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ABSTRACT:-

Isatin consist of 1H indole 2,3diones it is an important class of a heterocyclic compounds. Isatin
analogues (or) scaffold have a wide variety of strong interest in synthesis and pharmacological
activity. Isatin and its derivatives posses anti-tuberclosis or anti-mycobacterial activity. Tuberculosis
is rapid growing diseases. Many Isatin scaffold are more potent then reference drug. This review
aims of highlighting the diverse biological activity of Tuberclosis by Isatin scaffold
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INTRODUCTION:-

Isatin consist of 1H indole 2,3diones is important class of a heterocyclic compounds. Isatin moiety is
privilaged Scaffold’s for a chemical modification and is responsible for a broad spectrum and a wide
variety of biological and pharmacological activity.!
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According to the latest World Health Organization (WHO) report, tuberculosis (TB) is the ninth
leading cause of death throughout the world and the leading cause from a single infectious agent,
ranking above HIV/AIDS. There was around 10.4 million people fell ill with TB in the year 2019,
resulting 1.67 million deaths TB globally.? The new virulent forms of Mycobacterium tuberculosis
(MTB) is a species of pathogenic bacteria in the family Mycobacteriaceae. Mycobacterium
tuberculosis has an waxy coatngan its cell surface primarily due to the presence of mycolic acid.
Mycobacterium can appear either gram positive and gram negative.

Pathophysiology of tuberculosis:-

The spread of the disease and it is believed that tuberculosis can be spread by sharing food or water,
hugging or kissing, sharing toothbrushes, skin contacts like shaking hands, or touching toilets seats.It
can spread only through the air droplets containing Mycobacterium that are released by the infected
person while coughing, sneezing, singing, or talking. The pathogenesis of Mycobacterium
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tuberculosis is illustrated in Fig. 1. M. Tuberculosis from the active TB patient enter the respiratory
tract of the host, it crosses the first line mucociliary defence system to reach the alveoli. The second
line innate immune mechanism of the alveolar macrophages becomes active and destroys some of
the tubercular bacilli, while a few still manage to survive and start replicating at a faster rate,
migrating to the other organs. This induces the formation of granulomas where the bacilli are
trapped and replicate slowly, thus entering into a latent state of tuberculosis (LTBI). Fig.2.
Reactivation of tuberculosis may occur due to certain factors like HIV infection, smoking addiction,
renal failure, diabetes mellitus, drug addiction, chemotherapy, sepsis, malignancy, malnutrition
cancer, and immunosuppressive medications that weaken the immunity of the host. When the
immune system is weak, the immune cells become unable to hold the uncontrolled bacterial
replication, thereby spreading the infection to the bloodstream and other organs including the brain
making the host symptomatic, and the patient is said to have active TB disease.?
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MEDICINAL IMPORTANCE OF ISATIN SCAFFOLDS WITH ANTI-MYCOBACTERIAL ACTIVITY:-

SivanandhanKarunanidhi et al (2021)*The compounds were initially screened for their anti-
mycobacterial activity against the H37Rv strain of Mycobacterium tuberculosis (MTB) under level-I
testing. 4f and 5f emerged as the most potent compounds with IC50 of 3.6 uM and 1.9 uM against
RIFR1 MTB strain, followed by INH-R1 MTB strain with IC50 of 3.5 uM and 3.4 uM, respectively.
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Against FQ-R1 MTB strain, the lead compounds 4f and 5f displayed excellent inhibition at IC50 5.9
UM and 4.9 uM, it indicating broad spectrum of activity.

4F 5F

Zainab M. Elsayed et.al (2021)°The novel isatin-nicotinohydrazide hybrids as promising anti-
tubercular. where compounds 5g and 5h showed excellent activity (MIC % 3.9 mg/mL). Moreover,
the target hybrids were examined against six bronchitis causing-bacteria. K. pneumonia emerged as
the most sensitive strain with MIC range: 0.49-7.81 mg/mL.
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Yaohuan Zhang et.al (2018)°A series of novel of all benzofuran-isatin-hydroxylimine/-
thiosemicarbazide hybrids exhibited considerable in vitro anti-mycobacterial activities against the
tested three MTB strains, and all hybrids (MIC: <0.06-0.062 pg/mL) except 7i were more potent than
the first-line anti-TB agents INH and RIF (MIC: 0.078 pug/mL), and nine of them 7a, 7b, 7e-h and 7j-|
(MIC: <0.06 pug/mL) were comparable to the parent compound TAM16 (MIC: <0.06 pg/mL). The most
active hybrid 7f (MIC: <0.06, 0.22 and 0.86 ug/mL, respectively) was >4.8 folds more potent than RIF
and INH against both drug-sensitive MTB H37Rv and MDR-TB isolates.

