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Abstract 

Tuberculosis (TB) is the leading infectious disease world-wide and is responsible for the 

greatest morbidity and mortality. In this study we have focused on developing novel leads for 

the enzyme target topoisomerase-I of tuberculosis in both active and dormant forms. 

Mycobacterium tuberculosis (Mtb) topoisomerase I (Topo I), involved in the relaxation of 

negatively supercoiledDNA, plays an important role in the viability of pathogen Mtb. Being 

one of the most significantenzymes; it also takes part in crucial biological pathways such as 

transcription and replication of the pathogen. The present study aims at the development of 

MtbTopo I 3D protein structure which in turn was employed for the virtual screening of 

compound libraries in a process of identification of a hit molecule. Three lead molecules 

hydroxycamptothecin, amsacrine and tryptanthrin were identified. Lead-

I,hydroxycamptothecin, was active with an IC50 of 6.25 µM which was further derivatized 

synthetically into fifteen novel analogues. Among these, four compounds (3b, 3g, 3h and 3l) 

emerged to be active displaying IC50 values ranging from 2.9 to 9.3 µM against MtbTopo I 

and were non-cytotoxic at 25 µM. These four compounds also proved their efficacy when 

tested against active, dormant and resistant forms of Mtb. The most potent inhibitor 3b was 

screened for in vivo anti-mycobacterial activity using adult zebrafish model and was found to 

be more effective when compared to first line anti-tubercular drugs, isoniazid and rifampicin. 

The binding affinity of this compound towards MtbTopo I was analysed by differential 

scanning fluorimetry which resulted in a positive shift in melting temperature when compared 

to the native protein thereby proving its stabilization effect over protein. 

Lead-II, amsacrine was active at 25 µM which was further derivatized into twenty four 

analogues. Out of which, three compounds 6b, 6d and 7d were found to be active with IC50 

values 12.3, 14.8 and 22.8 µM. These three compounds were further tested for their activity 

on active, dormant and resistant forms and these compounds exhibited good active against the 

same. The most active compounds 6b and 6d were screened for in vivo anti-mycobacterial 

activity using adult zebrafish and compound 6d was found to be more effective than standard 

compound Moxifloxacin with ~3.1 bacterial log reduction.  

Lead-III, tryptanthrin was active at 42.3 µM on MtbTopo I. This was further derivatised into 

thirteen analogues using medicinal chemistry approach. Out of these 13 compounds, three 

compounds TR07, TR11 and TR12 were found to potent than the lead compound exhibiting 

and IC50 of 20.2, 21.6 and 35.8 µM respectively. These compounds were further screened for 
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their anti-tubercular activity on active, dormant and resistant TB and were found to be active 

on all the three forms. The most active compounds TR00 and TR11 were tested for in vivo 

anti-mycobacterial activity using adult zebrafish. Compound TR11 exhibited promising 

activity and was found to be more potent than standard compound Moxifloxacin with ~3.0 

bacterial log reduction. 

Thus, with an urgent need of anti-mycobacterial drugs for dormant forms, we believe that the 

present class of drugs could be useful as potential leads for further optimization through 

mutagenesis, and pharmacokinetic approaches. 
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Chapter1  

   Introduction 
 

1.1. Tuberculosis 

Koch's disease or tuberculosis (TB) caused by Mycobacterium tuberculosis (Mtb), a facultative 

intracellular organism discovered by Robert Koch in 1882 is an ancient contagious disease that 

currently presents an immense global health challenge. The fate of the initial exposure to 

Mycobacterium tuberculosis varies from immediate elimination of the organism by the host’s 

innate immune response to infected individuals developing active primary TB [Flynn J.L., et 

al., 2001]. The initial acute infection in immunocompetent individuals is controlled by the 

immune system, and living bacteria are limited in a peculiar confined pulmonary structure 

called granuloma. There the bacteria endures indefinitely in a latent non-virulent form, and gets 

reactivated whenever an immunosuppressive condition occurs [Ferraris D.M., et al., 2011]. 

However, these patients have the risk of 5-10 % to develop active form during their life even 

with the absence of any cause of immunosuppression (Figure 1.1) [Clark-Curtiss., et al., 2003]. 

The increasing emergence of drug resistant TB and HIV co-infection, which compromises host 

defence and allows latent infection to reactivate or render individuals more susceptible to TB, 

pose as further challenge for effective control of the disease [Corbett E.L., et al., 2003].  

An estimate by World Health Organization (WHO) in 2014 shows that about 9 million people 

developed TB and 1.5 million died from the disease (3,60,000 of whom were HIV-positive), 

with the overwhelming majority of these from developing parts of the world [WHO Global 

Tuberculosis Report 2014]. An estimated 1.1 million (13%) of the 9 million people who 

developed TB in 2013 were HIV-positive. In 2013, an estimated 5,10,000 women died as a 
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result of TB. From 2000 to 2013, 37 million lives were saved through effective diagnosis and 

treatment. Out of 9 million people who developed TB in 2013, more than half (around 56%) 

were in the Western Pacific regions and South-East Asia. India and China alone accounted for 

24% and 11% of total cases, respectively. This situation highlights the relative shortcomings 

of the current treatment strategies for TB and the limited efficacy of public health systems; 

particularly in resource-poor countries where the main TB burden lies.  

1.2. Physiology of Mtb 

Mtb is a non-motile rod shaped bacterium distantly related to actinomycetes. The rods are of 

2-5 m in length and 0.2-0.5 m in width. Since it is an obligate aerobe, Mtb complexes are 

found in upper lobes of lungs in human. Mtb is a facultative intracellular parasite that has slow 

doubling time, i.e 15-20 hrs, and a characteristic feature that contributes to its virulence. Mtb 

is classified as neither as Gram-positive nor as Gram-negative because it do not have 

corresponding characteristics. Hence Mtb is classified specifically as acid-fast bacteria due to 

their impermeability of specific dyes and stains. Anti-tuberculosis agents in current 

development trigger a large panel of biological pathways such as cell wall synthesis,   DNA 

replication, protein synthesis or membrane energy production [Zhang Y., et al., 2005].  

1.3. Pathogenesis of TB 

Nearly 2 billion people are estimated to be latently infected with Mtb, in a non-replicating or 

dormant stage. TB can affect any organ but mostly affects lungs. Mtb is transmitted via air and 

reaches pulmonary alveoli where the bacteria are phagocytized by non-activated macrophages. 

Within the macrophage the bacteria inhibit many cellular mechanisms preventing the fusion 

between phagosomes and lysosomes [Houben E.N., et al., 2006]. The ability of the bacteria to 

circumvent phagolysosomal degradation allows it to replicate freely and eventually when 

macrophage lyses the bacteria could invade new macrophage. When large number of 
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macrophage gets infected, they fuse and form multinucleated giant cells called Langhans cells. 

Other immune cells surround the infected macrophage forming a barrier to the surrounding 

tissue, thereby creating a compartment called granuloma [Pieters J., et al., 2008]. In most cases, 

the immune system overwhelms the infection and the bacteria enter a dormant state (stop to 

replicate) within the granulomas. In these granulomas there is a balance between the host 

immune response and pathogen virulence factors. Suppression of immune system at later state 

could result in reactivation of bacterial multiplication and continuation of Mtb infectious cycle. 

Bacteria inside the granulomas could survive for long time and hence requires longer antibiotic 

treatment. Most of the commonly available antibiotics are directed towards different parts of 

replication machinery which are not targeted as effectively in dormant bacteria. Within 

granulomas the microenvironment could be characterized by hypoxia, nutrient starvation and 

exposure to reactive oxygen intermediates (ROI) and reactive nitrogen intermediates (RNI) 

[Vergne I., et al., 2004]. These compounds are used by phagocytic cells to eliminate 

internalized bacteria, yet some pathogenic bacteria like S. typhimurium and Mtb were found to 

avoid elimination, leading to long term survival and the establishment of persistent infection 

[Zahrt T.C., et al., 2002]. The peptidoglycan layer was found to play an important role in the 

maintenance of dormancy in bacteria and variation in specific cross-link during stationary 

phase adaptation of Mtb.  

There is strong evidence that Mtb uses lipids as their major energy source for persistence in the 

host. Mtb uses the host triacylglycerol to accumulate lipid droplets intracellularly and acquire 

dormancy phenotype inside macrophage [Fattorini L., et al., 2014]. Recently it was reported 

that, dormant bacteria may be eradicated with antibiotics generated with hydroxyl radicals, 

suggesting that stimulation of reactive oxygen species provide potential strategy to manage 

persistent infections [Grant S.S., et al., 2012] 
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Figure 1.1: Dormant Mtb and active TB differentiation inside the macrophage [Koul A., et al., 

2011] 

Most of the TB drugs in first-line were discovered in 1950’s and 1960’s. Streptomycin was 

first discovered as an effective anti-TB agent [Vilemagne D., et al., 2012]. This aminoglycoside 

interfere with protein biosynthesis through interaction with 30S ribosome subunit [Schatz A., 

et al., 1944; Jones D., et al., 1944]. Discovery of mycolic acid synthesis inhibitor INH was one 

of the most active TB drugs till date [Bernstein J., et al., 1944]. The discovery of pyrazinamide, 

a major breakthrough in TB treatment made significant reduction in treatment period from 9 

months to 6 months. In 1961, investigation of polyamines and diamines led to production of a 

series of diamine analogues that gave rise to discover of ethambutol [Thomas J.P., et al., 1961]. 

Finally rifampicin (RIF) [Binda G., et al., 1971] the last member of present first-line drugs was 

found effective against replicating and non-replicating Mtb. This class of drugs inhibited RNA 

synthesis by binding to the B-subunit of DNA-dependent polymerase. 
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In-spite of significant efficiency by these drugs, it was observed that the bacteria rapidly 

developed resistance to these drugs and stable cure was unattainable with single dose therapy. 

Inorder to prevent the development of resistance and produce stable cure, combination therapy 

was introduced. WHO recommended DOTS (Directly observed treatment, short course) anti-

TB therapy using combination of four drugs: isoniazid, ethambutol and pyrazinamide for two 

months followed by rifampicin and isoniazid for four months [Kimerling M.E., et al., 1999]. 

The combination therapy cure rates were found to be 90% in HIV-negative patients which was 

a globally accepted standard treatment of active TB. Treatment with these first-line drugs when 

carried for two months led to destruction of bacteria in all stages of growth and when the 

treatment continued with rifampicin and isoniazid for four months, residual dormant bacilli 

was eliminated using rifampicin and any rifampicin resistant mutant was killed by isoniazid. 

1.4. Limitations of TB drug therapy and emergence of Drug resistant TB 

Due to emergence of drug resistant TB and association between HIV and Mtb, DOTS became 

rapidly ineffective in controlling TB [Kimerling M.E., et al., 1999]. The combination of drugs 

was very expensive and has to be administered for a longer duration which led to significant 

side effects. The length of therapy makes the patient compliance difficult and these patients 

would become susceptible to drug-resistant strains. The second major problem was that the 

current therapies available today were ineffective against persistent bacilli except rifampicin 

and pyrazinamide. Rifampicin was active against both actively growing and slow metabolizing 

non-growing bacilli whereas pyrazinamide was active against semi-dormant non-growing 

bacilli. However there are still dormant bacilli populations not killed by any of the available 

drugs [Chopra P., et al., 2003]. Therefore, there is a need for new drugs that are more active 

against slowly growing and persistent bacilli to treat populations of bacteria at risk of 

developing active disease through reactivation. Also, it is important to achieve shortened 

therapy to slow down the development of drug resistance in mycobacteria. 
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MDR-TB is resistant to the first-line anti-TB drugs isoniazid and rifampicin. The term MDR-

TB was associated with high mortality rates occurred among HIV-infected patients [WHO 

report, 2013]. The treatment is quite complicated and it requires second-line drugs some of 

which are less effective, more toxic and expensive than first-line drugs. XDR-TB is resistant 

to at least isoniazid and rifampicin and also to fluoroquinolones, capreomycin, kanamycin and 

amikacin. XDR-TB requires longer treatments with drugs are very costly with limited efficacy 

and increased side effects. XDR-TB is reported in 77 countries and its prevalence is not clear. 

Only two of 27 burden MDR-TB countries are routinely testing for the resistance of second-

line drugs; since XDR-TB is resistant to first and second-line drugs. The genetic diversity of 

drug-resistant Mtb indicates that the drug resistance has been evolving due to inappropriate 

drug treatment [Trauner A., et al., 2014]. The ongoing evolution of Mtb, provide excellent 

opportunity to explore genetic determinants of drugs resistance to Mtb. Unlike other bacterial 

pathogens, resistance plasmids and horizontal gene transfer plays no role in drug resistance to 

Mtb. Efflux mechanism seem to play vital role in developing resistance to this pathogenic 

bacterium. Due to genetic mutations could be helpful for reliable molecular markers for drug 

susceptibility testing. The application of this technology to clinical research led to the 

development of diagnostic tool based on nucleic acid amplification [Trauner A., et al., 2014].  

1.5. TB drug pipeline 

A major advance in the screening efficacy for novel targets was achieved by shifting from 

enzyme targets to phenotypic screening of whole bacterial cell. Whole bacterial cell screening 

identified diarylquinolones (bedaquiline), benzothiazines (BTZ-043 and PBTZ-169), and 

imidazopyridine amide (Q-203) [Zumla A.I., et al., 2014] (Figure 1.2).  

Bedaquiline (TMC-207), an adenosine triphosphate synthase inhibitor was recently approved 

by U.S. FDA for the treatment of MDR-TB as a part of new combination therapy. Also, IOC-
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67683 (delamanid) and TBA-354, a second generation nitroimidazole has also entered phase 3 

trials for the treatment of MDR-TB.  

Q-203, a compound made from imidazopyridines inhibits the mycobacterial growth by 

blocking respiratory cytochrome essential for maintaining the proton gradient and ATP 

synthesis. This drug also has similar property as bedaquiline and inhibits both replicating and 

non-replicating Mtb. It is active against MDR-TB, XDR-TB and in vivo data shows there is 

100-1000 fold reduction of CFU and blocking of granuloma formation.  

Benzothiazinones derivatives, PBTZ-169 and BTZ-043 are in late stage of clinical 

development. Both drugs inhibits the enzyme, decaprenylphosphory--D-ribose 2’ epimerase 

(DprE1) in Mtb. Inhibition of this enzyme prevents the formation of decaprenylphosphoryl 

arabinose- a key precursor for biosynthesis of cell wall arabinans, resulting in cell lysis and 

bacterial death. Both the compounds show 100-1000 fold reduction in CFU in vivo.  

 

Figure 1.2: Global pipeline of new TB drugs.
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Chapter2  

   Literature Review 
 

DNA molecules forms negative or positive supercoils, due to alterations in topology when they 

bend and coil in space. The enzymes which control the topology of DNA, function at several 

different steps in replication in both prokaryotic and eukaryotic cells. DNA topoisomerases are 

a class of enzymes involved in the regulation of DNA supercoiling. Type I topoisomerases, to 

cause change in the degree of supercoiling of DNA, causes single-strand breaks and re-ligation, 

whereas type II topoisomerases (such as DNA gyrase) cause double stranded breaks. 

Topoisomerase I has also been associated in unknotting and knotting DNA and in linking 

complementary rings of single stranded DNA into double stranded rings [Lodish H., et al., 

2000].   

 

Figure 2.1: Structure of part of DNA helix 
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DNA Topoisomerases as the biological target has aroused a general interest in developing 

inhibitors as potential antibacterial drugs for several reasons as such as:  

1) These are essential components of all bacteria.  

2) These proteins are essential for bacterial viability involved in bacterial cell division and 

DNA replication as well.  

3) There are many distinct structural differences when compared to the mammalian enzyme 

counterparts to allow for bacterial specificity.  

4) Multiple target sites have been identified within the enzymes, insisting a broad range for the 

drug action with the enzyme.  

5) Inhibition of their function in many bacteria usually leads to a bactericidal event, revealing 

the importance of the enzyme.  

2.1. Topoisomerase I 

Topoisomerases are enzymes that regulate the underwinding or overwinding of DNA. This 

winding problem of DNA arises due to the entwined nature of its double-helical structure. In 

order to help overwhelm these types of topological problems caused by the double helical 

structure, topoisomerases bind to either single-strand or double-strand DNA and cut the 

phosphate backbone of the DNA. The intermediate break allows the DNA to be untangled and 

at the end of these processes, the DNA backbone is resealed again. Since the complete 

connectivity and chemical composition of the DNA do not change, the interwined and 

uninterwined DNAs are chemical isomers, differing only in their total topology, thus their 
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name, Topoisomerases. Topoisomerases are isomerase enzymes that act on the topology of 

DNA [Champoux J.J., 2011]. 

Topoisomerases can fix these topological problems and are separated into two types separated 

by the number of strands cut in one round of action [Wang J.C., 1991]. Type I 

topoisomerase cuts one strand of a DNA double helix, allows the other strand to pass through 

it and then the cut strand is resealed. Cutting one strand allows the part of the fragment on one 

side of the cut to move around the uncut strand, thereby reducing stress from too much or too 

little wind in the helix. This kind of stress is introduced when the DNA strand is "supercoiled" 

or unwound to or from higher orders of winding. Type II topoisomerase breaks both strands of 

one DNA double helix, passes another unbroken DNA helix through it, and then reanneals the 

cut strands. 

Topo I appears to reverse supercoiling by breaking a segment of single-stranded DNA, passing 

a whole single- or double-stranded strand of DNA through the broken segment, then re-joining 

the broken segment. Topo I has several unusual features. Topo I catalyses the complex 

topological rearrangements of DNA and does not require ATP hydrolysis for this reaction. 

Topo I appear to be a fully functional monomer, whereas most enzymes involved in complex 

rearrangements of DNA are oligomeric [Wang J.C., 1991]. 

The catalytic mechanism of this type of topoisomerase involves a covalent linkage between a 

tyrosine residue in the active site of enzyme’s N-terminal domain and the 5' phosphoryl group 

of the cleaved DNA strands and is ATP independent [Fude Y., et al., 1996]. 

The existence of at least one type I topoisomerase in every bacteria designates that the enzyme 

plays important role(s) in cellular functions [Wang J.C., 2002]. 
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Figure 2.2: Diagram Illustrating the Proposed Mechanism of DNA Relaxation Catalyzed by 

Type I DNA Topoisomerases [Kay P., et al., 2003]. 

2.2. Mycobacterium tuberculosis Topoisomerase I 

Recombinant Mtb Topo I is enzymatically active, relaxing negatively supercoiled DNA in 

ATP-independent and magnesium-dependent reaction [Lodish H., et al., 2000]. The enzyme 

has several properties which are not shared by either type IA or IB enzymes with respect to 

DNA sequence specificity, recognition, binding and interaction pattern. A large number of 

bacteria contains Zn++ fingers in topoisomerase I. The first identified member without Zn++ 

finger is from Mtb Topo I. Apart from this, the enzyme exhibits a unique property not shared 

by other topoisomerases. The enzyme identifies both single and double stranded DNA with 

very high affinity. However, this high affinity binding is at the specific recognition sequence. 

In contrast, eukaryotic type I enzymes are known to recognize only double stranded DNA 

[Nagaraja V., et al., 2002].   

DNA 

Type I Topoisomerase 
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2.3. Topoisomerase I as a potential target for tuberculosis 

According to Ahmed W., et al., 2014, the conditional knockdown mutant of Topo I in Mtb 

exhibited delayed growth on agar plate. In liquid culture, the growth was drastically reduced 

when Topo I expression was suppressed. Moreover, novobiocin and isoniazid showed greater 

inhibitory potential against the conditional mutant. The same study was also carried out in 

Mycobacterium smegmatis. The Topo I depleted strain exhibited tremendously slow growth 

and drastic changes in phenotypic features. The impaired growth indicates the essentiality of 

the enzyme for the organism although having other DNA relaxation enzymes in the cell. 

Especially, the imbalance in Topo I level led to the altered expression of topology modulatory 

proteins, resulting in a dispersed nucleoid architecture. Transcript and proteomic analysis of 

the conditional knockdown mutant of Topo I indicated reduced expression of the genes 

involved in core DNA transaction processes and central metabolic pathways [Ahmed W., et 

al., 2015]. These studies establish the essentiality of TopoI for the M. tuberculosis growth and 

open up new avenues for targeting the enzyme. 

2.4. Known inhibitors for Mtb Topo I 

The search for new TB drugs that can overcome the increasing spread emerging drug resistant 

tuberculosis. It can be approached from two directions: the identification and validation of new 

targets for the development of novel antibiotics with no pre-existing resistance mechanisms; or 

assessment of known and clinically confirmed targets for new chemical series or modification 

of current drug classes to abolish the possibility of cross resistance with present drugs for which 

resistances has developed [Skrahin A., et al., 2014]. The second approach has had significant 

success identifying newer and more effective generation of compounds based on older drugs 

(isoniazid, rifampin, pyrazinamide, and ethambutol) from a variety of classes. This kind of 
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approach also benefits from aiming fully validated molecular targets whose biochemical 

inhibition is known to cause inhibition of bacterial growth. 

