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Abstract

Isatin (1H-indole-2,3-dione), an indole derivative of plant origin, is involved in many pharmacological
activities like antiallergic, antimalarial, antiviral and antimicrobial; isatin and its derivatives have been
found to show promising results against various cancer cell lines. Isatin is a versatile precursor for many
biologically active molecules and its diversified nature makes it a versatile substrate for further
modifications. This review provides a brief overview on the recent advances and future perspectives on
pharmacological aspects of isatin and its derivatives reported in the last decade.
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INTRODUCTION

Isatin occurs in the leaves and roots of the
Strobilanthes cusia (Nees) and was first isolated
from plants of the lIsatis tinctoria, Couroupita
guianesis and Calanthe discolor in 1840 [1].
These plants are abundant in northern and
central China and are of ethnic importance in
traditional therapeutics. Despite of its presence in
human brain isatin can also be found in secretion
from the parotid glands of Bufo frogs and other
biotic like; Caribbean tumorigenic plant, Melochia
tomentosa, fungi and marine mollusks.

Isatin was first synthesized by Erdmann and
Laurent in 1840 [2]. Isatin and triazole containing
heterocyclic compounds are reported as a cure
of lethal diseases [3]. Extensive literature has
been published regarding the chemistry and

medicinal importance of this compound including
a few reviews [4]. Synthesis of isatin and its
derivatives have gained great attention in recent
years due to its biological potential like
anticancer, anti-protozoa, cytotoxic and DNA
cleavage.

In the literature, synthesis, reactivity and
pharmacology of isatin have been extensively
discussed but a brief account of pharmacological
developments of isatin in the last decade is
required. Current work is an effort to summarize
the published pharmacological data of isatin and
its derivatives.

PHARMACOLOGICAL PROPERTIES OF
ISATIN

Isatin can be found in rat brain (mainly in hippo-
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campus and cerebellum) as well as in other
mammalian tissues where it functions as a
modulator of biochemical processes [5]. Isatin
and its derivatives have been reported highly
efficient during in vitro studies against genotoxic
and mutagenic diseases, but during in vivo, the
genotoxic and mutagenic potential of isatin is not
well established and reported. Isatin was first
reported as “Tribulin” and was identified as a
selective inhibitor of monoamine oxidase (MAO)
[6]. Isatin shows a wide range of pharmacological
activities reported in the literature, including
antiviral [7], spermicidal [8], anti-corrosive [9],
analgesic [10], anticonvulsant [11], antioxidant
[12], antitubercular [13], transthyretin
fibrillogenesis inhibitory activity [14],
antidepressant [15] and antiepileptic [16] as
shown (Figure 1). Some of the pharmacological
activities exhibited by isatin are discussed in this
review and are listed in (Table 1).

Anti-asthmatic activity

Asthma afflicts more than 235 million people
worldwide annually [17]. Traditionally, a potent
remedy for asthma is treatment by inhalation of
drugs, containing corticosteroids and long-acting
beta agonists; which reduce swelling and body
immune response but these drugs can contribute
to serious side effects [18]. Encapsulated isatin
in chitosan nanoparticles has been reported
effective against allergic asthma [19]. Moreover,
respiratory synctial viral infections can be among
the reasons of asthma in infants [20] while during
in vitro and in vivo studies benzimidazole-isatin
oxime derivatives have been described effective
against respiratory synctial viral infection [21].
Therefore, a more comprehensive and targeted
research is required to find out potential drug
molecules against asthma from the isatin
derivatives.

Anticancer activity

Table 1: Pharmacological activities of isatin

Isatin and its derivatives have been found
effective against a variety of cancer cell lines [22-
23] and possess cytotoxic activity [24]. Cancer is
a fast growing threat in the current century,
therefore, new therapeutics are required to
counter it [25]. During in vitro studies, 1,2,3-
triazole tethered isatin conjugates have been
studied against human cancer cell lines i.e. PC-
3, A-549, Caco-2, and THP-1 using
sulforhodamine B assay for anticancer activity,
during research few derivatives have been
reported to possess activity comparable to 5-
flouorouracil [26] while N-benzylisatin
sulfonamide derivatives have been described as
effective against caspase-3 which is involved in
apoptosis [27]. Recently, bis-Schiff base
derivatives of isatin have been evaluated both for
in vitro and in vivo potential and were reported
for cytotoxic and antitumor activities especially
against human lymphoma cells [28]. Moreover,
benzothiazole derivatives of isatin have been
reported to be effective against breast cancer
cells [29]. In another study, isatin derivatives
were evaluated in vitro against three human
tumor cell lines, K562, HepG2 and HT-29 by
using MTT assay, the studies suggested that the
combination of 1-benzyl and 5-[trans-2-
(methoxycarbonyl) ethen-1-yl] substitution greatly
enhances their cytotoxic potential, however, an
intact carbonyl functionality on C-3 as present in
the parent ring is required for such a potency
[30]. A variety of isatin derivatives have been
found active against various cancer cell lines,
therefore, isatin has a potential for structural
modifications in search of an anticancer
molecule.