Yan Xua et.al (2018)’A series of novel homonuclear and heteronuclearbis-isatin derivatives tethered
through ethylene were designed, evaluated for their in vitro anti-mycobacterial activities against
MTB H37Rv and MDR-TB. All hybrids exhibited potential anti-mycobacterial activities against MTB
H37Rv and MDR-TB with MIC ranging from 16 to 256ug/mL. In particular, the heteronuclearbis-isatin
4i (MIC: 25 and 16ug/mL) was most active against MTB H37Rv and MDR-TB strains, and could act as
a lead for further optimization.
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Feng Gao et.al (2018)® A novel benzofuran-isatin hybrids, and in vitro evaluation of their anti-
mycobacterial activity against both drug-susceptible and multi-drug resistant (MDR) Mycobacterium
tuberculosis (MTB) strains. In parallel, cytotoxicity of these hybrids was also tested in VERO cells.
Preliminary results indicated that all hybrids with acceptable cytotoxicity in VERO cells (CC50: 128-
>1,024 pg/mL) exhibited considerable anti-mycobacterial activities against MTB H37Rv and MDR-TB
with MIC ranging from 0.25 to 8 pg/mL. It is worth noting that hybrid 8f with no cytotoxicity towards
VERO cells (CC50: >1,024 pg/mL) was found to be the most active compound (MIC: 0.25 and 0.5
pg/mL) against MTB H37Rv and MDR-TB strains. Comparing to the first-line anti-tuberculosis agents
rifampicin and isoniazid, hybrid 8f has shown over two magnitude more active against MDR-TB.

Xinjia Yan et.al (2017)°novel substituted isatin-propylene-1H-1,2,3-triazole-4-methylene-
moxifloxacin hybrids 5a-1 were designed. Mycobacterium tuberculosis as well as cytotoxicity in VERO
cell line. All hybrids exhibited excellent activities against two Mycobacterium tuberculosis strains
with minimum inhibitory concentration in the range from 0.05 to 2.0 pg/mL. The most active hybrid
5i was 2-8 times more potent than the reference agents (moxifloxacin and rifampicin) in vitro against
Mycobacterium tuberculosis H37Rv, while 2->2,048 times more potent than the reference agents
(moxifloxacin, rifampicin and isoniazid) in vitro against multidrug-resistant Mycobacterium
tuberculosis. However, all hybrids (the 50% cytotoxic concentration/CC50: 2-32 ug/mL) were much
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more cytotoxic than the parent moxifloxacin (CC50: 128 ug/mL) against VERO cell line
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Leyla Yurttas et.al (2017)°A series of 3-[(4-aryl-2-thiazolyl)hydrazone]-1H-indol-2,3-dione derivatives
(2af) were designed and synthesized using isatin as starting material. The obtained thiazole
compounds were screened to investigate their antituberculosis activity against Mycobacterum
tuberculosis H37RV (ATCC 27294). Among them, two compounds 2c and 2d were displayed
antitubercular potential two-fold greater than standard drugs.
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U. Usha Rani et.al (2017)*Heterocyclic compounds are very much used as therapeutic agents.
Indole, an important class of nitrogen, containing heterocyclic with wide variety of biological
activities. Isatin is a derivative of indole which is indole-2, 3 Dione. Isatin is reported for
antitubercular activity. Quinoxaline is also reported for various biological activities. So, a scheme was
designed and isatin incorporated quinoxaline were prepared to improve biological activity. In the
present research isatin incorporated quinoxaline (1, 1A, 1B and 1C) were prepared, and were
characterized by using TLC, IR, NMR and MASS spectral data. They were evaluated for anti-
tubercular activity. Among those derivatives, compound 1 showed good activity.
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Ruslan Gr. Redkin et.al (2017)*?The interaction of isatins, a-amino acids and 1,6-bismaleimidohexane
has been studied. This method has the advantages of mild reaction conditions, high atom economy
and excellent yields. The most suitable conditions for this reaction are boiling alcohol-water
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medium. The obtained compounds showed a weak selective antimicrobial activity for the
Micrococcaceae family