There are less known small molecule inhibitors for DNA Topo I against MTB.  However, there 

are certain inhibitors for Mycobacterium smegmatis Topo I. Monoclonal antibodies that inhibit 

Mycobacterium smegmatis Topo I have been characterized and 2F3G4 inhibits M. smegmatis 

at nano molar concentration [Leelaram M.N., et al., 2012]. The same monoclonal antibody 

2F3G4 also inhibited the relaxation activity of Mtb Topo I. The monoclonal antibody bound 

with the enzyme stimulated the first transesterification reaction leading to improved DNA 

cleavage, without significantly altering the religation activity of the enzyme. [Adwait A.G., et 

al., 2012].  

The oligonucleotides containing STS effectively inhibit the M. smegmatis Topo I DNA 

relaxation activity. Synthetic oligonucleotides having the consensus sequence were used as 

substrates for DNA clevage and binding reactions of the enzyme [Tisha B., et al., 2000].  

2.4.1. m-AMSA as Mtb Topo I inhibitor 

Recently, m-AMSA (type-II eukaryotic topoisomerase inhibitor), was identified as inhibitors 

for DNA Topo I from Mtb [Godbole A.A., et al., 2014].  

 

Fig 2.3: Stucture of m-Amsacrine 
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When the compound was pre-incubated either with the DNA or the enzyme, a complete 

inhibition of the reaction was observed at 25 µM and 10 µM respectively. But, the inhibition 

was not complete even at 50 µM when the compound was added to the pre-formed DNA–

enzyme complex. From this data, it appears that the compound needs to first interact either 

with the DNA or the protein, prior to the formation of the Topo I–DNA complex for inhibition 

of the reaction. 

2.4.2. Imipramine and Norclomipramine as Mtb Topo I inhibitors 

Imipramine, used clinically as anti-depressant and Norclomipramine inhibited Topo I enzyme 

of both Mycobacterium tuberculosis and Mycobacterium smegmatis [Godbole A.A., et al., 

2015]. 

 

Figure 2.4: Structure imipramine and Norclomipramine (IC50 on Mtb Topo I – 0.1 µM) 

Norclomipramine and imipramine inhibited Mtb Topo I activity at 0.1 µM concentration, not 

reported so far for any bacterial type I topoisomerases. Norclomipramine inhibited Mtb H37Ra 

at 60 µM and clomipramine at 250 µM. 

2.5. Gap in existing research 

Clinical studies indicate that a significant number of the strains are resistant to isoniazid, 

rifampin and pyrazinamide. However, there are still persistent bacterial populations that are 

not killed by any of the available TB regimens. Therefore, there is a need to design new drugs 
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that are more active growing non-persistent bacilli to treat the population at risk of developing 

active disease through reactivation. As there are a limited number of effective inhibitors 

available in the market to MDR-TB and XDR-TB, there is an urgency to develop additional 

therapeutically useful inhibitors. There are no small molecule inhibitors of topoisomerase I 

explored till date against TB. So there is an urgent need to develop some novel inhibitors 

against MTB targeting Topo I.



                Objectives and Plan of work 

16 
 

 

 

Chapter3  

   Objectives and Plan of work 
 

3.1. Objectives 

From the above literature evidences it was clear that TB is a major health problem affecting 

the global population both in developed and developing countries. In order to accelerate the 

development of new anti-TB drugs, several strategies have been developed, which could help 

in shortening the therapy and be effective against both active and latent form of Mtb. The 

important role of Topo I in Mtb was thoroughly reviewed from various sources. Design of 

inhibitors for Mtb Topo I was considered as prime importance and hence the below mentioned 

strategy was followed. Clinical studies indicated that a significant number of the strains are 

resistant to isoniazid, rifampin and pyrazinamide. However, there are still persistent bacterial 

populations that are not killed by any of the available TB drugs. Therefore, there is a need to 

design new drugs for actively growing non-persistent bacilli to treat the population at risk of 

developing active disease through reactivation. As there are only few successful inhibitors 

available in the market to MDR-TB and XDR-TB, there is an urgency to develop additional 

therapeutically useful inhibitors. There are limited number of inhibitors against Mtb Topo I 

reported till date and those inhibitors were found to be effective towards TB. Hence for 

development of novel inhibitors against Mtb Topo I, with effectiveness against dormant and 

active forms of TB was considered important. 
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The main objectives of the proposed work were: 

1. Optimization of adult zebrafish model for in vivo anti-mycobacterial screening 

I. Optimisation study 

II. Validation study 

2. Mtb Topo I inhibitors 

A. To design Mtb Topo I inhibitors by: 

 Homology modelling of Mtb Topo I protein structure. 

 High throughput virtual screening of In-house database (BITS-database) towards the 

active site of developed Topo I model. 

B. In vitro enzymatic screening of designed molecules for Mtb Topo I  

C. Development of various analogues of Mtb Topo I inhibitors based on in vitro enzymatic 

screening data. 

D. In vitro anti-tubercular screening for both active and latent forms of Mtb. 

E. In vitro cytotoxicity screening to check the safety profile of the compounds. 

F. In vivo anti-mycobacterial screening using adult zebrafish. 

G. Bio-physical characterisation using differential scanning flourimetry to determine the 

thermal stability of protein and protein-ligand complexes.  
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3.2. Plan of work 

The plan of work has been classified into following categories, 

3.2.1. Optimization of adult zebrafish model for in vivo anti-mycobacterial screening 

It was done by following approach: 

 The concentration of bacteria (Mycobacterium marinum) required to produce a 

reproducible phenotype of oraganism was optimised. 

 Optimised the dose of standard compounds to treat the infected fish. 

 Design of in vivo protocol for screening the standard compounds using zebrafish. 

3.2.2. Mtb Topo I inhibitors 

3.2.2.1. Design of novel inhibitors for Mtb Topo I using Homology modelling and 

Virtual screening 

For designing the New Mtb Topo I inhibitors we followed below approach 

 There is no crystal structure reported in Protein Data Bank (PDB). So, Homology 

modelling was done by using PRIME application from Schrödinger. 

 The model obtained was checked for the stability using Molecular dynamic 

stimulations. 

 Docking of In-house database molecules were done using GLIDE module. 

 The compounds were shortlisted based on their docking score, Hydrogen bond and 

interacting amino acids. 

 The shortlisted compounds were screened for in vitro Mtb Topo I enzyme activity and 

further derivatives were prepared using Medicinal chemistry approach 

3.2.2.2. In vitro enzyme inhibition assay 

 NdeI and PmlI restriction enzymes were used for cloning. 
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 E.coli arctic express (DE3) RP strains were used for the overexpression of MTB 

topoisomerase I. 

 Supercoil pUC19 plasmid DNA will be used as substrate for the enzyme inhibition 

assay. 

The synthetic and designed compounds will be evaluated in vitro for the inhibition of 

topoisomerase I from MTB at suitable concentration. Recombinant MTB topoisomerase I is 

enzymatically active, relaxing negatively supercoiled DNA in a magnesium-dependent, ATP-

independent reaction. The protocol for the assay is 

 Negatively supercoiled pUC19 DNA will be incubated with varying amounts of 

enzyme in Tris-HCL(pH 8.0) containing 20mM NaCl, 1mM EDTA, 5mM MgCl2  at 

37°C for 30min. 

 The reaction will be terminated using 0.1% SDS. 

The reaction products will be resolved in 1.2% agarose gel and visualised by staining with 

Ethidium bromide after electrophoresis. 

 

Figure 3.1: Work flow for biological evaluation 
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3.2.2.3. Lead modification using synthetic chemistry  

The top active molecules were further derivatized using synthetic chemistry utilizing 

novel/previously reported methodologies as a lead expansion strategy. The synthesis was 

outsourced to the medicinal chemistry research group at the department of pharmacy. 

3.2.2.4. In vitro anti-tubercular screening  

Lead compounds synthesized for Mtb Topo I were evaluated for anti-tubercular screening 

using different methods as follows. 

 Using MABA to determine the MIC’s. 

 Determination of inhibitory effect on dormant bacilli using Nutrient starvation, Oxidative 

stress and Nitrosative stress models. 

3.2.2.5. In vitro toxicity studies 

To evaluate the toxicity of the designed and synthesized compounds against HEK 293 cells 

were utilized and tested at 25 μM concentration using MTT assay to evaluate their toxicity 

profile. 

3.2.2.6. In vivo anti-mycobacterial screening using adult zebrafish 

The zebra fish is a commonly used laboratory animal for the study of development and disease. 

The relatively rapidly growing human and animal pathogen Mycobacterium marinum, a close 

genetic relative of MTB, was used to study the pathogenesis of tuberculosis. M. 

marinum causes systemic granulomatous infections and disease in its natural hosts, ectotherms 

such as fish and frogs, and peripheral chronic granulomatous disease (fish tank granulomas) in 

humans. Zebra fish become infected with M. marinum in fish facilities and also develop disease 

upon experimental inoculation. The synthetic compounds were screened by injecting them to 

the infected fish and the bacterial count was determined using MPN assay. 
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3.2.2.7. Biophysical characterization 

To evaluate the stabilization of protein-ligand complexes of promising leads, thermal shift 

assay was performed using differential scanning flourimetry for Mtb Topo I inhibitors. 
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     Chapter4  

   Materials and Methods  
 

4.1 Optimization of adult zebrafish model for in vivo anti-mycobacterial screening 

4.1.1. Zebrafish maintenance 

Zebrafish were maintained as per Guidelines for Use of Zebrafish in the NIH Intramural 

Research Program and the Zebrafish Book. Zebrafish were obtained from Vikrant Aquaculture, 

Mumbai, India, and were maintained at BITS-Pilani, Hyderabad campus, India as per the 

procedures mentioned earlier.  Briefly, all the fish were taken care to acclimatize for a week at 

26–28 °C and at conditions of 14:10 hr. (light: dark) every day. The fish were allowed to swim 

in separate chambers filled with filtered water containing 0.2% sea salt and were fed with dry 

food (procured from the same vendor) at  three  regular  intervals  daily. Fish were observed to 

be healthy through their feeding and swimming activities and with a weight range of 500 mg. 

The healthy fish were further selected to conduct the study. 

4.1.2. M. marinum strains, culture condition and inoculation 

M. marinum strains used for this study were derived from a human clinical isolate, strain M 

(ATCC  BAA-535), and were grown at 30 °C in Middlebrook 7H9 broth (HiMedia) 

supplemented with Middlebrook OADC Growth supplement (HiMedia) and  0.05%  Tween 80 

or on Middlebrook 7H10 agar (HiMedia) supplemented with Middlebrook OADC Growth 

supplement (HiMedia). Infected fish homogenates were plated in 48 well plates using 

Middlebrook 7H9 broth (HiMedia) supplemented with amphotericin B (10 mg/liter) and 

polymyxin B (20 mg/liter), to avoid contamination with normal flora. Cultures used in 
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infections were grown to an optical density at 600 nm of 1.0 and maintained at 80 °C in 1-ml 

aliquots with 10% glycerol [Flynn J.L., 2006]. Intraperitoneal administration (i.p.) was used 

for bacterial inoculation, wherein a maximum volume of 15 µl/fish was injected using a 29-

gauge insulin syringe to avoid injury-induced stress based on methods described in the 

literature [Chaudari G.H., et al., 2013, Kinkel M.D., et al., 2010]. 

4.1.3. Drug, vehicle and drug administration 

The standard drugs Isoniazid, Rifampicin, Ethambutol, Moxifloxacin, and Amoxicillin were 

procured from Sigma Aldrich, and Tween 80 was procured from NICE laboratories. All other 

routine chemicals were procured locally. All drugs were administered orally using a recently 

reported method [Banote R.K., et al., 2013, Kulkarni P., et al., 2014].  This method allows the 

calculation of the oral dose of the drugs in terms of milligrams per kilograms (mg/kg), which 

is very useful in ascertaining the vital parameter of drug dosage required for ranking of 

molecules and taking decisions in a screening program. The authors that proposed this method 

have demonstrated the credibility of the method by substantiated pharmacokinetics and 

pharmacology data. 

4.1.4. Optimization study 

A study was conducted to optimize the concentration of bacteria needed to produce a 

reproducible phenotype of zebrafish TB. Healthy fish were grouped in to four groups 

(n=15/group) and M. marinum cultures were injected into the fish (inside a BSL-II hood) at 

inoculums of 0.5 (Group I), 0.6 (Group II) and 0.75 (Group III) million bacteria respectively. 

Two time points viz. day 7 and 14 were used to sacrifice the fish and results were determined 

using Most Probable Number (MPN) assay (n = 6) and body weight (n=10).  Before sacrificing, 

the fish were allowed to swim in 1.5 mg/ml of Kanamycin Sulfate for 45 min at 27 °C, to 

prevent any cross-infection [Swaim L.E., et al., 2006]. Thereafter, the fish were homogenized 
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and processed for MPN assay as per a published protocol [Salina E., et al., 2014]. MPN values 

were finally calculated using standard statistical methods [de Man J.C., 1975]. The survival 

probability curve of Group III fish was also plotted by conducting a separate experiment on 90 

fish based on Kaplan–Meier survival analysis. 

4.1.5. Validation study 

An in vivo protocol using the standard drugs was further designed. It was performed as a two-

week study: infection stage (0–7th day) and treatment stage (8th–14th day). Eighty fish were 

inoculated with an optimized count of M. marinum. A dose optimization study resulted in 

finalizing the following drug doses: amoxicillin (10 mg/kg), isoniazid (10 mg/kg), rifampicin 

(5 mg/kg), moxifloxacin (5 mg/kg), ethambutol (10 mg/kg) and a combination of isoniazid (5 

mg/kg) + rifampicin (2.5 mg/kg). The drug solutions (diluted with vehicle Tween 80) were 

prepared considering the average body weights of the fish in each group. 5 µl of each drug (n 

= 10 in each group) was administered orally. This dosing was done for a week (8th–14th day), 

and the results were determined using MPN assay (n = 6) and body weight (n = 10). 
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 4.2. Mtb Topo I inhibitors 

 In search of novel inhibitors for Mtb Topo I for the treatment of TB, we employed 

computational strategy for screening of large data sets of molecules and evaluated in vitro for 

the identification of promising molecules. Virtual screening, a computational method where 

large libraries of compounds could be assessed for their potential to bind specific sites on target 

molecules such as proteins, was employed in the study.  

As there is no reported crystal structure for Mtb Topo I, we have used PRIME from Schrodinger 

to develop a homology model using E.coli Topo I (PDB ID: 3PX7) as template. We utilised 

this developed model for virtual screening of in-house database (BITS-Database) consisting of 

around 1000 molecules. 

4.2.1. Computational methodology 

4.2.1.1. Computational Details 

All computations were carried out in an Intel Core 2 Duo E7400 2.80 GHz capacity processor 

with memory of 2GB RAM running with the RHEL 5.2 operating system. PHASE 3.3 

implemented with Maestro 9.3 software package (Schrodinger, LLC) was used to generate 

pharmacophore models. The virtual screening options for HTVS (High Throughput Virtual 

Screening), SP (Standard Precision) and Glide XP (Extra Precision) docking were all checked 

to be executed. Glide XP (extra precision) module of Schrodinger 9.3 (Glide, version 5.7, 

Schrodinger, LLC, New York, NY, 81 2011) was utilised for docking. Bond orders and formal 

charges were added to the hetero groups and hydrogen atoms were added to all atoms in the 

system. 
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4.2.1.2. Homology modeling of Mtb Topo 1 

The amino acid sequence for Mtb Topo 1 was retrieved from UniProt (accession id P9WG49) 

[Yang F., et al., 1996]. This sequence was run for protein BLAST (BLASTp) against non-

redundant database (Protein Data Bank (PDB)) to identify the most identical template [Altschul 

S.F., et al., 1990]. Suitable template required for the generation of homology model of Topo I 

was selected based on the identity compared to the query sequence. The model was built using 

Prime 3.1 of Schrödinger 2012 molecular modeling package [Prime v3.1, Schrödinger suite, 

2012]. The energy based mode of modeling was operated for model generation employing 

OPLS_2005 force field [Petrovic A.G., et al., 2010]. The generated model was subjected to 

loop refinement and was energy minimized using the same OPLS_2005 force field. The stereo 

chemical quality of the constructed model was analyzed with Ramachandran plot using 

PROCHECK [Laskowski R.A., et al., 1993]. The active site analysis of the model was carried 

out based on the sequence alignment of Topo I over the template. 

4.2.1.3. MD simulation 

MD simulations were run for the model using Desmond 3.1 from D. E. Shaw research 

employing explicit solvent conditions [Desmond v3.1, Maestro v3.1, Schrödinger suite, 2012]. 

The solvent system for the protein model was setup using an orthorhombic solvent box using 

TIP3P water model [Jorgensen W.L., et al., 1983]. The solvent system was setup with a cutoff 

of 10 Å from any protein atom and was neutralized by the addition of appropriate number of 

counter ions. An initial minimization of the total system was operated with a convergence 

threshold of 1 kcal mol-1 Å-1 employing OPLS_2005 force field. Following this, minimization 

of the system was performed both with and without restraints on the solute atoms for 12 ps 

time scale at 10 K temperature using Berendsen thermostat (isothermal–isobaric ensemble) 

[Mudi A., et al., 2004]. Additionally, the system temperature was raised up to 300 K at 1 atm 

pressure for 24 ps time. A cutoff of 12 Å was used for calculating the non-bonded interactions. 
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M-SHAKE algorithm was used with integration time step of 2 fs for the purpose of reordering 

the hydrogen bonds during simulation [Kräutler V., et al., 2001]. The total MD simulation 

continued for 10 ns with the trajectory frames recording at an interval of 4.8 ps. In a way to 

compare and analyze the behavior of both the model and template during simulation, a 10 ns 

MD was also run for the template. 

4.2.1.4. Preparation of ligands 

The in-house database (BITS-database) with 1000 molecules were processed through 

redundancy checking and Lipinski filters to select compounds that had better drug property 

[Knox A.J., et al., 2005]. All the structures were prepared using LigPrep (LigPrep v2.2, 

Schrodinger LLC, New York, NY) along with Epik (Epik v1.6, Schrodinger, LLC, New York, 

NY) to expand protonation and tautomeric states at 7.0 ± 2.0 pH units. Conformational 

sampling was also performed for all database molecules using the ConfGen search algorithm. 

Confgen with OPLS 2005 force field was applied for the generation of conformers with 

duplicate poses eliminate if the RMSD was less than 2.0 Å. A distance-dependent dielectric 

constant of 4 and maximum relative energy difference of 10 kcal mol-1 were applied. Using 

Phase, the database was indexed with automatic creation of pharmacophore sites for each 

conformer to allow rapid database alignments and screening. 

4.2.1.5. Molecular docking studies 

The active site pocket of the developed Mtb Topo 1 model was identified based on the sequence 

alignment over the template used. Also the probable binding pockets of protein were identified 

using SiteMap version 2.6 [SiteMap v2.6, Schrödinger suite, 2012]. The active site was 

selected based on the above analysis and the grid for docking was generated targeting the 

selected pocket using Glide [Glide v5.8, Schrödinger suite, 2012]. The generated protein grid 

was subjected for high throughput virtual screening (HTVS) against asinex database 

(commercial chemical database with 5,00,000 molecules) and in-house BITS database 
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(containing 930 compounds) using Glide module, for identifying novel compounds which can 

be used as Mtb Topo 1 inhibitor [Asinex, http://www.asinex.com/]. Further, the compounds 

with considerable docking score and better interactions at the active site were selected for 

standard precision (SP) and extra precision (XP) docking [Friesner R.A., et al., 2004, Friesner 

R.A., et al., 2006]. Compounds from both databases with effective binding ability were 

selected, also considering their docking score compounds shortlisted. The compounds were 

carried forward to in vitro enzyme inhibition studies. 

4.2.1.6. ADME prediction  

All the selected hit compounds were subjected to in-silico ADME analysis using QikProp 

module of Schrödinger. Various properties like LogP (octanol water coefficient), % human 

oral absorption, Lipinski’s rule of five, QPlogBB (Predicted brain/blood partition coefficient), 

QPlogHERG (Predicted IC50 values for blockage of HERG K+ channels) and QPPCaco 

(Predicted apparent Caco-2 cell permeability in nm/s) were predicted for the compounds and 

were checked for any violations.  

4.2.2. Synthesis  

Synthesis of promising leads (Topo-I) and their analogues were performed by our medicinal 

chemistry research group at the Department of Pharmacy. Hit expansion of the lead identified 

was achieved using the following synthetic protocols (Figure 4.1-Figure 4.3). 
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4.2.2.1. Synthesis of Hydroxycamptothecin derivatives 

Figure 4.1: Synthetic scheme for Hydroxycamptothecin derivatives. 

