIN POLYMERASE (1SAO) LEAD COMPOUNDS
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CONCLUSION: A series of new appropriately N-
aryl/heteroaryl-2-aryl indol-3- ylglyoxylamides
were computationally designed and energy
minimized. The molecular properties were
calculated from suitable computational tools. These
ligands were investigated for drug-like properties
by calculating Lipinski’s rule of five using
molinspiration. All of the derivatives showed zero
violations of the rule of 5, which indicates good
bioavailability.

These compounds were docked into the active site
of tubulinpolymerase (PDBcode-1SAQ) using
patch dock software, which showed good binding
energy for the enzyme compared with the binding
energies of indibulin (403 kcal/mol.) Among all the
designed ligands, the ligand glyoxylamide side
chain contains sulphanillic acid, sulphanilamide,
and 5-memebered heterocyclic derivatives showed
maximum enzyme inhibitory activity compared to
the indibulin. The substituted phenyl ring at C-2
position of indoleglyoxylamide skeleton may
enhance their binding energy. According to the
docking study, the identified lead moiety showed
better binding energies (-389.80 to 471.83) when
compared to the standard. In the 3-glyoxyl-
2phenylindole  derivatives, the most potent
derivative were as active site as colchicine, and
they strongly inhibited the cell growth

Future Studies: Synthesis of lead compounds to
perform the spectral characterization of the lead
molecule. To perform the comparative study of

International Journal of Pharmaceutical Sciences and Research
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derivatives containing aromatic amines and
hetrocyclic amines. To perform the anticancer,
antioxidant and antimicrobial activity.
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