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ABSTRACT

Indole is a bicyclic aromatic heterocyclic organic compound
comprising of a six membered benzene ring fusedto a five-membered
nitrogen-containing pyrrole ring. It is an excellent scaffold in drug
discovery which provides numerous opportunities in the discovery of
novel drugs with different mechanism of action. It has a very unique
property of mimicking different structures of proteins and binding to
enzymes in a reversible manner. A vast research has occurred on
indole and its derivatives which resulted in many approved indole
containing drugs in the world market as well as many are in the

pipeline stages. The recent identification of an indole analog as a

potential new anticancer lead. Indole nucleus is continuously drawing interest for

development of newer drug moiety due to its wide range of activities like anticancer,

antibacterial, antifungal, anti-malarial, anticonvulsant and anti-inflammatory. The research is

going on in nucleus. In recent years, a wide range of research has been done in the field of

anti-cancer drug development. Since indole nucleus has shown quite good response as an

anticancer agent, hence this nucleus has become an interest in the field of research. Indole is

present in Vinca alkaloid which can be used as an anti-cancer agent. So keeping in mind this

point indole has been used for better anti-cancer activity of target compound. This review

was focused on the indole and its derivatives that are now in development.
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INTRODUCTION

Cancer, known medically as a malignant neoplasm, is a broad group of various diseases, all
involving unregulated cell growth. In cancer, cells divide and grow uncontrollably, forming
malignant tumors, and invade nearby parts of the body. The cancer may also spread to more

distant parts of the body through the lymphatic system or bloodstream.

Not all tumors are cancerous. Benign tumours do not grow uncontrollably, do not invade
neighboring tissues, and do not spread throughout the body. There are over 200 different

known cancers that afflict humans. Determining what causes cancer is complex.

Many things are known to increase the risk of cancer, including tobacco use, certain
infections, radiation, lack of physical activity, obesity, and environmental pollutants. These
can directly damage genes or combine with existing genetic faults within cells to cause the
disease. Approximately five to ten percent of cancers are entirely hereditary.

Cancer can be detected in a number of ways, including the presence of certain signs and
symptoms, screening tests, or medical imaging. Once a possible cancer is detected it is

diagnosed by microscopic examination of a tissue sample.

Cancer is usually treated with chemotherapy, radiation therapy and surgery. The chances of
surviving the disease vary greatly by the type and location of the cancer and the extent of
disease at the start of treatment. While cancer can affect people of all ages, and a few types of
cancer are more common in children, the risk of developing cancer generally increases with

age.l!

Normal and Cancer Cells

Structure

Cancer

f Cytoplasm

Nucleus
Nucleolus

Chromatin

— Large cytoplasm — Small cytoplasm
— Single nucleus — Multiple nuclei
— Single nucleolus — Multiple and large nucleoli

— Fine chromatiq T For Coarse chromatin
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Types of cancer: Cancers are classified by the type of cells that constitutes the tumor and,
therefore, the tissue presumed to be the origin of the tumor.

 Carcinoma: cancer that affects the epithelial tissues that lines internal organs. The most
common cancers like breast, prostate, lung and colon cancer come under this category.
 Sarcoma: cancer that begins in connective or supportive tissue (e.g., bone, cartilage, fat,
muscle, blood vessels).

* Leukemia: cancer related to blood-forming tissue.

* Lymphoma: cancers that affects the lymphatic tissue.

* Myeloma: cancer that begins in bone marrow.

* Blastoma: cancer that begins in embryonic tissue.

* Central nervous system cancers: cancers that begin in the tissues of the brain and spinal
cord.™

According to the National Cancer Institute, there are over 100 types of cancer. The most
common types include lung, breast, and prostate cancer. These 3 alone account for an

estimated 689,000 new cases every year.