 

4.2.2.2. Synthesis of Amsacrine derivatives 

 

Figure 4.2: Synthetic protocol for Amsacrine derivatives. 
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4.2.2.3. Synthesis of Tryptanthrin derivatives 

 

Figure 4.3: Synthetic protocol for Tryptanthrin derivatives. 

All commercially available chemicals and solvents were used without further purification. TLC 

experiments were performed on aluminimum-backed silica gel 40 F254 plates (Merck, 

Darmstadt, Germany). The homogeneity of the compounds was monitored by thin layer 

chromatography (TLC) on silica gel 40 F254 coated on aluminum plates, visualized by UV 

light and KMnO4 treatment. Purifications were done on Biotage Isolera purification system on 

silica gel (MPLC grade) by using either hexane: ethylactetae or dichloromethane: methanol as 

eluent. All 1H and 13C NMR spectra were recorded on a Bruker AM-300 (300.12 MHz, 75.12 

MHz) NMR spectrometer, (BrukerBioSpin Corp, Germany). Chemical shifts are reported in 

ppm (δ) with reference to the internal standard TMS. The signals are designated as follows: s, 

singlet; d, doublet; dd, doublet of doublets; t, triplet; m, multiplet. Molecular weights of the 

synthesized compounds were checked by SHIMADZU LCMS-2020 series in ESI mode. 

Elemental analyses were carried out on elementar vario MICRO CUBE, CHN Analyser. All 

commercially available chemicals and solvents were used without further purification. 
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4.2.3. Biological assessments  

All the designed leads and synthesized analogues were evaluated for in vitro biological 

assessments Mtb topo-I enzymatic assays, MIC against both active and dormant Mtb, resistant 

tb, in vivo studies in adult zebrafish model and cytotoxicity studies in eukaryotic cell lines.  

4.2.3.1. Mtb topo-I assay 

4.2.3.1.1. Cloning and expression of Mtb topoisomerase 1 

Mycobacterium tuberculosis H37Rv strain possess topA gene Rv3646c which encodes for 

topoisomerase I (Mtb Topo I) protein with 934 amino acids and an approximate molecular 

weight of 102.3 kDa [Yang F., et al., 1996]. A set of forward primer 

5’CACCCATATGTTGGCTGACCCGAAAACGAA 3’ and reverse primer 

5’AGCTCACGTGCTAGTCGCGCTTGGCTGCCT 3’ were used for PCR amplification. The 

PCR product was further digested with NdeI and PmlI restriction enzymes similar to the pQE2 

vector. The final PCR amplicons were ligated with the help of T4 DNA ligase at 25 oC for 2 h. 

Further, sequence confirmation was done to verify the final clone. Initially, the transformation 

and expression was done into BL21 (DE3) CODON PLUS cells as per Yang et al. But 

difficulties in the solubility of the expressed protein along with very less yield of the protein 

have been encountered in our laboratory similar to other researchers [Yang F., et al., 1996, 

Manjunatha U.H., et al., 2006]. The difference in codon usage was investigated to be one of 

the possible reasons behind the solubility and efficiency of the protein expressed. As per 

Thirunavukkarasu Annamalai et al expression of mycobacterium topoisomerase I from a 

recombinant plasmid pLIC-MTOP in an E.coliarctic express (DE3)RP strain (Agilent 

Technologies) at low temperatures of about 12°C to 14°C for 24 h according to the 

manufacturer's (Agilent Technologies) protocol solved the solubility issues. The mechanism 

behind this compatibility is because of the strains chromosomally integrated T7 RNA 

polymerase which was expressed from the lacUV5 promoter and furthermore Arctic express 
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strain also expresses cold chaperonin proteins and high copies of tRNAs (recognizing arginine 

and proline codons) that facilitated the expression proteins by overcoming issues of protein 

solubility and also codon bias respectively. Furthermore, on induction of this T7 RNA 

polymerase with inducibleisopropyl β-d-thiogalactopyranoside (IPTG) resulted in the high 

expression of the T7 promoter-driven recombinant MtTOP protein [Annamalai T., et al., 2009]. 

4.2.3.1.2. Purification of Mtb topoisomerase I 

As the clone was tagged by a hexa-histidine tag, the purification was carried out by Ni-NTA 

column. After 24 hours IPTG induction, the cells were collected and subjected to centrifugation 

at 5000 rpm, 20 min. The pellet was dissolved in lysis buffer (50 mM NaH2PO4, 300 mM NaCl, 

10 mM imidazole, 1 mg/ml lysozyme, pH 8) until an homogenous mixture is obtained.  The 

recombinant Mtb Topo I protein in the soluble lysate was allowed to bind to Ni-NTA sepharose 

column (Qiagen) and packed. Further, the column is washed overnight with wash buffer (50 

mM NaH2PO4, 300 mM NaCl, 20 mM imidazole, pH 8.0), Subsequently, the topoisomerase 

protein was eluted with an elution buffer (50 mM NaH2PO4, 300 mM NaCl, 25 to 500 mM 

imidazole, pH 8.0). Gradual increase in the concentration of imidazole elutes the protein. 

Subsequently pooled the 250 mM and 300 mM eluate fractions and was dialyzed thrice against 

the dialyses buffer (15% glycerol, 300 mM NaCl in 50 mM NaH2PO4 (pH 8)), aliquoted and 

stored at -80 oC. Fractions containing the desired Mtb Topo I protein was confirmed by running 

an SDS–PAGE (Sodium dodecyl sulfate–polyacrylamide gel electrophoresis) against a pre-

stained protein ladder (Genetix Biotech Asia Pvt. Ltd.) with a broad range (10-150 kDa). Mtb 

Topo I protein had about 99-100 kDa [Yang F., et al., 1996]. 

4.2.3.1.3. Mtb Topoisomerase I relaxation assay 

In nature, usually plasmids exist as negatively supercoiled forms. Supercoiled pUC 19 was 

used as the substrate for relaxation assays. IU of enzyme was defined as the least quantity of 

the Mtb Topo I enzyme required for complete relaxation of 0.5 μg of negatively supercoiled 
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plasmid pUC 19 DNA in 30 min at 37 °C [23]. The DNA relaxation assay was performed in a 

standard reaction volume of 30 μL assay buffer with 10 mM Tris-HCl (pH 8.0), 50 mM NaCl, 

6 mM MgCl2, 0.1 mg/ml gelatin and 0.5 μg of supercoiled pUC 19 plasmid DNA (HiPurA 

plasmid DNA maxiprep purification spin kit, HiMedia). Reactions were initiated by adding 

800ng Mtb Topo I protein. Later, after incubation at 37°C for 30 min, the reactions were 

quenched by adding 5 µL of Stop buffer (50 mM EDTA (pH. 8; 50% glycerol and 0.5 % (v/v) 

bromophenol blue). Subsequently, the DNA was electrophoresed in a 1% (w/v) agarose gel 

with TAE buffer (40 mM Tris-acetate, pH 8.1, 2 mM EDTA). The gels were stained after the 

electrophoresis to prevent any differences in mobility of DNA due to chelation; gel was stained 

with ethidium bromide and photographed over UV light using GelDoc imager (Bio-Rad). The 

supercoiled plasmid was considered as blank; the supercoiled DNA with the Mtb Topo I 

enzyme was used as control with 100% relaxation. Different concentrations of the drugs tested 

were assayed to know the percentage inhibitions on the enzyme [Godbole A.A., et al., 2012]. 

4.2.3.2. Anti-tubercular screening 

4.2.3.2.1. In vitro active and resistant Mtb assay 

The bacterial inoculums for both H37Rv (active TB) and XDR (resistant TB) strain were 

prepared from fresh LJ medium and re-suspended in Middlebrook 7H9 broth (HiMedia 

Laboratories) which was supplemented with Middlebrook OADC growth supplement 

(HiMedia Laboratories). Both H37Rv and XDR strain were obtained from National Institute 

of Research in Tuberculosis (NIRT), Chennai. XDR-TB strain obtained is resistant to first line 

anti-tubercular drugs isoniazid and rifampicin, second line injectable amikacin and 

fluoroquinolone ofloxacin. The growth supplement included oleic acid, albumin, dextrose and 

catalase and the above broth was diluted to 1:20 with media of which 100 µL was used as an 

inoculum. Each drug stock solution were thawed and diluted in Middlebrook 7H9-OADC at 

four-fold the final highest concentration tested. Serial two fold dilutions of each drug were 
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prepared directly in a sterile 96-well microtiter plate using 100µL Middlebrook 7H9-OADC. 

A growth control containing no drug and a sterile medium as control were also prepared on 

each plate. Sterile water was added to all outer wells to avoid evaporation during the incubation. 

The plate was covered, sealed in plastic bags and incubated at 37 °C. After 7 days of incubation, 

50 µL of 1:1 mixture of alamar blue solution (Sigma Aldrich) and sterile tween 80 (Nice 

chemicals) were added to each well and the plate was re-incubated overnight. A change in color 

from blue (oxidized state) to pink (reduced) indicated the growth of bacteria and the MIC 

(minimum inhibitory concentration) was defined as the lowest concentration of drug that 

prevented this change in colour [Franzblau S.G., et al., 1998, Collins L.S., et al., 1997]. 

4.2.3.2.2. In vitro dormant Mtb assay 

Mycobacterium tuberculosis dormant cultures were prepared using three well established 

models: nutrient starvation, oxidative stress and nitrosative stress [Joanna C., et al., 2002, 

Kawaji S., et al., 2010]. In nutrient starvation model, culture of Mycobacterium tuberculosis 

H37Rv (NIRT, Chennai) grown in Middlebrook 7H9 medium supplemented with 

OADC(nutrient rich medium) was pelleted and washed twice with PBS(Phosphate Buffer 

Saline, obtained from HiMedia Laboratories). The pellet was resuspended in PBS in sealed 

bottles and was incubated at 37 °C for 6 weeks [Joanna C., et al., 2002]. In oxidative stress 

model, the culture was exposed to 0.05% (v/v) hydrogen peroxide (H2O2) for 7 days incubated 

at 37 °C. For nitrosative stress, the culture was exposed to 50 mM sodium nitrate (NaNO2) 

(final concentration of 1 mM) for 7 days incubated at 37 °C [Kawaji S., et al., 2010]. These 

cultures were treated with standard drugs like isoniazid, rifampicin and moxifloxacin along 

with the synthesized compounds for 7 days at a concentration of 10 µg/ml. The treated cell 

suspensions were diluted 10-fold up to 10-6 using Middlebrook 7H9 medium supplemented 

with OADC and 100 µl of each dilutions were plated in 48 well plates in triplicates along with 

900 µl of Middlebrook 7H9 medium (HiMedia Laboratories) supplemented with OADC 
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(HiMedia Laboratories). The plates were incubated at 37 °Cfor 3-4 weeks the wells with visible 

bacterial growth were counted as positive. The bacterial count was down by using standard 

statistical methods using MPN assay [de Man J.C, 1975, Salina E., et al., 2014].  

4.2.3.3. Anti-mycobacterial screening for most active compound using adult zebrafish 

The most active compound was further evaluated for its in vivo activity using adult zebrafish 

model established by us in a laboratory setup. We used Mycobacterium marinum strain (ATCC 

BAA-535) grown at 30 °C in Middlebrook 7H9 broth. Fish were initially weighed and 

monitored for its locomotor activities and were divided into control and treatment groups (n=6).  

All the fish were injected by intra-peritonial injection with 20 µl of thawed bacterial stocks 

(around 0.75 million bacteria). They were observed for lesions, reduction in swimming 

activities and squamous eruptions in the initial 7 day infection stage which was followed by 

treatment stage. The drug solutions were prepared based on the fish’s body weight and oral 

dosing amount of 5 µL. Fish were then administered drug orally using micropipette, on each 

day during the treatment phase and were noted for their recovery symptoms. They were allowed 

to swim in 1.5mg/mL solution of kanamycin sulphate before proceeding for sacrifice at the end 

of study i.e., 14th day. Finally, all of them were sacrificed using homogenization technique and 

the tissue sample was prepared in Middlebrook 7H9 broth. The collected homogenate was 

serially diluted to 10-6 times and plated into 48-well plates, incubated at 30 °C for 24 h. The 

plates were checked for the bacterial counts using MPN bacterial count software [de Man J.C, 

1975, Salina E., et al., 2014]. 

4.2.3.4. In vitro cytotoxicity screening 

The synthesized compounds were further screened for cytotoxic activity using Human 

Embryonic cell line HEK 293 at 25µM. The cells were grown in RPMI medium with 10% 

FBS. The activity was carried out using MTT assay. The enzymes in the viable cell have the 
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capability of reducing the tetrazolium dye MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide to its reduced form formazon, which has purple color. The cells 

were grown in RPMI-1640 medium supplemented with 10% FBS (Fetal bovine serum), 100 

IU/ml penicillin, 100 mg/ml streptomycin and 2 mM glutamine. Cell line was maintained at  

37 °C in a humidified 5% CO2 incubator (Thermo scientific). Cells were scrapped and were 

seeded into wells approx 5,000 cells per well in poly-L-lysine coated plates. The plates were 

incubated at 37°C in humidified CO2incubator and then treated with the synthesized 

compounds at 25µM concentration and incubated for 48 h. 10 μL of 0.5mg/ml concentration 

of MTT was added and incubated for 3 h at 37 oC and the final product formazon crystals were 

dissolved in 100µL of DMSO and the viability was measured at 595nm [vanMeerloo J., et al., 

2011]. Relative to the control wells the percent growth was calculated for each well. The 

percentage of cells killed was calculated from the formula, 

% of cells killed=100 [
Mean OD sample

Mean OD day 0
] 

4.2.3.5. Biophysical characterization using differential scanning fluorimetry 

The most active compound was further investigated using a biophysical technique. The ability 

of the compound to stabilize the Mtb Topo I protein was assessed using this technique by 

measuring fluorescence of the native protein and the protein-ligand complexes in the presence 

of a fluorescent dye SYPRO-orange whose fluorescence increases when exposed to non-polar 

residues of the protein and reaches a maximum when the protein denatures, this happens as it 

binds with maximum number of residues in uncoiled state [Niesen F.H., et al., 2007]. Complex 

with the compound was heated stepwise from 25 to 95 oC in steps of 0.1 oC in the presence of 

the fluorescent dye, whose fluorescence increases as it interacts with protein. A right side 

positive shift of Tm in comparison to native protein means higher stabilization of the protein-



                Materials and Methods 

37 
 

ligand complex, which is a consequence of the thermally stable inhibitor binding profile 

[Jeankumar V.U., et al., 2013].
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Chapter5  

        Result and Discussion for optimization of adult 

zebrafish model for in vivo anti-mycobacterial 

screening 
 

5.1. Optimization study 

The lesions observed in infected fish were redness with squamous eruptions (in the form of 

white fibres) (Figure 5.1).  

Figure 5.1: M. marinum-induced adult zebrafish with red lesions & squamous eruptions on     

dorsal and lateral sides observed during the study. 

The MPN assay showed a clear dose response in the increase of the bacterial counts (Figure 

5.2). Group I showed approximately 1.2 and 1.8-fold increase in MPN on days 7 and 14 

respectively. Group II showed an increase of 1.5 and 3.1-fold increase in bacterial counts on 

the days of sacrifice (days 7 and 14).  The highest increase was seen in Group III with an 
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increase of 4.1 on day 7 post infections and a huge 12.8-fold increase on day 14 post infection. 

Body weight reduction was seen in a dose response manner (Figure 5.3). The mean body weight 

reduction in the control group was 1.7 ± 2% and 0 ± 1.8% on days 8 and 14 post infection, 

respectively. Whereas, in the infected groups, the reduction was significantly higher within 8 

days post infection and was observed to  be  18.5 ± 1.5%, 29.5 ± 1.8% and 31.7 ± 1.4% in 

Groups I, II and III, respectively. On day 14, there was a further reduction in body weights in 

all three groups by  22.3 ± 1.6%, 33.2 ± 1.8% and 41.2 ± 1.1% in Groups I, II and III, 

respectively. In order to ensure that Group III was suitable for conduct of screening 

experiments, a survival probability assessment (Figure 5.4) was conducted on 90 fish after 

inoculation of 0.75 million bacteria and observation for 14 days for survival.  

 

Figure 5.2: Bacterial counts of groups I, II, III (Mean ± S.E.M., n = 6) on days 7 and 14 during 

the optimization study of M. marinum induced adult zebrafish model. 

At the end of 14 days, a survival probability of 0.71 suggested this dose to be robust and suitable 

for conducting screening experiments with a substantial sample size surviving for measuring 

the response of test drugs. It is reported that almost half (47%) of the experiments conducted 

on   murine models of TB are based on the criterion of lethality [Franco N.H., et al., 2012], and 
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the biological significance for efficacy in such models is generally considered to be a 20% 

improvement in survival. Therefore, the survival probability of >0.7 in this model ought to be 

sufficiently ‘‘humane’’ for the purpose of drug efficacy evaluation. 

Therefore, Group III was the group that showed substantial symptoms and a high lesion score, 

>10-fold increase in MPN, >40% reduction in body weight, and >0.7 survivability. Thus, an 

intra-peritoneal inoculation of 0.75 million bacteria/fish was selected as the suitable paradigm 

for M. marinum infection model in adult zebrafish. 

 

Figure 5.3:  Percentage body weight reduction observed in groups control-uninfected, I, II, III 

(Mean ± S.E.M., n = 10) on days 7 and 14 during the bacterial optimization study of M. 

marinum-induced adult zebrafish model. The statistical significance (*p < 0.05, **p < 0.01 and 

***p < 0.001) with respect to un-infected control group has been analyzed by one-way 

ANOVA using Graph Pad Prism software 
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Figure 5.4: Kaplan–Meier survival analysis performed to know survival probability of Group 

III fish induced with 750,000 bacteria. 

 

5.2. Validation study 

All the parameters, i.e., MPN assay results (Figure 5.5) and body weight reduction observations 

(Figure 5.7) demonstrated that the antituberculosis   drugs   were   efficacious  in    this   model 

whereas the negative control Amoxicillin did  not show any signs of  efficacy in reversing the 

parameters of  M. marinum infection. 
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Figure 5.5: Bacterial count estimation (Mean ± S.E.M., n = 6) for control and treated groups 

conducted by using MPN (most probable number) assay. The statistical significance (*p < 0.05, 

**p < 0.01 and ***p < 0.001) with respect to infected control group. 

 

The average bacterial counts were >12-fold higher in the infected group and the data was 

consistent with the results seen in the optimization study. The Amoxicillin treated group also 

showed MPN equivalent to the infection control fish. Fish treated with all the drugs showed 

almost complete elimination of bacteria with a very high statistical significance. 

The data on body weight reduction showed that fish treated with Moxifloxacin and the 

combination of Isoniazid + Rifampicin did not show any significant reduction in body weight 

as compared with the untreated control on day 14 of the study. Furthermore, there was a 

reduction in body weights for the first seven days of the infection phase which improved in the 

treatment phase (Figure 5.6).  Fish treated with Isoniazid, Rifampicin and Ethambutol showed 

a statistically significant reduction in body weight as compared with the untreated control; 
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however, the reduction seen in  the infected control group and the Amoxicillin treated group 

was over 50%, which showed a severe infection in  these fish. 

Overall, the evaluation that the anti-tuberculosis could be ranked for efficacy in the following 

order is based on various parameters summarized in Table 5.1: 

(a)  Moxifloxacin 

(b)  Isoniazid + Rifampicin 

(c)  Rifampicin  

(d)  Ethambutol  

(e)  Isoniazid 

It is known that Moxifloxacin and a combination therapy of Isoniazid + Rifampicin are more 

efficacious in human TB followed by the other three studies in this experiment. This result 

suggests that the efficacy profile observed in the zebrafish model is similar to the one seen in 

a clinical situation, demonstrating the predictive value of this model in drug screening. 
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Figure 5.6: Mean body weight changes observed (Mean ± S.E.M., n = 10) with respective days 

post infection for all the groups during the study of M. marinum-induced adult zebrafish model. 

 

Figure 5.7: Percentage body weight reduction (Mean ± S.E.M., n = 10) over the study period 

for control and treated groups of M. marinum-induced adult zebrafish model. The statistical 

significance (*p < 0.05, **p < 0.01 and ***p < 0.001) with respect to uninfected control group 

has been analyzed by one-way ANOVA using GraphPad Prism Software. 
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Table 5.1:  Ranking of antituberculosis drugs based on various parameters of efficacy in M. 

marinum-induced adult zebrafish model of tuberculosis. 