ZhiXu et.al (2017)*3A Set of novel gatifloxacin -1H -1,2,3-triazole-isatin hybrid 6a-L was designed,
Synthesized and evaluated for their invitroantimycobacterial activity against M.Tuberclosis (MTB)
Hs7Rv And MDR-TB as well as cytotocicity. The results showed that all the targets (MIC:0.025-
3.12uG/ml) exhibited excellent inhibitory activity against MTB H3;Rv and MDR-TB, but were much
more toxic (CCso 7.8-62.5 pug/ml) was 2-32 times more potent invitro then the reference compound.
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ZhiXua et.al (2017)* Twelve novel 1H-1,2,3-triazole-tethered gatifloxacin (GTFX) isatin conjugates
5a-1 with greater lipophilicity compared with GTFX were designed, synthesized and evaluated for
their in vitro anti-mycobacterial activities against M. tuberculosis (MTB) H37Rv and MDR-TB as well
as cytotoxicity. The preliminary results showed that all the targets (MIC: 0.10-8 pug/mL) exhibited
excellent inhibitory activity against MTB H37Rv and MDR-TB, but eight of them (CC50: 7.8-62.5
pg/mL) were much more toxic than the parent GTFX (CC50: 125 pg/mL). Among them, 5g (MIC: 0.10
pg/mL) was 4-8 times more potent in vitro than the references GTFX (MIC: 0.78 pug/mL) and RIF
(MIC: 0.39 pg/mL) against MTB H37Rv, but less active than INH (MIC: 0.05 pg/mL). The most potent
5g and 5h (MIC: 0.25 pg/mL) were 4->512 times more active than the three references (MIC: 1.0-
>128 pg/mL) against MDR-TB.
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ChouroukMhiri et.al (2015)* A new potent antitubercular agents, a series of novel
dispirooxindolopyrrolidines and dispirooxindolopyrrolothiazoles have been synthesized via a three-
component 1,3-dipolar cycloaddition of (Z)-3-arylidenebenzofuran-2-ones, substituted isatin
derivatives and a-aminoacids. All the target heterocycles were evaluated for in vitro antitubercular
activity against Mycobacterium tuberculosis H37Rv strain and the most active compounds were
subjected to cytotoxicity studies against (RAW 264.7) cell lines. Among them,Thecompounds showed
potent anti-tubercular activity with MIC ranging from 1.56 to 6.25 pg/mL. In particular
dispirooxindolopyrrolothiazole derivatives 5¢c and 5f were found to be the most active (MIC of 1.56
pg/mL) with a good safety profile (27.53 and 20.74% at 50 uM, respectively). This is the first report
demonstrating the benzofuranoneoxindole hybrids as potential antimycobacterial agent

OCHj NO,

O O

Wagdy M. Eldehna et.al (2015)**Three series of 6-aryl-2-methylnicotinohydrazides 4a—i, N'-
arylidene-6-(4bromophenyl)-2-methylnicotino hydrazides 7a—f, and N’-(un/substituted 2-oxoindolin-
3ylidene)-6-(4-fluorophenyl)-2-methylnicotinohydrazides 8a—c were synthesized and evaluated for
their potential in vitro antimycobacterial activity against M. tuberculosis. The results showed that
isatinhydrazides 8a—c are remarkably more active than the parent hydrazide 4c. Hydrazides 8b and
8c exhibited the highest activity among all the tested compounds (MIC =12.5 and 6.25 pg/mL,
respectively. Besides, 8b and 8c showed good drug-likeness scores of 0.62 and 0.41, respectively.
Those two isatinhydrazides could offer an excellent framework for future development to obtain
more potent antitubercular agents. The SAR study suggested that lipophilicity of the synthesized
derivatives is a crucial element that accounts for their antimycobacterial.
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TarekAboul-Fadlet.al (2015)YShowed promising activity against the wild-type strain with MIC values
range between 10-0.156 pg/mL. The most active derivatives (D8) were further tested against a panel
of six single resistant Mycobacterium tuberculosisstrains. The results revealedinteresting results
regarding derivative D8 which showed enhanced activity against the Streptomycin resistant strain.
Further investigations showed D8 to have equipotent activity to INH against rifampin-resistant
strains as well as being 4 times more active than rifampin against the ofloxacin-resistant strains.

Iy J )\
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Davie Cappoen et.al (2014).28 A library of substituted 1,3-diaryltriaznes based on the acting
component of the anti-trypanosomal drug, diminazeneaceturate was created and evaluated for its
potential as anti-tubercular agents. Several compounds were aidentified with Sub-micro molar
inhibitory concentration against M.Tuberculosis and other clinical relevant mycobacterial species
such as mycobacterium bovis, mycobacterium ulcerans, mycobacteriumavium and although the
library of the compounds showed a considerable acute cytotoxicity, A genotoxicity could not be
observed. Finally the triazene 14 was selected with the best biological properties (ICs0=3.26uM,
Nlsp=24.22uM, SI=7.44). The compound 14 showed the ability to inhibit the growth of intracellular
replicating and multi-drug resistant M.Tuberculosis
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Saoussen Haddad et.al (2014)*° A novel anti-tubercular agents, a series of original
dispiropyrrolothiazole derivatives have been synthesized by three-component 1,3-dipolar
cycloaddition of (E)-3-arylidene-1-phenyl-pyrrolidine-2,5-diones, 1,3-thiazolane-4-carboxylic acid and
cyclic diketones. The newly synthesized compounds were screened in vitro against Mycobacterium
tuberculosis H37Rv and the most active compounds were tested for cytotoxicity studies. Some
compounds exhibited significant activity, in particular dispiropyrrolothiazole derivatives 15c and 15f
emerged as the most promising antitubercular agent