Different Kinds of Cancer

Leukemias:

Some common
Bloodstiream

carcinomas:
Lung —_— Lymphomas:

Lymph nodes
Breast (women)

Colon — o, |
_' { Ty ¢ Some common
Bladder B E=S -2 ) sarcomas:
Prostate (men) . 1 [

- — Bone

Muscie

image Source: hitp://cisncancer.org

Indole

The chemistry and biological study of heterocyclic compounds has been an interesting field
for a long time in medicinal chemistry. A number of heterocyclic derivatives containing
nitrogen atom serve as a unique and versatile scaffolds for experimental drug design. The
name indole is deriving from the words indigo and oleum, since indole was first isolated by
treatment of the indigo dye with oleum. Indole chemistry began to develop with the study of

the dye indigo.
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Indole is a benzopyrrole in which the benzene and pyrrole ring are fused through the 2- and
3- positions of the pyrrole nucleus. The indole ring is also found in many natural products

such as the indole alkaloids, fungal metabolites and marine natural products.

Indole derivatives are found to contain several biological activities those antibiotic, anti-

inflammatory, analgesic, anticonvulsant, antimalarial, anticancer, antiulcer.

Reactivity of Indole

Indole is aromatic heterocycle, but exhibit very distinctive reactivity. Here are some general
rules.

¢ The nitrogen is not basic. (pKa -3.6)

¢ Indole can readily undergo aromatic electrophillic substitution. The C-3 position is the
most nucleophillic, followed by the N and C-2 positions.

% The C-2 — C-3 bond can often react like alkenes.

+* Indole can be deprotonated at nitrogen. The resulting salts can be good nucleophiles.

¢+ Highly ionic salts (e.g. Li+, K+) favours N substitution.

% Softer counter ions favours C-3 substitution When N is substituted, C-2 can be

deprotonated.”

In The Recent Years A Number of Indole Derivatives Have Been Synthesized and
Found to Display Anti-Cancer Activity.

Indole and their derivatives were evaluated for anticancer activity by various researchers.
Here we are presenting a list of few anticancer activities reported by the researchers on indole

and their derivatives.
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Author Synthesized Compounds Therapeutic Indication Cell lines
Oas g
H
e N Human nasopharyngeal
4 HsC H carcinoma and Gastric HONE-1 &
Hong et al*! .
oH O adenocarcinoma. NUGC-3
-0~
H 0
N /
NH — ( <M=
O
- SIS
N
Garcia et al®® % (prostate) cancer PC-3
[ >
OH
\o

Rossiteret al ! HsC Lung fibroflasts V79

\

N

H
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Queirozet al.[”

(Breast
adenocarcinoma), (non-
small cell lung cancer),
and (CNS cancer).

MCEF-7, CI-
H460 & SF-268

COMP R2
Doris Kaufmann et al™® a H H Human breast cancer
b I H cells. --
c J H
d F H K Sec-Bu H
e H Cl L Ter-Bu H
f Me Cl M n-Pen H
7 NS N
T =
[9] = . ..
Fan Zhang et al COMP R Ro R3 Anti-tumor activity --
A 3,4,5 — trimethoxy H H
B 3- bromo-4,5- dimethoxy H H
C 2,3,4- trimethoxy H H
D 3,4,5- trimethoxy 5-Cl H
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UlrichJacquemard et. alt*®!

CDK inhibitors

A
EkhlassNassar et. al.*"! > Antitumorand
T H Antimicrobial Activity
COMP R
A H
B n-Propyl
C CeHs
D 4-MeOCgH,
Ry
>~
N
Rs
(@]
o= Potent inhibitors for
Huasheng Ding et. alt*? i AKT-m TOR signaling | --
O pathway kinases
COMP R1 R2
A H H
B OCH3 H
C H H
D OCH3 H
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Magdy A H Zahran et. al**!

Ar,

Antitumor activity

N
\
R
COMP R Ar Ar’
A Allyl C6H5 C6H5
B Allyl 4-MeC6H4 3NO2C6H5
C Benzyl C6H5 4PhC6H4
E Benzyl 4-MeC6H4 C6H5
HSN
° —
N =
N
N
Abdel-RahmanFarghaly et. al™! N Antitumor activity
H;CO
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Ahmed Kamal et al.[*®]

A
w

g e o e o e e e e

I IT|T|IT|T|T|T|T|T

Anticancer activity

Yu-Shan Wu et. all*®!