 

5.3. Discussion 

The use of adult zebrafish as a surrogate model for assessing drug efficacy in TB research has 

not been fully exploited by either academicians or by the industry. Important aspects of 

establishment of a screening tool for evaluation of pharmacological activity of drugs include 

genetics and physiology rationale, predictivity and reproducibility of protocol. The genetic and 

physiological relevance of M. marinum-induced adult zebrafish models of TB has been well 

established in the literature [Ramakrishnan L., 2013]. Various methods and models of M. 

marinum have been reported in the literature. A rapid high-throughput platform wherein 

zebrafish larva infected with fluorescently labeled M. marinum are monitored using automated 

plate fluorometry (APF) has been developed to assess both efficacy and safety [Takaki K., et 

Rank 

Anti-

tuberculosis 

Drug 

Dose 

Parameter Values (Day 14 Post Infection) 

MPN 

(million/fish) 

% Body Weight 

Reduction  

Survivability  

1 Moxifloxacin  5 mg/kg 0.01 ± 0.00 4.4 ± 1.0 0.6 

2 

Isoniazid + 

Rifampicin 

5 mg/kg + 2.5 

mg/kg 0.07 ± 0.00 5.3 ± 1.8 0.6 

3 Rifampicin 5 mg/kg 0.12 ± 0.01 8.8 ± 1.6 0.7 

4 Ethambutol 10 mg/kg 0.14 ± 0.01 10.3 ± 1.6 0.7 

5 Isoniazid  10 mg/kg 0.14 ± 0.01 18.7 ± 1.7 0.7 
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al., 2012]. A similar high-throughput larval model using larval zebrafish has been reported 

recently [Veneman V.J., et al., 2014].  The adult zebrafish model of M. marinum infection has 

been reported [Swaim L.E., et al., 2006], however, the report deals with the study of  pathology 

with respect to adaptive immunity and this model has not been validated for  drug screening. 

The present protocol has been inspired by this report, and an attempt to modify and refine the 

protocol has been made in order to make it reproducible and simple to conduct. 

A flow chart for standardization of the protocol for M. marinum based adult zebrafish TB model 

has been suggested in Figure 5.8. It provided for criterion for each step of standardization and 

validation of the model. This flow chart will be very useful for the development of such a model 

in laboratories across academia and the industry. 

It was proposed that the use of adult zebrafish model should take precedence over the larval 

model (which has been more popular) based on the following rationale: adult zebrafish have 

optimally developed organs required for drug metabolism [Alderton W., et al., 2010, Wang Z., 

et al., 2010]; poorly soluble drugs may precipitate and will be unabsorbed in the larval assay 

and hence cannot be tested in larval zebrafish; using the oral dosing paradigm, the dosage of 

the drugs can be ascertained in terms of mg/kg. Therefore, even though the larval models can 

be useful for early high- throughput screening, the adult model holds greater promise for the 

establishment of in vivo proof-of-concept. An alternative to the oral method of administration, 

the intraperitoneal (i.p.) method can also be used for precision drug administration [Stewart A., 

et al., 2012] and for arriving at a dose in terms of mg/kg. The use of the adult zebrafish model 

helps us have a fully grown organism with optimally functioning systems of ADME 

(absorption, distribution, metabolism and excretion) and precise methods for drug 

administration. This can ensure that the effect of candidate drugs can be determined to take 

decisions in preclinical research. This protocol would further help researchers to correlate drug 

efficacy data between zebrafish and other mammalian models. 
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The methods reported so far using larval zebrafish require fluorescently labeled organisms and 

sophisticated visualization techniques. Moreover, micro-injections for the inoculation of 

infection will require specific equipment and trained manpower. Small academic laboratories 

and start-up companies may not be in a position to make these investments for a small library-

based screening program. Even larger organizations that are not interested in high-throughput 

screening would prefer a protocol which can be used in low-resource settings. This protocol is 

resource-efficient, inexpensive, involves simple techniques like bacterial count, body weight 

change and survivability. 

Literature reports have suggested the use of zebrafish as a model organism to  study various 

other bacterial infections like  Burkholderia cenocepacia, Pseudomonas aeruginosa, 

Staphylococcus aureus, Streptococcus pyogenes  and Francisella species,  the fungal pathogen 

Candida albicans and the viral pathogen Herpes simplex virus type 1  [Brannon M.K., et al., 

2009, Chao C.C., et al., 2010, Clatworthy A.E., et al., 2009, Prajsnar T.K., et al., 2008, Szabady 

R.L., et al., 2009, Vergunst A.C., et al., 2010, Wiles T.J., et al., 2009].  It is believed that these 

methods can be modified suitably and applied to these infections as well. 

A possible improvement in the present protocol could be the addition of pharmacokinetic 

assessment of test drugs in order to develop pharmacokinetic-pharmacodynamic correlation of 

efficacy. Drug metabolism can also be assessed in the same study. In conclusion, the use of 

adult zebrafish and the involvement of simple phenotypic parameters ensure obtaining the 

maximum data about compounds from one study, a possibility that makes this protocol very 

useful in drug discovery decision-making. 
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5.4. Summary and Conclusion 

 

Figure 5.8: Flow chart demonstrating the standardization process followed in developing adult 

Zebrafish tuberculosis model for evaluation of oral antituberculosis drugs
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                                     Chapter6 

   Result and Discussion for Development of 

Mycobacterial Topoisomerase I Inhibitors 
 

6.1 Homology modeling and design of inhibitors for Mtb Topo I 

6.1.1. Mtb Topo I model structure 

The absence of crystal structure for Mtb Topo I impelled us to develop its tertiary protein model 

which can be further used in docking studies. The retrieved Topo I amino acid sequence was 

run for BLASTp against protein data bank (PDB) and suitable template was selected based on 

its identity and query coverage. The crystal structure of Escherichia coli Topo I with cleaved 

DNA (3PX7) was chosen for this purpose which was found with 42% identity with Mtb Topo 

I. The alignment for both the sequences is given in supporting information Figure 6.1. Initially, 

missing loops and side chains were added to the template based on its sequence as some gaps 

in crystal structure were noticed. This processed structure was employed as template for 

generating 3D protein model for Mtb Topo I. Energy based model generation was employed in 

model development using OPLS_2005 force field. The loops in the generated model were 

found with residues falling in the generously allowed and disallowed regions of Ramachandran 

plot which were corrected by loop refinement. The final protein model was energy minimized, 

shown in Figure 6.2, and its quality was finally evaluated by using Ramachandran plot. The 

Ramachandran plot, Figure 6.3 given in supporting information, showed statistics of 82.7% 

residues in most favoured region, 15.1% residues in additional allowed region, 1.9% residues 

in generously allowed region and 0.4% in disallowed region making the model highly 

acceptable.     
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Figure 6.1: Sequence alignment of Mtb Topo I over E. coli topoisomerase. Red colour 

indicates similar amino acids in both the sequences. 

 

Figure 6.2: Homology model of Mtb Topo I developed showing hydroxycamptothecin 

(orange) at the binding pocket. 
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Figure 6.3: Ramachandran plot for Mtb Topo I model developed using crystal structure of E. 

coli (PBD code – 3PX7). 

6.1.2. Molecular Dynamic simulation analysis  

The model developed was further simulated for 10 ns under explicit solvent conditions 

employing TIP3P water model. The trajectory was analyzed for evaluating the behavior of the 

model like stability, flexibility etc under dynamic conditions. The root mean square deviation 

(rmsd) of the model during the simulation was plot as a function of time (as shown in Figure 

6.4). The figure shows the rms deviation of total protein atoms (blue line) and only backbone 

atoms (red line). The initial jump in the rmsd can be reasoned for the relaxation of the model 

when minimized. After a time scale of 2.5 ns, the plot was seen to be stable maintaining the 
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rmsd less than 2 Å at any considered frame till a time period of 10 ns. Plots for both all atoms 

and backbone atoms of the model showed almost similar deviations. The rms deviation for the 

model was compared with that of template rmsd plot (not incorporated in the manuscript) so 

as to analyze the model stability. Identical deviations were found with both the model and 

template with lesser fluctuations showing the consistency of the model. The MD simulation 

analysis shows the protein to be with least fluctuations thereby strongly supporting its stability 

even in dynamic conditions. Hence this model was considered further for molecular docking 

studies.        

 

Figure 6.4: Root mean square deviation (rmsd) plot for Mtb Topo I model simulated for 10 ns. 

 

6.1.3. Docking calculations  

The active site of the model was identified by overlapping the tertiary protein structure of 

template (crystal structure of E. coli Topo I) over the constructed model and the active site 

conserved residues were identified. The sequence alignment of topoisomerase I of both M. 
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tuberculosis and E. coli is shown in Figure 6.1. Almost 75% of the active site residues were 

found to be conserved in Mtb Topo 1 compared to the template. The probable binding pocket 

of the model was also determined by using SiteMap, which also resulted in the same pocket 

identification as of that from alignment. Residues Pro11, Asp111, Asp113, Phe139, Tyr319, 

Arg321, Thr322, Asp323, ser324, Ala367, Ser495 were found to be lining the Mtb Topo I 

active site.       

The identified active site was targeted for grid generation for docking calculations of the model. 

The protocol followed for the molecular docking studies has been documented in detail in 

supporting information. A high throughput virtual screening (HTVS) docking was run with 

both in-house (BITS database) and asinex databases so as to identify compounds with good 

affinity of binding. The compounds with better interaction pattern were selected further for 

standard precision and extra precision docking. The compounds showing considerable polar 

and non-polar bonding at the active site were selected for further in vitro enzyme inhibition 

studies. Total 15 compounds were selected and ADME predictions were done for the selected 

compounds using QikProp module in Schrödinger (Table 6.1). 
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Table 6.1: ADME predictions for the designed compounds. 

Compound 

ID 

QPlogPo/wa QPlogHERGb QPPCacoc QPlogBBd 

% Human oral 

absorptione 

Rule of 

5f 

Lead-I 2.39 -4.83 153.01 -1.4 80.02 0 

Lead-II 3.42 -6.51 701.99 -0.9 100 0 

Lead-III 1.01 -5.09 763.96 -0.4 84.44 0 

Lead-IV 3.25 -6.13 798.61 -0.56 100 0 

Lead-V 3.30 -5.90 911.99 -0.71 100 0 

Lead-VI 3.17 -6.10 792.75 -0.43 100 0 

Lead-VII 3.38 -6.11 800.54 -0.39 100 0 

Lead-VIII 3.43 -6.13 799.39 -0.38 100 0 

Lead-IX 4.81 -7.79 466 -0.04 100 0 

Lead-X 5.50 -7.71 465.58 0.13 93.98 1 

Lead-XI 3.16 -3.78 29.02 -1.92 71.63 0 

Lead-XII 3.94 -5.23 21.48 -2.61 73.87 0 

Lead-XIII 2.58 -4.33 23.11 -1.96 66.51 0 

Lead-XIV 3.96 -5.15 26.95 -2.40 75.74 0 

Lead-XV 4.31 -5.37 21.48 -2.73 76.07 0 

aPredicted octanol/water partition coefficient logP (acceptable range: −2.0 to 6.5); bPredicted IC50 value for blockage of HERG 

K+ channels.(below -5); cPredicted apparent Caco-2 cell permeability in nm/sec (<25 poor; >500 great);  dPredicted 

brain/blood partition coefficient (-3.0 to 1.2); ePercent human oral absorption (<25% is poor and >80% is high); fRule of 5 

violation (mol_MW < 500, QPlogPo/w < 5, donorHB 5, accptHB 10) 

 

6.1.4. Design of compounds 

A total of 15 compounds were selected from the database after the docking studies and the 

compounds were tested for in vitro Mtb Topo I inhibitory activity. Initially, these fifteen 

compounds were screened at 200 µM concentration which resulted in 3 compounds showing 

more than 90% inhibition. Further, these 3 compounds were screened at lower concentrations 

of from 100 µM to 1.5 µM and their IC50s were calculated (given in Figure 6.5). The structures 
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of the remaining 12 inactive compounds are shown in Figure 6.6. All the three compounds 

selected were found with Mtb Topo I inhibitory activity below 50 µM with 

hydroxycamptothecin (lead 1) being the top one with an IC50 of 6.25 µM. The docking pattern 

of the compound revealed the polar interactions with Val196 and Gln97. The compound was 

oriented such that the hydroxyl group of the compound was facing towards the opening of 

active site and residues Ala41, Pro181, Trp184 and Ala193 at this position were involved in 

hydrophobic interactions with the compound. The compound was seen to be involved in 

hydrogen bonding with active site residues Asp113 and Ser495 as seen in Figure 6.7. This 

compound was further derivatized replacing the terminal hydroxyl group, facing towards 

outside of the pocket, with some hydrophobic moieties so as to study the influence of the 

substituents over the residues in the vicinity such as Pro11 and Gly32, thereby monitoring the 

activity fluctuations of the compounds.  

The docking pattern of Lead-II amsacrine (Figure 6.7) shows the hydrogen bonding 

interactions with active site residues Ser495 and Asp113. This compound was further 

derivatised and 24 derivatives were prepared by replacing the methyl group in N-substituted 

methanesulphonamide and checked for their activity on Mtb Topo I.  

The ligand interaction picture of Lead-III tryptanthrin (Figure 6.7) shows polar contact with 

Arg321, an active site residue. 13 synthetic derivatives were prepared for the lead compound 

to further improvise the activity on Mtb Topo I. 
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.

 

Figure 6.5: Three compounds out of 15 that resulted from virtual screening studies found with 

Mtb Topo I inhibitory activity below 50 µM. 
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Figure 6.6: Twelve compounds inactive against Mtb Topo I below 100 µM concentration 
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Figure 6.7: Ligand interaction pictures of Lead I (Hydroxycamptothecin), II (Amsacrine) and 

III (Tryptanthrin). 
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6.2. Synthesis and biological assessment of Lead-I camptothecin derivatives 

6.2.1. Lead optimization using Medicinal chemistry 

 

Figure 6.8: Synthetic protocol for hydroxycamptothecin derivatives (3a-3o). 

To a solution of 7-Ethyl-10-hydroxycamptothecin (0.02 g, 0.0510 mmol) in 1, 4-dioxane (5 

mL) was added Cs2CO3 (0.019 g, 0.0612 mmol) followed by corresponding benzyl bromide 

derivative (0.0561 mmol) and the resulting solution was heated under reflux for 12 h under 

inert atmosphere. The reaction mixture was filtered and the filtrate was concentrated to get 

crude compound. Crude compound was triturated by using diisopropyl ether and dried to afford 

compound 3a – 3o.  

6.2.2. In vitro enzymatic assay of synthesized compounds 

Further, 103 KDa Mtb Topo I protein was cloned and purified using Ni-NTA column in low 

pressure liquid chromatography from Bio-Rad as described in the experimental section. The 

protein was eluted at 250 mM and a sharp protein peak was observed. The Mtb Topo I assay 

was performed by gel based assay, with a range of inhibitor concentrations from 200 to1.5 µM. 

The synthesized 15 compounds were screened at 200 µM, of which compounds 3a, 3b, 3e, 3i, 

3j, 3n and 3o showed more than 60% inhibition, whereas the other compounds showed lesser 
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inhibitions. Further, all the compounds were screened at lower concentrations and their 

inhibitory concentrations (IC50s) were determined and given in Table 6.2. Of fifteen, compound 

3bwas found with better Mtb Topo I inhibitory profile followed by the other compounds. At a 

lower concentration of 100 and 50 µM, only six compounds excluding 3n, showed a better 

activity against the enzyme. Finally, when tested at lower concentrations of 25 µM,12.5 µM, 

6.25 µM, 3.125 µM and 1.5 µM, compound 3b emerged as the best one with an IC50 of 2.9 

µM.  
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Table 6.2: In vitro biological activity results for the synthesized compounds3a - 3o. 

 

Comp 

no. 
R 

MIC in µMa IC50 in 

µMb 

Cytotoxicity 

(% 

inhibition)c MtbH37Rv XDR 

Lead 1 H 7.96 15.92 6.25 57.32 

3a Benzyl 25.9 25.9 31.25 29.16 

3b 1-Nitro benzyl 5.92 2.95 2.9 16.52 

3c 2-Chloro benzyl 48.36 24.18 >100 27.54 

3d 3-Fluoro benzyl 24.97 49.94 >100 22.78 

3e 3,4-Difluoro benzyl 24.1 12.06 20 2.84 

3f 2,3,4-Trifluoro benzyl 23.29 23.31 7.1 20.81 

3g 2,3,4,5,6-Pentafluoro benzyl 5.46 5.46 4.8 23.01 

3h 3-Chloro-5-fluoro benzyl 5.84 5.85 3.62 18.2 

3i 4-Fluoro-2-(trifluoromethyl) benzyl 21.99 11 31.25 24.87 

3j 2-(Trifluoro methyl) benzyl 11.32 11.32 12.5 23.65 

3k 3-Fluoro-4-methoxy benzyl 23.56 23.56 62.5 4.87 

3l 3-Methoxy benzyl 12.2 12.2 9.3 6.96 

3m 2-Bromo benzyl 11.13 22.26 46.5 10.2 

3n 2-Bromo-5-methoxy benzyl 26.3 21.18 62.5 16.17 

3o 4-Iodobenzyl 20.55 20.55 31.25 22.32 

 Isoniazid 0.72 45.57 nd nd 

 Rifampicin 0.15 30.37 nd nd 

 Ethambutol 7.64 244.7 nd nd 

  Moxifloxacin 2.16 34.59 nd nd 

IC50 – 50% inhibitory concentration; MIC – minimum inhibitory concentration; Mtb – Mycobacterium tuberculosis; XDR – 

Extensively drug resistant; nd – not determined. 

a. MIC of the compounds on H37Rv and XDR-TB. 

b. IC50 of the compounds against Mtb Topo I. 

c. Cytotoxicity of compounds at 25 µM on Human embryonic kidney (HEK) cell line. 
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6.2.3. SAR of hydroxycamptothecin derivatives  

The synthesized camptothecin derivatives were docked to the Mtb Topo 1 model developed so 

as to study their interaction pattern at the active site. With reference to the structure-activity 

relationship, the compounds were divided into three categories for convenience, based on their 

in vitro activity profiles i.e., active, moderately active and inactive. From the interaction 

behavior of hydroxycamptothecin at the active site, the hydrogen of hydroxyl group was 

replaced by various aromatic moieties so as increase the hydrophobic interactions with the 

adjacent residues. Of all, compound 3b was found to be highly active with an IC50 of 2.9 µM 

and MIC of 5.92 µM. The compound exhibited six polar contacts with active site residues 

Ser10, Asp113, Gln309, Tyr319, Arg493 and Ser495 as shown in Figure 6.9. It was also found 

with strong non-polar interactions with Pro11, Tyr312, and Tyr319 and emerged to be with 

best docking score of -5.62. It was observed from the interaction profile of compound 3b, the 

two oxygen atoms of nitro group were involved in polar contacts with Ser10 and Gln309 and 

the benzyl ring was involved in π-π stacking interactions with Tyr319 making the compound 

most potent. Compounds 3h, 3g, 3l and 3f were also found to be active in vitro next to 

compound 3b. Of these, compounds 3h, 3f and 3g were found to be fluoro benzyl substituted 

camptothecin derivatives. The presence of fluorine atoms over the phenyl ring (3f and 3g) 

oriented the compounds such that the moiety was found stabilized by strong non-polar 

interactions with Tyr319, Ala362, Ala364. In case of compound 3h, the presence of chlorine 

over the fluoro phenyl ring can be considered as a synergistic effect as seen from the activity 

profile (IC50 – 3.62 µM). The binding pattern of compound 3l was found to be slightly different 

and interesting. The presence of methoxy group over phenyl ring imparted the lipophilicity to 

the compound and was found to be interacting with many residues like Pro11 and Tyr312. The 

methoxy group addition was also found to effect the orientation of compound making it align 
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close towards the residues Gln309, Met320 and Arg321 which were involved in non-bonded 

interactions with the compound.  

Compounds 3o, 3e, 3i, 3a and 3j were found to be moderately active with IC50 values ranging 

12.5 - 31.25 µM. Of these, compound 3j was found to be with better activity of 12.5 µM against 

Mtb Topo I enzyme. This compound when docked showed some polar contacts with Asp113 

and Ser495. The trifluoro methyl group on 2nd position of phenyl ring was found to be towards 

the solvent accessible surface area of protein showing least interactions with protein. This may 

be attributed for the reduced activity of the compound. Also compound 3i was found with 2-

trifluoro methyl group but with better activity profile compared to compound 3j. This may be 

reasoned for the presence of 4-fluoro group in compound 3i which was seen to be involved in 

non-bonded interactions. 

The remaining ones, compounds 3m, 3k, 3n, 3c and 3d, were found to be inactive against Mtb 

Topo I with IC50 ranging 46.5 to above 100 µM. Presence of bromine at 2-position of phenyl 

group, as seen in compounds 3m and 3n, can be considered as a non-favourable substitution as 

seen from their activity profile. The steric hindrance offered by bromine at the active site, due 

to its large atomic size, may be attributed to the corresponding compounds inactivity. 