OCHj, SCH3
15c¢ 15f

TarekAboul-Fadl et.al (2011)?°A series of Schiff bases of indoline-2,3-dione were synthesized and
investigated for their Mtbgyrase inhibitory activity. Promising inhibitory activity was demonstrated
with some of these derivatives, which exhibited IC50 values ranging from 50-157 uM. The
orientation and the ligand-receptor interactions of such molecules within the Mtb DNA gyrase.
Among the tested compounds the terminal aromatic ring benzofuran showed the best activity.
Promising new leads for developing a novel class of Mtbgyrase inhibitors were obtained from Schiff
bases of indoline-2,3-dione
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Lian-Shun feng et.al (2011)% A Series of novel 8-OCHs Ciprofloxacin, methylene and ethylene isatin
derivatives. With remarkable improvement in lipophilicity were synthesized in this study. These
derivatives were evaluated for their invitro activity against some mycobacteria. All of the
synthesized compound were less active then the parent 80CH; Ciprofloxacin against mycobacterium
smegmatis CMCC93202, but most of the methylene isatin derivatives were more active then 8-OCHjs,
Ciprofloxacin, isoniazid, and rifampin against MTB H37Rv ATCC 27294, It was noted that compound
3b (MIC:0.074uM) was 2-13 fold more potent then the reference compound.
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Sangamesh A. Patil et. al (2011)?? reported the synthesis, biological evaluation Co (I1), Ni (II),and Mn
(I1) metal complexes of novel isatinschiff base ligand, the complexes show activity against
mycobacterium tuberculosis strain H37Rv.
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Sandeep K. Gupta et.al (2011)% reported the synthesis some thiobenzimidazolylderivatives , most of
them reported good antitubercular activity against mycobacterium tuberculosis
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Renate.H.Hans.et.al (2011)*The novel series of thiolactone-isatin hybrid of tetracyclic analogs. The
compounds tested in the LORA Assay the unsubstituted intermediates (6¢) appers to the most
promising activity with an MIC 28.8uM. It is comparable to the standard drug moxifloxcin MIC
31.1uM. The tetracycles devoid antitubercular activity where as the advanced intermediate
displayed growth inhibitory activity against H3;RV Strain of mycobacterium tuberculosis as revealed
by BACTEC, MABA and LORA assay.

Tarek-Aboul-Fadl et.al (2010)*Theanti-TB drugs with enhanced activity against MDR strain. In the
recent years Schiffs bases of 1H-indole-2,3-diones are reported to exhibit anti-TB activity. itwas
investigated against four Mycobacterium strain, Mycobacterium intercellulari, Mycobacterium
Xenopi, Mycobacterium Smegmatis&Mycobacterium Cheleneo. Modest anti-TB activity was
observed within the investigated compounds however, compound 5f revealed potent anti-TB activity
with MIC 0.625ug/ml which is 20 times greater then the reference drug isoniazid INH (MIC=12.5

ug/ml)
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Shanmugavel Uma Maheswari et.al (2010)%A Facile 1,3-dipolar cycloaddition of azomethineylide
generated insitu from the reaction of 1,3-thiozolane 4-carboxylic acid and isatin to 2-arylidene 1,3-
indanediones furnished novel dispiro-oxindolylpyrrolothiazolesregio and stereo selectivity in
moderate to good yield (60-92%) Invitro anti-tubercular screening of 27 compounds against
mycobacterium tuberculosis Hz;Rv (MTB) disclosed that spiro [5.3']-5'-nitrooxindolespiro [6.3"]-1H-
indene-1",3"[2H]-dione -7 [4-bromophenyl] tetrahydro -1H Pyrrolo [1,2-c][1,3] thiazole has the
maximum potency with a minimum inhibitory concentration [MIC] of 1.4uM. Against MTB, being 3.4
and 5.4times more potent then ciprofloxacin and ethambutol respectively.
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OzlenGuzel et.al (2008)*” New series of 5-trifluoromethoxy 1-morpholinomethyl-1H-indole 2,3-
dione-3-thiosemicarbazones 5e. The synthesized compounds were evaluated for in vitro
antituberculosis activity against mycobacterium tuberculosis H37Rv.

(@)

(\N/\N /N\u//z
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CONCLUSION:-

Isatin scaffolds are bioactive substances it has inspired medicinal chemist to development many
pharmacophore moieties and to synthesize new potential anti-TB agents. TB is one of the major life
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threatening infectious disease in world wide. Isatinanalogs are elucidated are more potent then the
reference drugs.
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