CH3

CH2CH3

Anticancer agents
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Palwinder Singh et. all*”]

o) H
N
\/;o
- NH
A\ o/
N

\
R
COMP R R1

a H H
b Butene H
Cc Butyne H
d C6H5ethane H
e C6H5COCH3 H

Anticancer activity

é(‘@

Liou et all*®! Anticancer activity
Sigman et al™! Anticancer activity MCF-7 cells.
R2=Ph, R1=H (G1 phase arrest), R2= H, R1= COOCH3(G2 phase arrest)
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Popp and Pajouhesh et al®”!

2

Z
\
Z:j
I

Z

0

N
H

R=H, 1-CH3, 1-COCH3, 4-CF3, 5-Br, 5-Cl, 5- SO3H

Lymphoid leukaemia

I.Bennacefa et al.l?!

Y
[y

0
IZ/
;Oj

Anticancer activity

m.Takhi et alt??

/O

SNV
OO

H

R1= Secondary amines

Anticancer activity

Maud Antoine et.al®®

E/NH
NH 72 ~
R

— N

o

0
[

R= H,CH3, CH(CH3)CH2 CH3

Antitumor agents.

KB,SK-OV-3,
NCI-H460 &
SF-268
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o Rz
N
R, O
>
R
24 O . MDM2-P53&
N.M Jagadeesh et al H Anticancer agents PBR PROTEIN
F
/@/ ho
R= H,CI,Br, Me R1= H,Cl R2= ---NH2, HN , HNQ
o)
i
AN
Panathuret al'®®! F Anticancer activity SIRT1
O HAC
O
CH,
HaC
\ N @)
N \f SMMC-7721,
Zhou et al?®! \ Anticancer activity A549 and
n SW480
C Br
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Kamathet al®”]

Antitumor activity

Ma et all?®!

Antitumor activity

HT29, H460,
A549 and
MDA-MB-231

Spallarossaet al!*!

Anticancer agents.

Chopparaetal®”

BrineShrimp Lethality
Bioassay
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Fe
Radulovicet al®! O N O . Anticancer agents. -
N
H
0 OH NH
Shchekotikhinet al®? O‘O Y Q Anticancer agents.
N H
0 OH
H SGC-7901, A-
[33] Anticancer agents. 549 and HT-
Guan et al JH\ i 1080
_ CH
N SnH Yo7
HoN o
X
N o
Jiet alt®! S o hLc

Antitumor activity
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Shiokawaet al'*

\A\”/NH Antitumor activity MDA-MB-231
I 0
(@)
— OH
NS
N
Zhuanget al®®
S Antitumor activity --
HO
H;C
< I
: [37] N (&)
Rajanarenderet al
XN 7 _ N -
Antitumor activity
N
HsC A
Lo (human
ST~ leukemia)
(@) ,
Penget al'*®! 1 Q A549 (lung
Antitumor activity cancer),
HCT116 (colon

cancer
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Jun-Rong Jiang et al®! o - '\'\///\,/N A-549, and
AN Q Anticancer activity ECA-109
R, \ Ra
RZ
N
H
O F e
O
Wen-Tai Li et all*”! S Orally Anticancer p3a8
activity
N
K )4
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Indole ring containing few marketed drug shows anticancer activity

Compound Name

Chemical Structure

Use

References

Vincristine*!

Anticancer drugs

Jake Hooker et al.

Vinblastinel*?

Anticancer drugs

Jordan MA et.al.

Vinorelbine?

Anticancer drugs

Jordan MA et.al.

Vindesine!*®!

Anticancer drugs

Jordan MA et.al.

Mitraphyllinel*!

Anticancer drugs

GarciaGiménez D
et.al.

CONCLUSION

From review of literature Compounds with bulky geometry and better topology increases

biological activity. Most of the derivatives showed enhanced anti-cancer activity as compared

to the standard drug. So, these type of derivatives of Indole can serve as future therapeutic

leads for the discovery of anti-cancer drugs. It can be concluded that this class of compounds

certainly holds great promise towards good active leads in medicinal chemistry.
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The indole based pharmaceuticals will be produced on a large scale by modern drug
discovery company by different research development processes and will become available
commercially for therapeutic use. With the key benefits including favourable time to market
and high rate of success in clinical trial compared with traditional pharmaceuticals due to
diverse biological action with less toxicity, A further study to acquire more information
concerning pharmacological activity is in progress. The biological profiles of these new

generations of indole represent much progress with regard to the older compounds.
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