Compound 3k and 3d were also found with similar substitution, 3-fluoro, suggesting the 

unsuitability of such moiety for Mtb Topo I activity.    

In a nut shell, the substitution of hydrogen in hydroxycamptothecin (Lead 1) by some 

hydrophobic moieties like substituted benzyl ring, revealed to be a suitable site for 

enhancement of Mtb Topo I inhibiting activity. However, not all the substitutions were found 

to give the positive impact. Of all, nitro group at 1-position of phenyl ring was found to be the 

most effective one (3b). 3-position of phenyl ring was found unfavorable for the substitution 

by halogens (3m, 3k, 3e, 3n and 3d) which were found to reduce the potency. Increased 

substitution of fluorine over phenyl ring was observed to enhance the potency of the 
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compounds gradually as observed in compounds 3d, 3e, 3f and 3g. Substitution of chlorine 

over fluoro benzyl group was found to be adding up for the activity (3h). Other substitutions 

like bromine, iodine and trifluoromethyl were observed to deteriorate the activity attributing to 

their steric bulk which hinders the efficient binding of compounds (3i, 3j, 3m, 3n and 3o). 

 

Figure 6.9: Interaction profile of compound 3b at the Mtb Topo I model active site. Compound 

3b is shown in orange, residues involved in polar contacts shown in green, non-polar contacts 

shown in yellow. Blue color dashed lines indicate polar contacts. 

 

6.2.4. In vitro active Mtb assay 

All the synthesized drugs were treated with Mtb H37Rv and XDR strain to determine their 

anti-tubercular activity using microplate alamar blue assay (MABA) with drug concentrations 

ranging from 50 µg/ml to 0.78 µg/ml in duplicates. This assay is done by using a resarzurin-

based oxidation-reduction indicator which measures colorimetric drug MICs for Mtb. The 

redox indicator alamar blue turns from blue to pink in the presence of mycobacterial growth. 

The minimum inhibitory concentration (MIC) was determined for each drug that is the 
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minimum concentration of the drug which prevents the color change from blue to pink. The 

MIC values of the synthesized compounds along with the standard drugs are given in Table 

6.2. The synthesized compounds exhibited active Mtb MIC ranging from 5.46 to 48.36 µMand 

XDR-TB MIC ranging from 5.46 to 49.94 µM. Three compounds 3b, 3g and 3h were found 

with increased potency when compared to ethambutol (MIC - 7.82µM) and Lead 1(MIC - 7.96 

µM) on Mtb H37Rv. On XDR strain, all the synthesized compounds except compound 3d were 

more potent than the standard drugs. 

6.2.5. In vitro dormant Mtb assay 

Though dormancy was not reported with respective to topoisomerase I protein expression in 

Mtb, yet to re-ascertain the efficiency of the inhibitors we screened them in the dormant 

induced forms. Dormancy was obtained by nutrient starvation, oxidative stress and nitrosative 

stress models. These methods trigger a dormancy response in the bacilli that is termed non-

replicating persistence (NRP), a physiological state thought to mimic the one exhibited by M. 

tuberculosis during various stages of persistent infection [Joanna C.C., et al., 2002]. In nutrient 

starvation model, Mtb will be in slight or no replicating state but maintains long term viability. 

The bacteria in this model developed resistance towards isoniazid, rifampicin and 

moxifloxacin. In oxidative stress, caused due to hydrogen peroxide (H2O2), genes involved in 

DNA repair and recombination were selectively induced suggesting that DNA damage is the 

significant consequence in oxidative stress. Whereas in nitrosative stress model the reactive 

nitrogen was found to inhibit aerobic respiration in mitochondria there by inhibiting the growth 

of Mtb [Lamichhane G., 2011]. The assay of the dormant cultures was carried out with standard 

drugs like isoniazid, rifampicin and moxifloxacin along with synthesized drugs for 7 days at a 

concentration of 10 µg/ml. The bacterial log reductions for various standard and synthesized 

drugs are as depicted in Figure 6.10 and Table 6.3. All the 4 active compounds 3b, 3g, 3h and 

3l were screened and found to be more potent than moxifloxacin in nutrient starvation model 



                                      Mtb Topoisomerase I inhibitors 

66 
 

with bacterial log reduction ranging from ~2.7 to 3.1. Compound 3b has exhibited most 

promising activity with ~3.1 bacterial log reduction and also inhibited Mtb Topo I with an IC50 

of 2.9µM. In oxidative and nitrosative stress models, the above 4 active compounds were found 

to be potent than first line anti-tubercular drugs with bacterial log reduction ranging from ~0.8 

to 2.1 which shows the efficiency of the camptothecin derived inhibitors. 

 

Figure 6.10: Bactericidal effect of 3b, 3g, 3h and 3l on dormant M. tuberculosis cells using 

nutrient starvation, oxidative stress and nitrosative stress models. Cells were treated with the 

compounds (10 µg/ml) for 7 days at 37°C. The viability of both treated and untreated cells was 

tested by MPN assay. The error bars represent standard deviation. 
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Table 6.3: Bacterial growth Log reduction values of active compounds with standard drugs 

Drug 

Nutrient starvation Oxidative stress Nitrosative stress 

No. of 

bacteria 
SD* 

Log 

reductio

n values 

No. of 

bacteri

a 

SD* 

Log 

reductio

n values 

No. of 

bacteria 
SD* 

Log 

reductio

n values 

Control 2400000 0  
240000

0 
0  2400000 0  

compound 

3b, 10 

µg/ml 

2100 150 3.1 15000 2000 2.1 15000 1500 2.1 

compound 

3g, 10 

µg/ml 

3000 300 2.7 19000 2000 2 27000 1000 1.9 

compound 

3h, 10 

µg/ml 

2500 200 2.9 240000 10000 1 240000 
12000

0 
1 

compound 

3l, 10 µg/ml 
3000 250 2.7 460000 15000 0.8 240000 10000 1 

Isoniazid, 

10 µg/ml 
160000 

1500

0 
1.1 

110000

0 

15000

0 
0.2 1100000 

15000

0 
0.2 

Rifampicin, 

10 µg/ml 
20000 1500 2 460000 15200 0.8 460000 14500 0.8 

Moxifloxaci

n, 10 µg/ml 
6100 700 2.6 3600 700 2.7 3000 100 2.9 

*Standard Deviation 

 

 

6.2.6. In vitro cytotoxicity screening 

All the synthesized compounds were checked for their safety profile by using Human 

Embryonic Kidney cell line HEK 293 at 25µM. This test was carried out using MTT assay. 

Though, camptothecin is known to be cytotoxic, hydroxycamptothecin was found to be with 

non-cytotoxic which supports the selection of this compound for further derivatization. All the 

synthesized compounds showed very low inhibitory profile of 2.84 - 29.16% inhibition. The 
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most active compounds 3b, 3g, 3h and 3l had 6.96, 18.20, 23.01 and 16.52% inhibition 

respectively at 25µM drug concentrations. The results for cytotoxicity for all the compounds 

are given in Table 6.2. Substitution of camptothecin with various moieties at its 10th position 

was found to result in reduced toxicity levels of the compound thereby resulting in drug-like 

compounds.  

6.2.7. Anti-mycobacterial screening for most active compound using adult zebrafish 

M.marinum when injected at higher bacterial counts into adult zebrafish always results in 

chronic granulomatous lesions. The pathology is logarithmically increased with increase in the 

bacterial count indicating dose dependency, making zebrafish model ideal to evaluate the 

virulence of various virulent bacterial species. Zebrafish acts as a natural host for M.marinum 

which is a commonly used laboratory animal for disease related studies. Adult zebrafish 

(Daniorerio) was infected with M.marinum and was assayed to estimate the infection recovery 

post-treatment. Granuloma-like lesions were observed on the dorsal side and around the fins as 

a sign of tuberculosis infection. The first line anti-tubercular agents, isoniazid (10mg/kg), 

rifampicin (5mg/kg) and ethambutol (10mg/kg) showed 1.8, 1.9 and 1.6 bacterial log reduction 

when compared to control whereas the second line anti-tubercular drug moxifloxacin (5mg/kg) 

showed 2.8 bacterial log reduction. The most active compound 3b when administered at a dose 

of 5mg/kg body weight (10 mg/kg showed high mortality rate) showed a bacterial log reduction 

of 2.2 when compared to control (shown in Figure 6.11 and Table 6.4). The compound 3b was 

found to be effectively inhibiting the pathogenesis when compared to that of isoniazid, 

rifampicin and ethambutol showing its potency towards mycobacteria. This study revealed the 

in vivo efficiency of the compound in addition to its in vitro tubercular inhibitory activity 

thereby suggesting its further optimization and development as an anti-tubercular agent. 
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Figure 6.11: Bactericidal effect of 3b on M. marinum. The drug is given at a dose of 5 mg/kg 

body weight for 7 days to M. marinum infected zebrafish. Bacterial count in both treated and 

untreated fish was determined using MPN assay. The error bars represents standard deviation. 

 

Table 6.4: Bacterial growth Log reduction values of active compounds with standard drugs 

Drug No. of Bacteria SD* Log reduction values 

Control 9600000 0  

Isoniazide, 10mg/kg 145000 15000 1.8 

Rifampicin, 5mg/kg 102000 25000 1.9 

Moxifloxacin, 5mg/kg 12600 1200 2.8 

Ethambutol, 10mg/kg 184000 30000 1.6 

compound 3b, 5mg/kg 60000 1800 2.2 

Amoxicillin, 10mg/kg 9400000 30000 -  

*Standard Deviation 
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6.2.8. Differential scanning fluorimetry 

Compound 3b was further investigated for its binding affinity towards Mtb Topo I using 

differential scanning flourimetry. The native protein and protein-ligand complex, when 

subjected to an incremental increase in temperature from 25 oC to 95 oC, exhibited a Tm 

(melting temperature) of 36.5 oC and 38.7 oC respectively. A positive shift in Tm of about 2.2 

oC was observed, as shown in Figure 6.12, indicating the increased stability of the protein over 

ligand binding. Thus, this biophysical characterization study revealed the efficient binding 

capacity of compound 3b with topoisomerase I. 

 

Figure 6.12: DSF experiment for compound 3b complexed with Mtb Topo I (red) depicting a 

positive shift of 2.2 oC in Tm with reference to that of native Mtb Topo I protein (green). 
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6.2.9. ADME predictions for synthesized hydroxycamptothecin derivatives 

Finally, 15 synthesized leads were analyzed for ADME prediction using QikProp module in 

Schrodinger. The predicted % human oral absorption and blood brain barrier for all the 

compounds were found to be good.  

With regard to logP predictions all compounds were found to be in the acceptable range. HERG 

toxicity being crucial was predicted for all compounds and was expected to be below -5. All 

the compounds were found to be safe with no potential cardiotoxicity as predicted by the 

software. 

The molecular weight of all these compounds except 3a were high. This showed the violation 

from rule of five drug like property. The most active compound (3b) showed good predicted 

ADME properties. Further studies could be carried out for this compound to make this 

molecule a potent drug candidate. The ADME properties for the synthesized compounds are 

shown in Table 6.5. 
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Table 6.5: ADME predictions for the synthesized hydroxycamptothecin derivatives: 

Compound 

ID 
QPlogPo/wa QPlogHERGb QPPCacoc QPlogBBd 

% Human 

oral 

absorptione 

Rule of 5f 

Lead 1 2.39 -4.83 153.01 -1.48 80.02 0 

3a 4.32 -6.74 533.78 -1.26 100 0 

3b 3.68 -6.55 97.7 -2.18 71.13 1 

3c 4.7 -6.6 533.32 -1.13 90.33 1 

3d 4.48 -6.55 448.08 -1.24 87.65 1 

3e 4.7 -6.43 461.83 -1.13 89.18 1 

3f 4.94 -6.37 533.76 -0.98 91.73 1 

3g 5.34 -6.22 532.65 -0.83 81.09 2 

3h 5.05 -6.5 533.77 -1.01 79.39 2 

3i 5.36 -6.4 537.11 -0.93 81.28 2 

3j 5.13 -6.61 533.76 -1.05 79.85 2 

3k 4.65 -6.54 533.78 -1.26 90.03 1 

3l 4.4 -6.62 533.79 -1.35 88.54 1 

3m 4.78 -6.62 533.77 -1.12 90.77 1 

3n 4.83 -6.35 533.73 -1.19 91.1 1 

3o 4.96 -6.66 533.33 -1.09 91.85 1 

a.Predicted octanol/water partition coefficient logP (acceptable range: −2.0 to 6.5); b.Predicted IC50 value for blockage of 

HERG K+ channels.(below -5); c.Predicted apparent Caco-2 cell permeability in nm/sec (<25 poor; >500 great); d.Predicted 

brain/blood partition coefficient (-3.0 to 1.2);eh.Percent human oral absorption (<25% is poor and >80% is high); f.Rule of 5 

violation (mol_MW < 500, QPlogPo/w < 5, donorHB ≤5, accptHB ≤10) 
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6.3. Synthesis and biological assessment of Lead-II amsacarine derivatives 

6.3.1. Lead optimization using medicinal chemistry 

 

Figure 6.13: Synthetic protocol for Amsacrine derivatives (6a-6i, 7a-7p) 

6.3.1.1. Preparation of substituted 2-(Phenylamino) benzoic acid derivatives (2a-b) 

To a stirred solution of 2-chlorobenzoic acid (10g, 64 mmol)  in DMF potassium carbonate 

(13.24g, 96 mmol) corresponding aniline (70.4 mmol) and copper powder  was added and 

heated up to 140 °C for 6 h. Reaction progress was monitored by TLC after completion, 

reaction mass was filtered through celite, celite bed was washed with ethyl acetate. The 

combined organic layer was evaporated under reduced pressure obtained crude was purified by 

flash column chromatography using 5-20 % ethyl acetate: hexane as eluent in 100-200 mesh 

silica gel to get the corresponding phenylamino benzoic acid derivatives in good yield. The 

intermediates (2a-b) were confirmed by mass (ESI mode) and proceeded to next step. 
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6.3.1.2. Preparation of 9-Chloroacridine derivatives from substituted phenyl amino 

benzoic acid intermediates (3a-b) 

The phenyl amino benzoic acid derivatives (47 mmol) (2a-b) were cyclised intramolecularly 

to 9-chloroacridine derivatives (3a-b) by refluxing them in 60 ml of POCl3 for 4 h and the 

reaction was monitored by TLC. The excess POCl3 was removed by rota evaporator under 

reduced pressure. To this crushed ice was added and neutralised with saturated bicarbonate 

solution until pH reaches to ~7, the solid separated was filtered, dried and purified by flash 

column chromatography using 5-10% ethyl acetate: hexane as eluent in 60-120 mesh silica gel 

to get the corresponding 9-chloroacridine derivatives in good yield. These compounds were 

confirmed by mass and proceeded to next step.  

6.3.1.3. Preparation of N-(2-Methoxy-4-nitrophenyl) acridin/2-methylacridine-9-amine 

intermediates (4a-b) 

The 9-chloroacridine derivatives (10 mmol) (3a-b) were further reacted with 4-nitro o-

anisidine (1.8g, 10.7 mmol) under microwave conditions in methanol using PTSA (Para-

toluene sulphonic acid) as a catalyst (5-10 mg) at 130 °C for 1 h, reaction was monitored by 

TLC. After completion of reaction, methanol was evaporated under vacuum the crude was 

dissolved in ethyl acetate, washed with saturated bicarbonate solution. The organic layer was 

dried over anhydrous sodium sulphate and evaporated under vacuum obtained crude was 

further purified by flash column chromatography in 60-120 silica gel using 10-35% ethyl 

acetate: hexane as eluent to get an yellow solid. 
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6.3.1.4. Preparation of N1-(Acridin/2-methylacridin-9-yl)-2-methoxybenzene-1,4-diamine 

intermediates (5a-b) 

The corresponding nitro acridin derivatives (6 mmol) (4a-b) were converted to amine 

derivatives by reducing with Fe- HCl in ethanol by refluxing for 4 h. The crude reaction mixture 

diluted with ethyl acetate and filtered through celite bed, the organic layer was dried over 

sodium sulphate and concentrated under vacuo. The obtained crude was purified by flash 

column chromatography using ethyl acetate: hexane as eluent to get a brown solid in good 

yields. 

6.3.1.5. Preparation of N-(3-Methoxy-4-((acridin/2-methylacridin-9-yl)amino)phenyl) 

methane/ substituted benzene sulfonamide derivatives (6a-6i)  

For the preparation of sulphonamide derivatives corresponding acridin amine derivatives (0.6 

mmol) (5a-b) were taken in 5 ml DMF (N, N dimethyl formamide) to this triethylamine (1.38 

mmol) and corresponding substituted alkyl/ aryl sulphonyl chlorides (0.6 mmol) were added at 

0 °C and allowed to stir at rt for 3 h. After completion of reaction crushed ice was added to the 

crude reaction mass the solid precipitated was filtered, dried and further purified by flash 

column chromatography using 5-10 % methanol: dichloromethane as eluent to fial 

sulphonamide derivatives in good yields. 

6.3.1.6. Preparation of 1-(3-Methoxy-4-((acridin/2-methylacridin-9-yl)amino)phenyl)-3-

phenylthiourea/ urea derivatives (7a-7p)  

For preparation thiourea and urea derivatives corresponding acridin amine derivative (0.6 

mmol), triethylamine (1.38 mmol) (Et3N) and substituted phenyl isothiocyanate/isocyanate 

(0.6 mmol) were dissolved in ethanol and heated at 80 °C for 8 h. After completion of reaction 
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the solid precipitated was filtered, dried and recrystallized from ethanol to get the final 

corresponding thiourea and urea derivatives. 

6.3.2. In vitro enzymatic assay of synthesized compounds 

The Mtb Topo I assay was performed by gel based assays, with a range of inhibitor 

concentrations from 50 to 1.5 µM. The synthesized 24 compounds were screened at 50 µM, of 

which almost all the compounds showed more than 60% inhibition, except compounds 6f, 7i, 

7j, 7k and 7l showed lesser inhibitions. Further, all the compounds were screened at lower 

concentrations and their inhibitory concentrations (IC50) were determined and given in Table 

6.6. Of twenty four, compound 6b and 6d was found with better Mtb Topo I inhibitory profile 

followed by the other compounds. Finally, when tested at lower concentrations of 25 µM, 12.5 

µM, 6.25 µM, 3.125 µM and 1.5 µM, compound 6b and 6d were emerged as the best 

compounds with an IC50 of 12.3 µM and 14.8 µM respectively.  
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Table 6.6: In vitro biological activity results for the synthesized amsacrine derivatives 6a-6i 

and 7a-7p 

 

 

Compd. R R1 R2 X 

IC50 

in 

uM  

MIC in uMa 
Cytotoxicity 

(% inhibition)b  H37Rv XDR 

6a H -  CH3  - 25 8.6 17.2 48.56 

6b H  - phenyl -  14.8 1.56 1.56 2.84 

6c H  - 4-chloro phenyl -  30.5 6.38 3.18 0.36 

6d H -  4-nitro phenyl  - 12.3 0.86 0.86 11.82 

6e H -  
4-methyl 

phenyl 
 - 19.4 26.62 13.31 0.94 

6f CH3 -  phenyl  - >50 13.31 13.31 11.24 

6g CH3 -  4-chloro phenyl  - 30.2 3.1 49.61 27.18 

6h CH3  - 4-nitro phenyl  - 34.1 48.59 48.59 21.85 

6i CH3 -  
4-methyl 

phenyl 
 - 40.1 3.23 1.61 2.35 

7a H H  - S 23.3 55.49 111 1.09 

7b H Cl -  S 26.9 103.1 103.1 14.94 

7c H NO2  - S 30.5 50.45 50.45 11.62 

7d H CH3 -  S 22.8 26.91 53.81 2.32 

7e CH3 H  - S 34.7 1.68 1.68 1.98 

7f CH3 Cl  - S 28.5 1.57 1.57 17.57 

7g CH3 NO2 -  S 32.8 0.77 1.53 17.33 

7h CH3 CH3 -  S 26.1 13.06 6.53 1.17 

7i H H -  O >50 7.19 14.39 0.32 

7j H Cl -  O 45.6 13.33 13.33 21.57 

7k H NO2 -  O 48.3 52.14 52.14 23.28 
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7l H CH3 -  O >50 55.74 111.5 0.66 

7m CH3 H -  O 40.5 13.94 13.94 0.84 

7n CH3 Cl -  O 36.9 3.23 0.81 0.96 

7o CH3 NO2 -  O 31.2 3.16 6.33 13.85 

7p CH3 CH3 -  O 43.2 1.69 0.84 1.36 

Isoniazid     nd 0.72 45.57 nd 

Rifampicin     nd 0.15 30.37 nd 

Ethambutol     nd 7.64 244.7 nd 

Moxifloxacin         nd 2.16 34.59 nd 

IC50 – 50% inhibitory concentration; MIC – minimum inhibitory concentration; Mtb – Mycobacterium tuberculosis; XDR – 

Extensively drug resistant; nd – not determined. 

a. MIC of the compounds on H37Rv and XDR-TB. 

b. IC50 of the compounds against Mtb Topo I. 

c. Cytotoxicity of compounds at 25 µM on Human embryonic kidney (HEK) cell line. 