Antimalarial activity

In 2010, malaria epidemic caused the death 7
million children infected with Plasmodium
falciparum, which is the main cause of malaria
and has developed resistance against traditional

S/IN Activity IUPAC names of Isatin derivatives Reference
1 Antiasthmatic activity (E)-1-((2-(4-fluorobutyl)-1H-benzo[d]imidazol-2-yl)methyl)
g [17-21]
-3-(hydroxyimino)indolin-2-one
2 Anticancer activity 3,3-bis(4-hydroxyphenyl)indolin-2-one [22-30]
3 Antimalarial activity 1-(4-(4-((4-(2-(7-chloroquinolin-4-yl)hydrazinyl)phenoxy)methyl) [31-33]
-1H-1,2,3-triazol-1-yl)butyl)-3-hydroxyindolin-2-one
4 MOA-lnh_lbltmn 5-(Benzyloxy)indoline-2,3-dione [34-36]
activity
Antiviral activity (2)-1-((1-isopentyl-1H-benzo
5 [d]imidazol-2-yl)methyl)-3- [37-39]
(methoxyimino)indolin-2-one
6 Antimicrobial activity (R)-2'-amino-6'-(1H-indol-3-yl)-2-oxospiro[indoline-3,4'-pyran]- [40-44]

3',5'-dicarbonitrile

Trop J Pharm Res, October 2015; 14(10): 1938



Khan & Maalik

)

(E)-1-((1-(4- Fluorobutyl) 1H-benzo[d]imidazol
-2-yl)methyl)-3-(hydroxyimino)indolin-2-one
Antiasthamatic [21]

{N;/N/\/\/N o
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methyl)-1H-1,2,3-triazol-1-yl)butyl)-3-hydroxyindolin-2-one
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methyl)-3-(methoxyimino)indolin-2-one
Antiviral [37]

Z\O

Figure 1: Pharmacologically active Isatin derivatives

treatment of chloroquine, cycloguanil and
pyrimethamine due to gene mutation; in vitro
studies conducted on Plasmodium falciparum
W2 strain, triazole and substituted indole
derivatives of isatin have been stated as effective
antimalarial agents [31]. Moreover,
carbodithioate 2,3-dioxoindoline derivatives of

Antimalarial [31]

@@é

5-(Benzyloxy)indoline-2,3-dione
MAO-inhibitor [36]

(R)-2'-Amino-6'-(1H-indol-3-yl)-2-oxospiro
[indoline-3,4'-pyran]-3',5'-dicarbonitrile
Antimicrobial [43]

isatin have also been described to show
antimalarial  activity = against  Plasmodium
falciparum [32]. Recently, organometallic
derivatives  consisting of isatin-ferrocene
conjugates have been reported for their
antimalarial  potential against chloroquine-

resistant (W2) strain. [33].
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MAO-inhibition activity

Monoamine oxidase (MAO) is a class of
enzymes, which catalyzes the oxidation of
serotonin and norepinephrine by utilizing
dopamine as substrate; MAO activity in human
brain increases with age and can cause
neurodegenerative disorders such as Parkinsons
disease [34]. Synthesis and evaluation of MAO
inhibitors is an active area of research and isatin
has been reported to be a reversible inhibitor of
MAO isozyme [35]. Moreover, isatin derivatives
with substitution at position C5 and C6 are
reversible inhibitors of MAO-(A and B), these
substitutions can potentially affect the binding
affinities; however, C5- and C6-benzyloxy
substituted isatin derivatives have been reported
as MAO-B inhibitors with 1Cs, of 0.103 uM and
0.138 uM respectively [36].

Antiviral activity

Isatin shows a good potential against a variety of
viruses. During in vitro studies, isatinoxime
ethers have been reported for their cytotoxicity
and inhibitory activity against Respiratory
Syncytial Virus (RSV), which produces infection
in children under 2 years of age and may causes
death [37]. During, in vitro studies, 5-fluoroisatin
derivatives have been described to show good
inhibitory activity on Vero clone CCL-81 cells
pretreated with vesicular stomatitis virus [38].
Recently, substituted hydrazine derivatives of
isatin are stated to have good antiviral potential
against Coxsackie virus B3, which is a primary
cause of viral myocarditis and results in sudden
death, one of the derivatives ID45 has been
reported to show good potential for reduction of
viral growth, it also hampers the process of virus-
induced apoptosis [39].

Antimicrobial activity

Isatin analogues are important due to their

therapeutic potential against a variety of
pathogenic microbes. In a study,
thiosemicarbazone and dispiropyrrolidine

derivatives of isatin have been reported to inhibit
the growth of Mycobacterium tuberculosis [40-
41]. During in vitro studies, isatin-3-
phenylhydrazone has been described to show
more antimicrobial activity against Proteus
vulgaris, Proteus aeruginosa, Escherichia coli,
Pseudomonas aeruginosa and Staphylococcus
aureus than the reference compounds amoxicillin
and norfloxacin [42]. Moreover, one-pot
synthesis of spiroxindoles derived from isatin has
been reported to exhibit good and moderate

antimicrobial activity against various bacterial
and fungal strains [43]. However, metal
complexes of lanthanides have been reported to
increase the antifungal potential of isatin
bishydrazones by affecting various factors
including lipophilicity of the molecule [44].

CONCLUSION

Isatin is a synthetically versatile molecule with a
diversified nature of pharmacological
applications. The focus of the review was to
summarize the recent literature published about
isatin and its derivatives. These heterocyclic
molecules are among the fastest developing
areas of interest for synthetic chemists and
pharmacists. We have discussed some of the
properties including, antiasthamatic, anticancer,
MOA-inhibitor, antiviral and antimicrobial,
however, as mentioned earlier, isatin derivatives
have good potential and a broad spectrum of
application against various cancer cell lines,
therefore, synthesis and investigation of new
isatin derivatives is an active area of research
and has the potential for the development of
pharmacologically active molecules.
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