 

6.3.3. SAR of amsacrine derivatives  

The synthesized amsacrine derivatives were docked to the Mtb Topo 1 model developed so as 

to study their interaction pattern at the active site. For convenience, the compounds were 

divided into two series. From the interaction behavior of amsacrine (6a) at the active site, in 

the first series (6b-6i), the R2 position was replaced by various aromatic moieties like phenyl, 

4-chlore phenyl, 4-nitro phenyl and 4-methyl phenyl and hydrogen at R position is replaced by 

methyl group so as to increase the hydrophobic interactions with the adjacent residues. The 

compounds with hydrogen at R position (6b-6e) were found to be more active than compounds 

with methyl group at R position (6f-6i). Of all the compounds, compound 6d with 4-nitro 

phenyl substitution at R2 position and hydrogen at R position was found to be highly active 

with an IC50 of 12.3 µM and MIC of 0.86 µM. The compound exhibited five polar contacts 

with active site residues Asp111, Glu115, Arg168, Arg195, and Ser495 as shown in Figure 

6.14 and emerged to be with best docking score of -4.78. The interaction profile of compound 

6d shows the polar contact of the oxygen atom of sulphonyl group with Arg168 and  the oxygen 

group of nitro group involved in polar contact with Arg195 making the compound most potent.  
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Figure 6.14: Ligand interaction diagram of most active compound 6d. 

 

Compounds 6b and 6e were also found to be active in vitro next to compound 6d. Of this, 

compound 6b, with phenyl substitution was found to be next most active compound with IC50 

14.8 µM. In both compounds 6b and 6e, the strong non-polar interactions of phenyl ring with 

Arg493 made the moiety stable (Figure 6.15). 
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Figure 6.15: Ligand interaction diagram of compounds 6b, 6c and 6e. 

 

In the second series (7a-7p), the R1 position is substituted with chloro, nitro and methyl 

substitution and the sulphonamide group is replaced with substituted ureas and thioureas. In 

this series, only one compound (7d) was found to more potent than Lead compound amsacrine. 

The ligand interaction picture of the compound 7d (Figure 6.16) shows the strong non-polar 

interactions of phenyl ring with Arg493 and the polar contacts of nitrogen and oxygen (of 

methoxy group) with active site residues, Asp113 and Tyr319 making the compound potent. 
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Figure 6.16: Ligand interaction diagram of compound 7d. 

 

6.3.4. In vitro active Mtb assay 

All the synthesized drugs were treated with Mtb H37Rv and XDR strain to determine their 

anti-tubercular activity using microplate alamar blue assay (MABA) with drug concentrations 

ranging from 50 µg/ml to 0.78 µg/ml in duplicates. The MIC values of the synthesized 

compounds along with the standard drugs are given in Table 6.6. The synthesized compounds 

exhibited active Mtb MIC ranging from 0.77 to 103.1 µM and XDR-TB MIC ranging from 

0.81 to 111.49 µM. Six compounds 6b, 6d, 7e, 7f, 7g and 7p were found with increased potency 

when compared to Moxifloxacin (MIC – 2.16µM), 12 compounds were found to be more active 
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than Ethambutol (MIC – 7.2 µM) and lead compound amsacrine (MIC- 8.6 µM). On XDR 

strain, almost all the synthesized compounds were more potent than the standard drug. 

6.3.5. In vitro dormant Mtb assay 

Dormancy was obtained by nutrient starvation, oxidative stress and nitrosative stress models. 

The nutrient starvation assay of the dormant cultures was carried out with standard drugs like 

isoniazid, rifampicin and moxifloxacin along with synthesized drugs for 7 days at a 

concentration of 10 µg/ml. The bacterial log reductions for various standard and synthesized 

drugs are as depicted in Figure 6.17 and Table 6.7. Out of 24 compounds, top 10 active 

compounds i.e., 6b, 6d, 6e, 6i, 7d, 7f, 7g, 7n, 7o and 7p were screened. Compounds 6b and 6d 

were found to be more potent than moxifloxacin in nutrient starvation model with bacterial log 

reduction 2.9 to 3.0. Compound 6d has exhibited most promising activity with ~3.0 bacterial 

log reduction and also inhibited Mtb Topo I with an IC50 of 12.3µM. In oxidative and 

nitrosative stress models, MABA assay was performed and MIC was calculated using the 

dormant cultures. The synthesized compounds exhibited MIC ranging from 0.77 to 111.49 µM 

in oxidative stress model and MIC ranging from 0.77 to 115.09 µM in nitrosative stress model 

(Table 6.8). Seven compounds were found to be most active than standard compound 

Moxifloxacin (MIC-3.88 µM) in both Oxidative and nitrosative stress. Fourteen compounds 

were found to be more active than standard compound Rifampicin (MIC- 60.75 µM). Almost 

all the synthesized compounds were active than Isoniazid and Ethambutol. The most active 

compound 6d was found to be more potent than all the standard compounds with MIC of 0.78 

µM and 0.86 µM in oxidative and nitrosative stress models respectively. 
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Figure 6.17: Bactericidal effect top 10 active compounds on dormant M. tuberculosis cells 

using nutrient starvation. Cells were treated with the compounds (10 µg/ml) for 7 days at 37°C. 

The viability of both treated and untreated cells was tested by MPN assay. The error bars 

represent standard deviation. 

Table 6.7: Bacterial growth Log reduction values of active compounds with standard drugs 

Compound No. of Bacteria SD* Log reduction values 

  2400000 0  

Isoniazid 42000 10000 1.7 

Rifampicin 19000 1900 2 

Moxifloxacin 3600 500 2.9 

6b 3600 400 2.9 

6d 3000 200 3 

6f 15000 1500 2.1 

6i 6000 500 2.6 

7d 3600 300 2.9 

7f 11000 1000 2.3 

7g 20000 1200 2 

7n 19000 1900 2 

7o 15000 1500 2.1 

7p 20000 2000 2 

          * Standard Deviation 
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Table 6.8: Dormant tb screening using oxidative and nitrosative stress models of synthesised 

amsacrine derivatives. 

Compd. R R1 R2 X 

MIC in uM on Dormant TB 

Oxidative stress 
Nitrosative 

stress 

6a H -  CH3  -   

6b H  - phenyl -  1.72 3.12 

6c H  - 4-chloro phenyl -  6.38 12.76 

6d H -  4-nitro phenyl  - 0.78 0.86 

6e H -  4-methyl phenyl  - 106.49 106.49 

6f CH3 -  phenyl  - 53.24 106.49 

6g CH3 -  4-chloro phenyl  - 1.55 3.1 

6h CH3  - 4-nitro phenyl  - 97.18 97.18 

6i CH3 -  4-methyl phenyl  - 12.88 0.81 

7a H H  - S 110.98 110.98 

7b H Cl -  S 103.1 103.1 

7c H NO2  - S 100.9 100.9 

7d H CH3 -  S 3.36 1.68 

7e CH3 H  - S 107.63 107.63 

7f CH3 Cl  - S 12.55 12.55 

7g CH3 NO2 -  S 0.77 0.77 

7h CH3 CH3 -  S 104.48 52.24 

7i H H -  O 57.54 115.09 

7j H Cl -  O 53.32 26.66 

7k H NO2 -  O 104.28 104.28 

7l H CH3 -  O 111.49 111.49 

7m CH3 H -  O 6.97 6.97 

7n CH3 Cl -  O 1.62 0.81 

7o CH3 NO2 -  O 3.16 1.58 

7p CH3 CH3 -  O 1.69 0.84 

Isoniazid - - - - 182.22 182.22 

Rifampicin - - - - 60.75 60.75 

Ethambutol - - - - 244.72 244.72 

Moxifloxacin - - - - 3.88 3.88 
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6.3.6. In vitro cytotoxicity screening 

All the synthesized compounds were checked for their safety profile by using Human 

Embryonic Kidney cell line HEK 293 at 25µM. This test was carried out using MTT assay. 

Lead compound amsacrine had 48.56% inhibition (Table 6.6). All the synthesized compounds 

showed very low inhibitory profile of 0.36 – 27.18% inhibition. The most active compounds 

6d had 11.82% inhibition at 25µM drug concentrations. The results for cytotoxicity for all the 

compounds are given in table 6.6. Substitution of amsacrine with various moieties was found 

to result in reduced toxicity levels of the compound thereby resulting in drug-like compounds.  

6.3.7. Anti-mycobacterial screening for most active compound using adult zebrafish 

The first line anti-tubercular agents, isoniazid (10mg/kg), rifampicin (5mg/kg) and ethambutol 

(10mg/kg) showed 1.8, 1.9 and 1.6 bacterial log reduction when compared to control whereas 

the second line anti-tubercular drug moxifloxacin (5mg/kg) showed 2.8 bacterial log reduction. 

The most active compounds, 6b and 6d when administered at a dose of 5mg/kg body weight 

showed a bacterial log reduction ranging from 2.8 to 3.1 when compared to control (shown in 

Figure 6.18 and Table 6.9). The compound 6d was found to be most potent with bacterial log 

reduction of ~3.1 and was effectively inhibiting the pathogenesis when compared to that of 

isoniazid, rifampicin, moxifloxacin and ethambutol showing its potency towards mycobacteria. 

This study revealed the in vivo efficiency of the compound in addition to its in vitro tubercular 

inhibitory activity thereby suggesting its further optimization and development as an anti-

tubercular agent. 
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Figure 6.18: Bactericidal effect of compounds 6b and 6d on M. marinum. The drug is given 

at a dose of 5 mg/kg body weight for 7 days to M. marinum infected zebrafish. Bacterial count 

in both treated and untreated fish was determined using MPN assay. The error bars represents 

standard deviation. 

Table 6.9: Bacterial growth Log reduction values of active compounds with standard drugs 

Drug No. of Bacteria SD* Log reduction Values 

Control 9600000 0  

Isoniazid, 10mg/kg 145000 15000 1.8 

Rifampicin, 5mg/kg 102000 25000 1.9 

Moxifloxacin, 5mg/kg 12600 1200 2.8 

Ethambutol, 10mg/kg 184000 30000 1.6 

6b, 5mg/kg 12150 2000 2.8 

6d, 5mg/kg 7566 700 3.1 

Amoxicillin, 10mg/kg 9400000 30000 -  

    * Standard Deviation 
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6.3.8. ADME predictions for synthesized Amsacrine derivatives 

ADME prediction was done using QikProp module in Schrodinger for 24 synthesized 

compounds. The predicted % human oral absorption and blood brain barrier for all the 

compounds were found to be good. With regard to logP predictions all compounds except 7b 

to 7f were found to be in the acceptable range. HERG toxicity being crucial was predicted for 

all compounds and was expected to be below -5. All the compounds were found to be safe with 

no potential cardiotoxicity as predicted by the software. 

The molecular weight of all these compounds except 6g and 6h were in acceptable range. The 

violation from rule of five drug like property was mainly due to high molecular weight and 

logP values. The most active compound (6d) showed good predicted ADME properties. 

Further studies could be carried out for this compound to make this molecule a potent drug 

candidate. The ADME properties for the synthesized compounds are shown in Table 6.10. 
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Table 6.10: ADME predictions for the synthesized Amsacrine derivatives. 

 

aPredicted octanol/water partition coefficient logP (acceptable range: −2.0 to 6.5); bPredicted IC50 value for blockage of HERG 

K+ channels.(below -5); cPredicted apparent Caco-2 cell permeability in nm/sec (<25 poor; >500 great);  dPredicted 

brain/blood partition coefficient (-3.0 to 1.2); ePercent human oral absorption (<25% is poor and >80% is high); fRule of 5 

violation (mol_MW < 500, QPlogPo/w < 5, donorHB 5, accptHB 10) 

 

 

 

Compound 

ID 
QPlogPo/wa QPlogHERGb QPPCacoc QPlogBBd 

% Human 

oral 

absorptione 

Rule of 5f 

6a 3.42 -6.51 701.99 -0.98 100 0 

6b 4.74 -7.67 865.92 -1.01 100 0 

6c 5.21 -7.55 930.88 -0.82 100 1 

6d 3.75 -6.38 168.19 -1.66 75.76 1 

6e 5.03 -7.58 931.78 -1 96.58 1 

6f 5.02 -7.58 930.89 -1 96.52 1 

6g 5.51 -7.47 929.64 -0.85 86.41 2 

6h 4.32 -7.49 111.26 -2.22 75.91 1 

6i 5.33 -7.49 930.57 -1.04 100 1 

7a 6.23 -8.13 3074.28 -0.22 100 1 

7b 6.72 -8.01 3081.73 -0.05 100 1 

7c 5.54 -8 367.67 -1.42 92.36 1 

7d 6.54 -8 3081.82 -0.23 100 1 

7e 6.54 -8.04 3062.87 -0.24 100 1 

7f 7.04 -7.96 3069.98 -0.07 100 1 

7g 5.86 -7.94 367.09 -1.48 81.23 2 

7h 6.86 -7.95 3078.56 -0.25 100 1 

7i 5.23 -6.9 1088.47 -0.71 100 1 

7j 5.94 -7.18 1088.38 -0.6 100 1 

7k 4.56 -6.79 130.06 -1.95 91.46 0 

7l 5.76 -7.18 1088.25 -0.78 100 1 

7m 5.55 -6.85 1087.13 -0.75 100 1 

7n 6.05 -6.74 1086.93 -0.59 100 1 

7o 4.88 -6.74 129.89 -2.02 93.32 0 

7p 5.87 -6.73 1084.81 -0.77 100 1 
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6.4. Synthesis and biological assessment of Lead-III tryptanthrin derivatives 

6.4.1. Lead optimization using Medicinal chemistry 

 

Figure 6.19: Synthetic protocol for Tryptanthrin derivatives (TR00-TR13). 

The most efficient method for the synthesis of tryptanthrin and many of its analogues is the 

reaction of isatoic anhydride with isatin. Isatoic anhydride and isatin were taken in 1:2 ratio 

and heated at 100 °C in the presence of solvent 1:2 DMF/Toluene and trimethylamine for 2-4 

hr. The reaction mixture was filtered and the filtrate was concentrated to get crude compound. 

Crude compound was triturated by using diisopropylether and dried to afford compound TR00-

TR13. Synthetic protocol for the same is shown in Figure 6.19.  

6.4.2. In vitro enzymatic assay of synthesized compounds 

Thirteen derivatives synthesized were screened for their activity on Mtb Topo I using the gel 

based assay with concentrations ranging from 50 µM to 1.5 µM. Initially, all the compounds 

were screened at 50 µM, out of which 6 compounds showed more than 60% inhibition at 50 

µM. These six compounds were subjected to further screening at lower concentrations. 4 

compounds were found to be more potent than Lead compound Tryptanthrin, and compounds 

TR07 and TR11 were emerged to be most active compounds with IC50 20.2 and 21.6 µM 

respectively. IC50 values for all the compounds were given in the Table 6.11. 
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Table 6.11: In vitro biological activity results for the synthesized tryptanthrin derivatives 

TR00-TR13. 

 

Compd. R1 R2 IC50 
MIC in uM Cytotoxicity (% 

inh) in uM 
MtbH37Rv XDR 

TR00 H  H 42.3 1.57 1.57 57.83 

TR01 H Cl >50 5.52 5.52 37.46 

TR02 H Br >50 4.77 9.55 32.05 

TR03 NO2 H >50 21.31 42.63 34.76 

TR04 F H >50 5.86 11.75 36.5 

TR05 F Cl 59.6 20.78 41.57 35.37 

TR06 F Br >50 1.13 1.13 19.44 

TR07 Cl H 20.2 2.76 1.38 7.06 

TR08 Cl Cl 48.5 9.85 9.85 27.26 

TR09 Cl Br 41.5 34.57 17.29 31.99 

TR10 Br H >50 76.42 152.84 9.67 

TR11 Br Cl 21.6 1.08 1.08 8.8 

TR12 Br Br 35.8 0.96 1.92 15.18 

TR13 CH3 H >50 11.93 47.71 29.89 

Isoniazid - - nd 0.72 45.57 nd 

Rifampicin - - nd 0.15 30.37 nd 

Ethambutol - - nd 7.64 244.7 nd 

Moxifloxacin - - nd 2.16 34.59 nd 

IC50 – 50% inhibitory concentration; MIC – minimum inhibitory concentration; 

Mtb – Mycobacterium tuberculosis; XDR – Extensively drug resistant; nd – not determined. 

a. MIC of the compounds on H37Rv and XDR TB. 

b. IC50 of the compounds against Mtb Topo I. 

c. Cytotoxicity of compounds at 25 µM on Human embryonic kidney (HEK) cell line. 
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6.4.3. SAR of Tryptanthrin derivatives  

The synthesized tryptanthrin derivatives were docked to the Mtb topo 1 model developed so as 

to study their interaction pattern at the active site. Thirteen derivatives were synthesized by 

substituting the R1 and R2 positions with Floro, Chloro, Bromo, Methyl and Nitro groups. Of 

all, compound TR07 and TR11 were found to be highly active with an IC50 of 20.2 and 21.6 

µM respectively. The compounds exhibited Mtb MIC of 2.6 and 1.08µM respectively. 

Compound TR07 and TR11 exhibited polar contact with active site residue Arg321 and strong 

non-polar interaction was seen with Lys502 (Figure 6.20 and 6.21).  

 

 

Figure 6.20: Ligand interaction diagram of compound TR07. 
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Figure 6.21: Ligand interaction diagram of compound TR11. 

 

6.4.4. In vitro active Mtb assay 

Thirteen synthesized drugs along with the Lead Tryptanthrin were treated with Mtb H37Rv 

and XDR strain to determine their anti-tubercular activity using microplate alamar blue assay 

(MABA) with drug concentrations ranging from 50 µg/ml to 0.78 µg/ml in duplicates. The 

MIC values of the synthesized compounds along with the standard drugs are given in Table 

6.11. The synthesized compounds exhibited active Mtb MIC ranging from 0.96 to 76.42 µM 

and XDR-TB MIC ranging from 1.08 to 152.84 µM. Three compounds TR07, TR11 and 

TR12 were found with increased potency when compared to Moxifloxacin (MIC – 2.16µM), 

8 compounds were found to be more active than Ethambutol (MIC – 7.2 µM) and lead 

compound amsacrine (MIC- 8.6 µM). On XDR strain, almost all the synthesized compounds 

were more potent than the standard drug. 

6.4.5. In vitro dormant Mtb assay 

Dormancy was obtained by nutrient starvation, oxidative stress and nitrosative stress models. 

In Nutrient starvation model, top 3 active compounds along with the lead compound were 
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screened on the dormant bacilli by MPN assay method and the bacterial log reductions for 

various standard and synthesized drugs were depicted in Figure 6.22 and Table 6.12. All the 4 

active compounds TR00, TR07, TR11 and TR12 were screened and found to be more potent 

than standard compounds isoniazid and Rifampicin in nutrient starvation model with bacterial 

log reduction ranging from ~2.1 to 2.9. Compound TR11 has exhibited most promising activity 

with ~2.9 bacterial log reduction and also inhibited Mtb topoisomerase I with an IC50 of 21.6 

µM. In oxidative and nitrosative stress models, the above 3 active compounds TR07, TR11 and 

TR12 were found to be potent than the standard compounds including Moxifloxacin out of 

which TR11 was found to be more active with MIC of 1.08 µM in both oxidative stress and 

nitrosative stress models (Table 6.13). 

Table 6.12: Bacterial growth Log reduction values of active compounds with standard drugs 

Drug No. of Bacteria SD* Log reduction values 

Control 2400000 0  

TR00 6000 400 2.6 

TR07 15000 300 2.1 

TR11 3000 500 2.9 

TR12 15000 1500 2.1 

Isoniazid 42000 10000 1.7 

Rifampicin 19000 1900 2 

Moxifloxacin 3000 500 2.9 

*Standard deviation 
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Figure 6.22: Bactericidal effect of TR00, TR07, TR11 and TR12 on dormant M. tuberculosis 

cells using nutrient starvation. Cells were treated with the compounds (10 µg/ml) for 7 days at 

37°C. The viability of both treated and untreated cells was tested by MPN assay. The error bars 

represent standard deviation. 

 

 

 

 

 

 

 

 

 

 

 

1.00E+03

1.00E+04

1.00E+05

1.00E+06

1.00E+07

C
e
ll

s
/m

l



                                      Mtb Topoisomerase I inhibitors 

95 
 

Table 6.13: Dormant tb screening using oxidative and nitrosative stress models of synthesised 

amsacrine derivatives. 

Compd. R1 R2 

MIC in uM on Dormant TB 

Oxidative stress Nitrosative stress 

TR00 H  H 50.36 1.57 

TR01 H Cl 22.11 22.11 

TR02 H Br 38.21 76.42 

TR03 NO2 H 2.66 2.66 

TR04 F H 2.93 2.93 

TR05 F Cl 41.57 41.57 

TR06 F Br 18.11 9.05 

TR07 Cl H 2.76 2.76 

TR08 Cl Cl 39.42 157.67 

TR09 Cl Br 138.29 138.29 

TR10 Br H 38.21 1.19 

TR11 Br Cl 1.08 1.08 

TR12 Br Br 2.98 2.98 

TR13 CH3 H 30.79 30.79 

Isoniazid - - 182.22 182.22 

Rifampicin - - 60.75 60.75 

Ethambutol - - 244.72 244.72 

Moxifloxacin - - 3.88 3.88 

 

6.4.6. In vitro cytotoxicity screening 

All the synthesized compounds were checked for their safety profile by using Human 

Embryonic Kidney cell line HEK 293 at 25µM. Lead compound Tryptanthrin (TR00) showed 

an inhibitory percentage of 57.83%. All the synthesized compounds showed very low 

inhibitory profile of 7.06 – 37.46% inhibition (Table 6.11). The most active compounds TR07, 

TR11 and TR12 had 7.06, 8.8 and 15.18% inhibition respectively at 25µM drug 

concentrations. The results for cytotoxicity for all the compounds are given in table 6.10. 

Substitution of tryptanthrin with various moieties at its 2nd and 8th position was found to result 

in reduced toxicity levels of the compound thereby resulting in drug-like compounds.  
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6.4.7. Anti-mycobacterial screening for most active compound using adult zebrafish 

The first line anti-tubercular agents, isoniazid (10mg/kg), rifampicin (5mg/kg) and ethambutol 

(10mg/kg) showed 1.8, 1.9 and 1.6 bacterial log reduction when compared to control whereas 

the second line anti-tubercular drug moxifloxacin (5mg/kg) showed 2.8 bacterial log reduction. 

The most active compounds, TR00 and TR11 when administered at a dose of 5mg/kgbody 

weight showed a bacterial log reduction of 2.6 and 3.0 when compared to control (shown in 

Figure 6.23 and Table 6.14). The compound TR11 was found to be effectively inhibiting the 

pathogenesis when compared to that of standard compound Moxifloxacin showing its potency 

towards mycobacteria. This study revealed the in vivo efficiency of the compound in addition 

to its in vitro tubercular inhibitory activity thereby suggesting its further optimization and 

development as an anti-tubercular agent. 

 

Figure 6.23: Bactericidal effect of TR00 and TR11 on M. marinum. The drug is given at a 

dose of 5 mg/kg body weight for 7 days to M. marinum infected zebrafish. Bacterial count in 

both treated and untreated fish was determined using MPN assay. The error bars represents 

standard deviation. 
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Table 6.14: Bacterial growth Log reduction values of active compounds with standard drugs 

Drug No. of Bacteria SD* Log reduction values 

Control 9600000 0  

Isoniazid, 10mg/kg 145000 15000 1.8 

Rifampicin, 5mg/kg 102000 25000 1.9 

Moxifloxacin, 5mg/kg 12600 1200 2.8 

Ethambutol, 10mg/kg 184000 30000 1.6 

TR00, 5mg/kg 23500 2500 2.6 

TR11, 5mg/kg 9000 2000 3 

Amoxicillin, 10mg/kg 9400000 30000 -  

*Standard Deviation 

 

6.4.8. ADME predictions for synthesised tryptanthrin derivatives 

ADME prediction was done using QikProp module in Schrodinger for 24 synthesized 

compounds. The predicted % human oral absorption and blood brain barrier for all the 

compounds were found to be good. With regard to logP predictions all compounds were found 

to be in the acceptable range. HERG toxicity being crucial was predicted for all compounds 

and was expected to be below -5. All the compounds except TR02, TR08 and TR09 were 

found to be safe with no potential cardiotoxicity as predicted by the software. 

The molecular weight of all these compounds were in acceptable range. All the compounds 

were following Lipinski Rule of 5. The most active compound (TR11) showed good predicted 

ADME properties. Further studies could be carried out for this compound to make this 

molecule a potent drug candidate. The ADME properties for the synthesized compounds are 

shown in Table 6.15. 
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Table 6.15: ADME predictions for the synthesized Tryptanthrin derivatives. 

Compound 

ID 
QPlogPo/wa QPlogHERGb QPPCacoc QPlogBBd 

% Human oral 

absorptione 
Rule of 5f 

TR 00 1.01 -5.09 763.96 -0.44 84.44 0 

TR 01 1.51 -5.06 764.1 -0.3 87.4 0 

TR 02 1.25 -4.99 763.98 -0.34 85.84 0 

TR 03 1.59 -5.1 764.05 -0.29 87.86 0 

TR 04 1.33 -5.07 764.18 -0.48 86.34 0 

TR 05 0.25 -5.08 91.17 -1.41 63.47 0 

TR 06 2.02 -5.02 764.18 -0.15 90.36 0 

TR 07 2.18 -5.09 764.08 -0.13 91.28 0 

TR 08 1.83 -4.99 764.01 -0.18 89.26 0 

TR 09 1.75 -4.95 764.06 -0.19 88.8 0 

TR 10 2.1 -5.05 764.13 -0.14 90.82 0 

TR 11 2.1 -5.05 764.13 -0.14 90.82 0 

TR 12 1.59 -5.1 763.99 -0.29 87.86 0 

TR 13 1.51 -5.06 764.04 -0.3 87.4 0 

aPredicted octanol/water partition coefficient logP (acceptable range: −2.0 to 6.5); bPredicted IC50 value for blockage of HERG 

K+ channels.(below -5); cPredicted apparent Caco-2 cell permeability in nm/sec (<25 poor; >500 great);  dPredicted 

brain/blood partition coefficient (-3.0 to 1.2); ePercent human oral absorption (<25% is poor and >80% is high); fRule of 5 

violation (mol_MW < 500, QPlogPo/w < 5, donorHB 5, accptHB 10). 

 

               
6.5. Summary and conclusion 

To conclude, this chapter focussed on homology modelling and virtual screening of in-house 

database using the model was attempted to identify novel inhibitors. Top fifteen hits identified 

were screened experimentally and three leads, hydroxycamptothecin, amsacarine and 

tryptanthrine with IC50’s M were found to be the primary molecule for further development. 

15 optimized derivatives were synthesized for hydroxycamptothecin and evaluated for their 

ability to inhibit Mtb Topo 1, activity against Mtb (both H37Rv and XDR) and cytoxicity as 

steps towards the structure-activity relationships and lead optimization. Of these, compounds 

3b, 3g, 3h and 3l were found with Mtb Topo I inhibitory activity below 10 µM with compound 

3b being most active with 2.9 µM. These four compounds, which also showed a better activity 
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profile against resistant form of TB (XDR strain) when compared to standard anti-tubercular 

agents, were further tested against dormant form of Mtb. The four compounds were found to 

be effective when compared to isoniazid and rifampicin against dormant form Mtb of which 

compound 3b with nitro benzyl substitution was the best. Furthermore, it was observed that 

compound 3b emerged to be effective against in vivo zebrafish model. 

For lead-II, amsacrine, 24 derivatives were synthesised and evaluated for their activity on Mtb 

Topo I, Mtb H37Rv, XDR tb and cytotoxicity out of which compounds 6b, 6d and 6e were 

found to be more active than the Lead compound amsacrine with compound 6d being most 

active with 12.3 µM. Top 10 active compounds were screened for dormant model. Compounds 

6b and 6d were found to be most active and were screened for in vivo zebrafish model. 

Compound 6d with nitro phenyl substitution at R2 position was found to be most active with 

~3.1 bacterial log reduction. 

For lead-III, tryptanthrine, 13 derivatives were synthesised and assessed for their activity Mtb 

Topo I, Mtb H37Rv, XDR tb and cytotoxicity out of which 3 compounds were more active 

than the Lead 3 Tryptanthrin. Top 4 active compounds were screened for dormant model. 

Compounds TR11 was found to be most active and was screened for invivo zebrafish model. 

Compound TR11 with bromo substitution at R1 and chloro substitution at R2 positions was 

found to be most active with ~3.0 bacterial log reduction. 
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Figure 6.24: Flow chart showing the design and biological assessment of Mtb Topo I inhibitors
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Chapter7   

   Summary and Future perspectives 

 
Based on the biological investigation and literature report, the Mtb Topo I was found to be an 

important target for the treatment of Mtb infection in both active and dormant model. Thus, the 

present study focused on the design of novel inhibitors for Mtb infection. 

7.1. Development of mycobacterial Topo I inhibitors 

In summary, homology model was prepared for Mtb Topo I as there is no crystal structure 

reported. High throughput virtual screening campaign against developed Mtb Topo I model 

using a library comprising 1000 compounds, we successfully identified three Leads 

Hydroxycamptothecin, Amsacrine and Tryptanthrin. These leads were further derivitised using 

medicinal chemistry approach. The derived compounds were screened for Invitro Mtb Topo I 

enzyme activity, active tb screening (both on H37Rv and XDR), dormant TB screening and in 

vivo anti-mycobacterial activity. Further, the biophysical characterization was evaluated using 

differential scanning flourimetry experiments. In series-I (Hydroxycamptothecin derivatives), 

Compound 3b emerged as most potent Mtb Topo I inhibitor with Topo I inhibitory IC50 of 2.9 

M; Mtb MIC of 5.92M and was not cytotoxic at 25 M. The compound was further screened 

for dormant model and compound 3b was found to be potent than standard anti-tubercular 

compounds exhibiting ~3.1 bacterial log reduction when compared to control. The compound 

3b was also found to be active when screened for in vivo anti-mycobacterial activity exhibiting 

~2.6 bacterial log reduction. 

 Series-II (Amsacrine derivatives), Compound 6d emerged as most potent Mtb Topo I inhibitor 

with Topo I inhibitory IC50 of 12.3 M; Mtb MIC of 0.86M and was not cytotoxic at 25 M. 
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The compound was further screened for dormant model and compound 6d was found to be 

potent than standard anti-tubercular compounds exhibiting ~3.0 bacterial log reduction when 

compared to control. The compound 6d was also found to be active when screened for in vivo 

anti-mycobacterial activity exhibiting ~3.1 bacterial log reduction. 

In series-III (Tryptanthrin derivatives), Compound TR07 and TR11 emerged as most potent 

Mtb Topo I inhibitor with Topo I inhibitory IC50 of 20.2 and 21.6 M respectively; Mtb MIC 

of 2.76 and 1.08M and were not cytotoxic at 25 M. The compound TR11 was further 

screened for dormant model and compound was found to be potent than First line anti-

tubercular compounds exhibiting ~2.9 bacterial log reduction when compared to control. The 

compound TR11 was also found to be active when screened for in vivo anti-mycobacterial 

activity exhibiting ~3.0 bacterial log reduction. 

In conclusion, the class of compounds described here are the most promising lead compounds 

for further optimization and development to yield novel drugs for fast growing bacterial 

infections. The study also provides the basis for further chemical and biological optimization 

of these potent inhibitors as potential anti-tubercular agents. 

7.2. Future perspectives 

The Mtb Topo I is essential for the survival of bacterial populations, suggesting that it acts as 

potential targets for the development of novel anti-mycobacterial compounds.  

The present study could be extended to resolve the x-ray crystallography of Mtb Topo I bound 

to these novel inhibitors as there was no crystal structure and there were no/not much reported 

inhibitors till date. The synthesized compounds were focussed to possess significant in vitro 

and in vivo activity; studies are still required to confirm pharmacokinetic and 

pharmacodynamics profiles of the active leads including safety profile. Also, further mutational 

studies and macrophage infection studies could be evaluated for the most promising leads 
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specific to Mtb Topo I. The advancement of any of the compound presented in the thesis along 

with the development path would require significant investment. 
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Annexures 

 

Annexure I: Synthesis of Hydroxycamptothecin derivatives (3a-3o): 

The procedures and characterization data are given for all the synthesized compounds. 

Preparation of Hydroxycamptothecin derivatives (3a-3o): 

To a solution of 7-Ethyl-10-hydroxycamptothecin (0.02 g, 0.0510 mmol) in 1,4-dioxane (5 

mL) was added Cs2CO3 (0.019 g, 0.0612 mmol) followed by corresponding benzylbromide 

derivative (0.0561 mmol) and the resulting solution was heated under reflux for 12 h under 

inert atmosphere. The reaction mixture was filtered and the filtrate was concentrated to get 

crude compound. Crude compound was triturated by using diisopropylether and dried to afford 

compound 3a – 3o.  

9-(Benzyloxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-b] quinoline-

3,14(4H,12H)-dione (3a):  

Yellow solid; Yield (65%); mp: 232-234°C. 1H NMR (DMSO-d6):H . 0.87(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.84-1.88(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.28(s, 2H),  5.36(s, 2H), 

5.42(s, 2H), 6.50(s, 1H), 7.29-7.45(m, 4H), 7.54(m, 4H), 8.08(d, 1H, J = 9.9 Hz).13C NMR 

(DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 144.2, 140.3, 134.2, 131.9, 129.2, 

128.6, 125.7, 123.2, 120.9, 119.8, 114.4, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 51, 39.3, 29.4, 

21.5, 15.5. ESI-MS m/z 483 (M + H)+ . Anal calcd for C29H26N2O5 :C, 72.18; H, 5.43; N, 5.81; 

Found: C, 72.19; H, 5.44; N, 5.82. 
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4,11-Diethyl-4-hydroxy-9-((2-nitrobenzyl)oxy)-1H-pyrano[3',4':6,7]indolizino[1,2-

b]quinoline-3,14(4H,12H)-dione (3b):  

Brown solid; Yield (78%); mp: 219-221°C. 1H NMR (CDCl3):H . 1.03(t, 3H, J = 7.6Hz), 1.33(t, 

3H, J = 7.6Hz), 1.83-1.95(m, 2H), 3.12(q, 2H, J = 7.6 Hz), 3.88(s, 1H), 5.23(s, 2H),  5.30(d, 

1H, J = 16 Hz), 5.67(s, 2H), 5.74(d, 1H, J = 16 Hz), 7.40(d, 1H, J = 2.8 Hz), 7.52-7.58(m, 2H), 

7.60(s, 1H), 7.72(t, 2H, J = 8.0 Hz), 7.94(d, 1H, J =16 Hz), 8.19(t, 1H, J = 8.4 Hz).13C NMR 

(DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 154.9, 152.5, 149.2, 147.1, 145.8, 143.9, 140.2, 

138.9, 132.6, 129.8, 127.2, 126.7, 124.8, 120.5, 109.7, 105.4, 78.9, 71.7, 69.7, 51, 39.3, 29.4, 

21.5, 15.5. ESI-MS m/z 528 (M + H)+ . Anal calcd for C29H25N3O7 :C, 66.03; H, 4.78; N, 7.97; 

Found: C, 66.05; H, 4.76; N, 7.96. 

9-((2-Chlorobenzyl)oxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-

b]quinoline-3,14(4H,12H)-dione (3c):  

Yellow solid; Yield (64%); mp: 232-234°C. 1H NMR (DMSO-d6):H . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.85-1.89(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.26(s, 2H),  5.41(s, 2H), 

5.42(s, 2H), 6.51(s, 1H), 7.27(s, 2H), 7.40-7.45(m, 2H), 7.54-7.58(m, 3H), 7.68-7.71(m, 1H), 

8.08(d, 1H, J = 9.9 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 

148.2, 146, 142.3, 139.2, 137.9, 135.2, 131.6, 129.8, 127.2, 124.9, 122.8, 117.5, 109.7, 105.4, 

78.9, 71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 518 (M + H)+ . Anal calcd for 

C29H25ClN2O5 :C, 67.38; H, 4.87; N, 5.42; Found: C, 67.39;H, 4.88; N, 5.43. 

4,11-Diethyl-9-((3-fluorobenzyl)oxy)-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-

b]quinoline-3,14(4H,12H)-dione (3d):  

Off-white solid; Yield (62%); mp: 217-219°C. 1H NMR (DMSO-d6):H . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.2Hz), 1.79-1.92(m, 2H), 3.17(q, 2H, J = 7.6 Hz), 5.24(s, 2H),  5.33(s, 2H), 

5.42(s, 2H), 6.52(s, 1H), 7.11-7.21(m, 1H), 7.26(s, 2H), 7.34-7.46(m, 3H), 7.51-7.58(m, 1H), 
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8.06(d, 1H, J = 9.0 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 

148.2, 146.1, 143.8, 142.3, 139.2, 137.9, 131.6, 129.8, 127.2, 124.9, 122.8, 117.5, 109.7, 105.4, 

78.9, 71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 501 (M + H)+ . Anal calcd for 

C29H25FN2O5 :C, 69.59; H, 5.03; N, 5.60; Found: C, 69.58; H, 5.01; N, 5.58. 

9-((3,4-Difluorobenzyl)oxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino [1,2-

b]quinoline-3,14(4H,12H)-dione (3e):  

Brown solid; Yield (58%); mp: 233-235°C. 1H NMR (DMSO-d6):H . 0.87(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.84-1.88(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.30(s, 2H), 5.36(s, 2H), 

5.42(s, 2H), 6.48(s, 1H), 7.27(s, 2H), 7.40-7.52(m, 2H), 7.59-7.68(m, 2H), 8.10(d, 1H, J = 7.2 

Hz).13C NMR (DMSO-d6):C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 149.2, 147, 145.3, 

142.2, 141.6, 137.9, 135.2, 134.6, 132.7, 126.2, 119.8, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 

51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 519 (M + H)+ . Anal calcd for C29H24F2N2O5 :C, 67.18; 

H, 4.67; N, 5.40; Found:  C, 67.19; H, 4.65; N, 5.42. 

4,11-Diethyl-4-hydroxy-9-((2,3,4-trifluorobenzyl)oxy)-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3f):  

Brown solid; Yield (58%); mp: 181-183°C. 1H NMR (DMSO-d6):H . 0.89(t, 3H, J = 7.2Hz), 

1.29(t, 3H, J = 7.6Hz), 1.84-1.88(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.31(s, 2H),  5.38(s, 2H), 

5.42(s, 2H), 6.51(s, 1H), 7.28(s, 2H), 7.41-7.52(m, 1H), 7.59-7.68(m, 2H), 8.10(d, 1H, J = 7.2 

Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 157.9, 155.5, 152.2, 150.8, 147, 

145.3, 142.2, 141.6, 137.9, 135.2, 134.6,132.7, 119.8, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 51, 

39.3, 29.4, 21.5, 15.5. ESI-MS m/z 537 (M + H)+ . Anal calcd for C29H23F3N2O5 :C, 64.92; 

H, 4.32; N, 5.22; Found:  C, 64.94; H, 4.29; N, 5.23. 
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4,11-Diethyl-4-hydroxy-9-((perfluorophenyl)methoxy)-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3g):  

Yellow solid; Yield (65%); mp:226-228°C. 1H NMR (DMSO-d6): H . 0.87(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.84-1.88(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.28(s, 1H),  5.32(s, 2H), 

5.42(s, 2H), 5.50(s, 1H), 6.51(s, 1H), 7.28(s, 1H), 7.42(s, 1H), 7.72(d, 1H, J = 7.4 Hz), 8.10(d, 

1H, J = 9.0 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 157.9, 155.5, 152.2, 

151.9, 150.8, 147, 145.3, 142.2, 141.6, 137.9, 135.2, 134.6, 132.7, 121.5, 119.7, 112.4, 82.9, 

71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 573 (M + H)+. Anal calcd for C29H21F5N2O5 

:C, 60.84; H, 3.70; N, 4.89; Found:  C, 60.83; H, 3.69; N, 4.87. 

9-((3-Chloro-5-fluorobenzyl)oxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3h):  

Brown solid; Yield (72%); mp:225-227°C. 1H NMR (DMSO-d6):H . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.2Hz), 1.79-1.92(m, 2H), 3.17(q, 2H, J = 7.6 Hz), 5.28(s, 2H), 5.40(s, 2H), 

5.42(s, 2H), 6.47(s, 1H), 7.28(s, 3H), 7.39-7.43(m, 2H), 7.52(m, 1H), 8.10(d, 1H, J = 9.2 Hz). 

13C NMR (DMSO-d6):C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 148.2, 146, 142.3, 139.2, 

137.9, 135.2, 134.6, 132.7, 126.2, 122.9, 119.8, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 51, 39.3, 

29.4, 21.5, 15.5.ESI-MS m/z 536 (M + H)+ . Anal calcd for C29H24ClFN2O5 :C, 65.11; H, 4.52; 

N, 5.24; Found: C, 65.13; H, 4.53; N, 5.23. 

4,11-Diethyl-9-((4-fluoro-2-(trifluoromethyl)benzyl)oxy)-4-hydroxy-1H-pyrano 

[3',4':6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3i):  

Brown solid; Yield (72%); mp: 221-223°C.1H NMR (DMSO-d6):H . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.2Hz), 1.79-1.92(m, 2H), 3.17(q, 2H, J = 7.6 Hz), 5.28(s, 2H),  5.40(s, 2H), 

5.42(s, 2H), 6.47(s, 1H), 7.28(s, 2H), 7.36-7.41(m, 2H), 7.42(s, 1H), 7.54-7.59(m, 1H), 8.10(d, 

1H, J = 9.2 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 149.2, 147, 
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142.2, 141.6, 137.9, 135.2, 134.6, 132.7, 129.4, 126.2, 122.7, 119.8, 111.5, 109.7, 105.4, 78.9, 

71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 570 (M + H)+. Anal calcd for C30H24F4N2O5 

:C,63.38; H, 4.26; N, 4.93; Found:  C, 63.39; H, 4.25; N, 4.95. 

4,11-Diethyl-4-hydroxy-9-((2-(trifluoromethyl)benzyl)oxy)-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3j): 

Brown solid; Yield (53%); mp: 223-225°C. 1H NMR (DMSO-d6):H . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.4Hz), 1.84-1.88(m, 2H), 3.19(q, 2H, J = 8.0 Hz), 5.25(s, 2H),  5.39(s, 2H), 

5.41(s, 2H), 6.49(s, 1H), 7.27(s, 1H), 7.40-7.45(m, 2H), 7.54-7.58(m, 3H), 7.60-7.69(m, 1H), 

8.08(d, 1H, J = 9.9 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 

149.2, 142.2, 141.6, 137.9, 135.2, 134.6, 132.7, 129.4, 126.2, 125.6, 122.7, 119.8, 111.5, 109.7, 

105.4, 78.9, 71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 551 (M + H)+ . Anal calcd for 

C30H25F3N2O5 :C, 65.45; H,4.58; N, 5.09; Found: C, 65.44; H, 4.56; N, 5.08. 

4,11-Diethyl-9-((3-fluoro-4-methoxybenzyl)oxy)-4-hydroxy-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3k): 

Yellow solid; Yield (59%); mp: 171-173°C.1H NMR (DMSO-d6): H. . 0.89(t, 3H, J = 7.2Hz), 

1.24(t, 3H, J = 7.6Hz), 1.82-1.89(m, 2H), 3.18(q, 2H, J = 7.6 Hz), 3.76(s, 3H), 5.29(s, 2H), 

5.30(s, 2H), 5.43(s, 2H), 6.49(s, 1H), 6.92(dd, 1H, J = 3.2 Hz, J = 8.8 Hz), 7.25(dd, 2H, J = 3.4 

Hz, J = 8.8 Hz), 7.56-7.61(m, 3H), 8.10(d, 1H, J = 9.2 Hz). 13C NMR (DMSO-d6):C 190.5, 

172.5, 168.9, 162.3, 160.1, 153.9, 152.3, 150.5, 148.2, 146, 142.3, 139.2, 137.9, 135.2, 131.6, 

127.7, 119.8, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 59.8, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS 

m/z 531 (M + H)+ . Anal calcd for C30H27FN2O6 :C, 67.92; H, 5.13; N, 5.28; Found: C, 67.93; 

H, 5.11; N, 5.26. 
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4,11-Diethyl-4-hydroxy-9-((3-methoxybenzyl)oxy)-1H-pyrano[3',4':6,7] indolizino[1,2-

b]quinoline-3,14(4H,12H)-dione (3l): 

Yellow solid; Yield (65%); mp: 228-230°C. 1H NMR (DMSO-d6):H. 0.88(t, 3H, J = 7.2Hz), 

1.27(t, 3H,J = 7.6Hz), 1.83-1.88(m, 2H), 3.18(q, 2H,J = 7.6Hz), 3.75(s, 3H), 5.29(s, 2H), 

5.34(s, 2H), 5.42(s, 2H), 6.47(s, 2H), 6.92(dd, 1H, J = 3.2 Hz, J = 8.8 Hz), 7.25-7.28(m, 2H), 

7.56-7.1(m, 3H), 8.10(d, 1H, J = 9.2 Hz). 13C NMR (DMSO-d6):C 190.5, 172.5, 168.9, 162.3, 

160.1, 151.9, 150.5, 148.2, 146, 142.3, 139.2, 137.9, 135.2, 131.6, 127.7, 122.9, 119.8, 111.5, 

109.7, 105.4, 78.9, 71.7, 69.7, 59.8, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 514 (M + H)+. Anal 

calcd for C30H28N2O6 :C, 70.30; H, 5.51; N, 5.47; Found: C, 70.31; H, 5.50; N, 5.45. 

9-((2-Bromobenzyl)oxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7]indolizino[1,2-

b]quinoline-3,14(4H,12H)-dione (3m): 

Brown solid; Yield (68%); mp: 236-238°C. 1H NMR (DMSO-d6): H. . 0.88(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.85-1.89(m, 2H), 3.19(q, 2H,J = 8.0 Hz), 5.26(s, 2H), 5.41(s, 2H), 

5.42(s, 2H), 6.51(s, 1H), 7.27(s, 1H), 7.39-7.45(m, 2H), 7.54-7.58(m, 3H), 7.68-7.71(m, 1H), 

8.09(d, 1H, J = 9.8 Hz). 13C NMR (DMSO-d6): ): C 190.5, 172.5, 162.3, 160.1, 151.9, 150.5, 

148.2, 146, 142.3, 139.2, 137.9, 135.2, 131.6, 127.7, 126.2, 122.9, 119.8, 111.5, 109.7, 105.4, 

78.9, 71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 562 (M + H)+ . Anal calcd for 

C29H25BrN2O5 :C, 62.04; H, 4.49; N, 4.99; Found: C, 62.05; H, 4.47; N, 4.50. 

9-((2-Bromo-5-methoxybenzyl)oxy)-4,11-diethyl-4-hydroxy-1H-pyrano[3',4':6,7] 

indolizino[1,2-b]quinoline-3,14(4H,12H)-dione (3n): 

Yellow solid; Yield (65%); mp: 164-166°C. 1H NMR (DMSO-d6): H . 0.89(t, 3H, J = 7.2Hz), 

1.28(t, 3H, J = 7.6Hz), 1.84-1.89(m, 2H), 3.19(q, 2H, J = 7.6 Hz), 3.78(s, 3H), 5.30(s, 2H),  

5.34(s, 2H), 5.42(s, 2H), 6.50(s, 1H), 6.92(dd, 1H, J = 3.2 Hz, J = 8.8 Hz), 7.25-7.28(m, 3H), 

7.56-7.61(m, 2H), 8.10(d, 1H, J = 9.2 Hz).13C NMR (DMSO-d6): C 190.5, 172.5, 168.9, 162.3, 
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160.1, 153.9, 152.3, 151.9, 150.5, 148.2, 146, 142.3, 139.2, 137.9, 135.2, 131.6, 121.7, 119.8, 

111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 51, 39.3, 29.4, 21.5, 15.5.ESI-MS m/z 592 (M + H)+ . 

Anal calcd for C30H27BrN2O6 :C, 60.92; H, 4.60; N, 4.74; Found:  C, 60.91; H, 4.59; N, 4.75. 

4,11-Diethyl-4-hydroxy-9-((4-iodobenzyl)oxy)-1H-pyrano[3',4':6,7]indolizino[1,2-b] 

quinoline-3,14(4H,12H)-dione (3o):  

Brown solid; Yield (58%); mp: 161-163°C. 1H NMR (DMSO-d6):H . 0.87(t, 3H, J = 7.2Hz), 

1.26(t, 3H, J = 7.6Hz), 1.84-1.88(m, 2H), 3.20(q, 2H, J = 8.0 Hz), 5.30(s, 2H), 5.36(s, 2H), 

5.42(s, 2H), 6.48(s, 1H), 7.27(s, 3H), 7.40-7.52(m, 2H), 7.59-7.68(m, 2H), 8.10(d, 1H, J = 7.2 

Hz). 13C NMR (DMSO-d6):C 190.5, 172.5, 168.9, 162.3, 160.1, 151.9, 150.5, 148.2, 146, 

142.3, 139.2, 137.9, 135.2, 131.6, 127.7, 119.8, 114.4, 111.5, 109.7, 105.4, 78.9, 71.7, 69.7, 

51, 39.3, 29.4, 21.5, 15.5. ESI-MS m/z 610 (M + H)+ . Anal calcd for C29H25IN2O5 :C, 57.25; 

H, 4.14; N, 4.60; Found: C, 57.23; H, 4.15; N, 4.61. 
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Annexure II: Synthesis of Amsacrine derivatives (6a-6i, 7a-7p): 

Preparation of substituted 2-(Phenylamino)benzoic acid derivatives (2a-b): 

To a stirred solution of 2-chlorobenzoic acid (10g, 64 mmol)  in DMF potassium carbonate 

(13.24g, 96 mmol) corresponding aniline (70.4 mmol) and copper powder  was added and 

heated up to 140 C for 6 h. Reaction progress was monitored by TLC after completion, reaction 

mass was filtered through celite, celite bed was washed with ethyl acetate. The combined 

organic layer was evaporated under reduced pressure obtained crude was purified by flash 

column chromatography using 5-20 % ethyl acetate: hexane as eluent in 100-200 mesh silica 

gel to get the corresponding phenylamino benzoic acid derivatives in good yield. The 

intermediates (2a-b) were confirmed by mass (ESI mode) and proceeded to next step. 

2-(Phenylamino)benzoic acid (2a):  

Off-white solid; Yield 75%; ESI-MS was found at 212(M-H)-. 

2-(p-Tolylamino)benzoic acid (2b):  

Pale brown solid; Yield 77%; ESI-MS was found at 228 (M+H)+. 

Preparation of 9-Chloroacridine derivatives from substituted phenyl amino benzoic acid 

intermediates (3a-b): 

The phenyl amino benzoic acid derivatives (47 mmol) (2a-b) were cyclised intramolecularly 

to 9-chloroacridine derivatives (3a-b) by refluxing them in 60 ml of POCl3 for 4 h and the 

reaction was monitored by TLC. The excess POCl3 was removed by rota evaporator under 

reduced pressure. To this crushed ice was added and neutralised with saturated bicarbonate 

solution until pH reaches to ~7, the solid separated was filtered, dried and purified by flash 

column chromatography using 5-10% ethyl acetate: hexane as eluent in 60-120 mesh silica gel 
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to get the corresponding 9-chloroacridine derivatives in good yield. These compounds were 

confirmed by mass and proceeded to next step.  

9-Chloroacridine (3a):   

Pale orange solid; Yield 69%; ESI-MS was found at 228 (M+H)+. 

9-Chloro-2-methylacridine (3b):  

Pale brown solid; Yield 71%; ESI-MS was found at 228 (M+H)+. 

Preparation of N-(2-Methoxy-4-nitrophenyl)acridin/2-methylacridine-9-amine 

intermediates (4a-b): 

The 9-chloroacridine derivatives (10 mmol) (3a-b) were further reacted with 4-nitro o- 

anisidine (1.8g, 10.7 mmol) under microwave conditions in methanol using PTSA (Para-

toluene sulphonic acid) as a catalyst (5-10 mg) at 130 °C for 1 h, reaction was monitored by 

TLC. After completion of reaction, methanol was evaporated under vacuum the crude was 

dissolved in ethyl acetate, washed with saturated bicarbonate solution. The organic layer was 

dried over anhydrous sodium sulphate and evaporated under vacuum obtained crude was 

further purified by flash column chromatography in 60-120 silica gel using 10-35% ethyl 

acetate: hexane as eluent to get an yellow solid. 

N-(2-Methoxy-4-nitrophenyl) acridin-9-amine (4a):  

Brown solid; Yield 69%; ESI-MS was found at 346 (M+H)+. 

N-(2-Methoxy-4-nitrophenyl)-2-methylacridin-9-amine (4b):  

Pale brown solid; Yield 68%; ESI-MS was found at 358 (M-H)-. 
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Preparation of N1-(Acridin/2-methylacridin-9-yl)-2-methoxybenzene-1,4-diamine 

intermediates (5a-b): 

The corresponding nitro acridin derivatives (6 mmol) (4a-b) were converted to amine 

derivatives by reducing with Fe- HCl in ethanol by refluxing for 4 h. The crude reaction mixture 

diluted with ethyl acetate and filtered through celite bed, the organic layer was dried over 

sodium sulphate and concentrated under vacuo. The obtained crude was purified by flash 

column chromatography using ethyl acetate: hexane as eluent to get a brown solid in good 

yields. 

N1-(Acridin-9-yl)-2-methoxybenzene-1,4-diamine:  

Brown solid; Yield 68%; ESI-MS was found at 316  (M+H)+. 

2-Methoxy-N1-(2-methylacridin-9-yl)benzene-1,4-diamine:  

Pale brown solid; Yield 64%; ESI-MS was found at 330  (M+H)+. 

Preparation of N-(3-Methoxy-4-((acridin/2-methylacridin-9-yl)amino)phenyl) methane/ 

substituted benzene sulfonamide derivatives (6a-6i) : 

For the preparation of sulphonamide derivatives corresponding acridin amine derivatives (0.6 

mmol) (5a-b) were taken in 5 ml DMF (N, N dimethyl formamide) to this triethylamine (1.38 

mmol) and corresponding substituted alkyl/ aryl sulphonyl chlorides (0.6 mmol) were added at 

0 C and allowed to stir at rt for 3 h. After completion of reaction crushed ice was added to the 

crude reaction mass the solid precipitated was filtered, dried and further purified by flash 

column chromatography using 5-10 % methanol: dichloromethane as eluent to fial 

sulphonamide derivatives in good yields. 
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N-(4-(Acridin-9-ylamino)-3-methoxyphenyl)methanesulfonamide (6a):  

Orange solid; Yield 80%; mp 234-236 °C; 1H NMR (DMSO-d6): δH. 2.89 (s, 3H), 3.87 (s, 3H), 

5.91-5.94 (m, 2H), 6.41 (d, 1H, J = 7.8 Hz), 7.55-7.97 (m, 6H), 8.19 (m, 2H), 9.94 (s, 1H), 

10.81 (s, 1H). 13C NMR (DMSO-d6): δC. 150.3, 148.5, 142.8(2C), 128.9(2C), 128.4, 127.8(2C), 

126.1(2C), 122.7, 130.1(2C), 118.3, 114.9(2C), 109.5, 100.6, 55.8, 40.1. EI-MS m/z 392 (M-

H)-. Anal Calcd. for C21H19N3O3S:C, 64.10; H, 4.87; N, 10.68; O, 12.20; S, 8.15; Found: 64.08, 

H, 4.82, N, 10.61. 

N-(4-(Acridin-9-ylamino)-3-methoxyphenyl)benzenesulfonamide (6b):  

Brown solid; Yield 64%; mp 125-127 °C; 1H NMR (DMSO-d6): δH. 3.86 (s, 3H), 5.92-5.96 

(m, 2H), 6.31 (d, 1H, J = 8.1 Hz), 7.56-7.94 (m, 11H), 8.19 (m, 2H), 9.96 (s, 1H), 10.71 (s, 

1H). 13C NMR (DMSO-d6): δC. 150.4, 148.7, 142.9(2C), 140.3, 132.2, 130.6(2C), 129.8(2C), 

129.0, 128.1(2C), 127.8(2C), 126.9(2C), 123.2, 121.5(2C), 118.8, 115.4(2C), 109.8, 100.6, 

56.2. EI-MS m/z 454 (M-H)-. Anal Calcd. for C26H21N3O3S: C, 68.55; H, 4.65; N, 9.22; Found: 

C, 68.52; H, 4.67; N, 9.19. 

N-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-4-chlorobenzenesulfonamide (6c):  

Pale brown solid; yield 74%; mp 118-120 °C; 1H NMR (DMSO-d6): δH. 3.86 (s, 3H), 5.92-

5.96 (m, 2H), 6.29 (d, 1H, J = 7.8 Hz), 7.61-7.96 (m, 10H), 8.15 (m, 2H), 9.87 (s, 1H), 10.67 

(s, 1H). 13C NMR (DMSO-d6): δC. 150.2, 148.8, 142.8(2C), 138.4(2C), 130.5(2C), 129.7(2C), 

129.4(2C), 128.6(3C), 126.9(2C), 123.0, 121.4(2C), 119.0, 115.5(2C), 110.1, 100.9, 56.3. EI-

MS m/z 490 (M+H)+. Anal Calcd. for C26H20ClN3O3S: C, 63.73; H, 4.11; N, 8.58; Found: C, 

63.69; H, 4.16; N, 8.61. 
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N-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-4-nitrobenzenesulfonamide (6d):  

Brown solid; Yield 70%; mp 127-129 °C; 1H NMR (DMSO-d6): δH. 3.84 (s, 3H), 5.92 (m, 2H), 

6.32 (d, 1H, J = 8.1 Hz), 7.57-7.93 (m, 6H), 8.10-8.41 (m, 6H), 9.91 (s, 1H), 10.74 (s, 1H). 13C 

NMR (DMSO-d6): δC. 152.7, 150.5, 148.5, 146.2, 142.9(2C), 130.4(2C), 129.2, 128.7(2C), 

128.1(2C), 127.0(2C), 124.7(2C), 123.1, 121.5(2C), 118.5, 115.3(2C), 110.0, 100.7, 56.5. EI-

MS m/z 499 (M-H)-. Anal Calcd. for C26H20N4O5S: C, 62.39; H, 4.03; N, 11.19; Found: C, 

62.42; H, 4.06; N, 11.15. 

N-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-4-methylbenzenesulfonamide (6e):  

Brown solid; Yield 71%; mp 136-138 °C; 1H NMR (DMSO-d6): δH. 2.36 (s, 3H), 3.79 (s, 3H), 

5.94 (m, 2H), 6.25 (d, 1H, J = 7.8 Hz), 7.43-7.92 (m, 10H), 8.21 (m, 2H), 9.87 (s, 1H), 10.71 

(s, 1H). 13C NMR (DMSO-d6): δC. 150.4, 148.9, 142.8(2C), 138.3, 137.5, 130.5(2C), 

129.9(2C), 129.0(2C), 128.6(3C), 128.0(2C), 123.4, 121.4(2C), 118.7, 115.4(2C), 109.8, 

100.6, 56.3, 22.0. EI-MS m/z 470 (M+H)+. Anal Calcd. for C27H23N3O3S: C, 69.06; H, 4.94; 

N, 8.95; Found: C, 69.09; H, 4.81; N, 8.97. 

N-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)benzenesulfonamide (6f):  

Brown solid; yield 68%; mp 147-149 °C; 1H NMR (DMSO-d6): δH. 2.35 (s, 3H), 3.85 (s, 3H), 

5.95 (m, 2H), 6.29 (d, 1H, J = 7.8 Hz), 7.52-7.83 (m, 10H), 8.01-8.19 (m, 2H), 9.92 (s, 1H), 

10.57 (s, 1H). 13C NMR (DMSO-d6): δC. 149.9, 148.7, 142.7, 140.4(2C), 135.6, 132.7(3C), 

130.5, 129.8(3C), 129.1, 128.0(3C), 122.9, 122.0, 121.2, 119.8, 118.9, 109.9, 108.5, 100.5, 

56.2, 22.4. EI-MS m/z 470 (M+H)+. Anal Calcd. for C27H23N3O3S: C, 69.06; H, 4.94; N, 8.95; 

Found: C, 69.02; H, 4.79; N, 8.91. 
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4-Chloro-N-(3-methoxy-4-((2-methylacridin-9-yl)amino)phenyl)benzenesulfonamide 

(6g):  

Pale brown solid; Yield 69%; mp 136-138 °C; 1H NMR (DMSO-d6): δH. 2.32 (s, 3H), 3.82 (s, 

3H), 5.92 (m, 2H), 6.31 (d, 1H, J = 8.1 Hz), 7.53-7.87 (m, 9H), 8.02-8.22 (m, 2H), 9.97 (s, 1H), 

10.77 (s, 1H). 13C NMR (DMSO-d6): δC. 150.0, 148.5, 142.8, 140.2, 138.5(2C), 135.7, 

132.2(2C), 130.6, 130.0(3C), 129.4(3C), 127.5, 123.1, 122.0, 121.4, 119.8, 118.9, 109.7, 108.3, 

100.8, 56.4, 22.3. EI-MS m/z 502 (M-H)-. Anal Calcd. for C27H22ClN3O3S: C, 64.34; H, 4.40; 

N, 8.34; Found: C, 64.37; H, 4.36; N, 8.39. 

N-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-4-nitrobenzenesulfonamide (6h): 

Brown solid; Yield 68%; mp 109-111 °C; 1H NMR (DMSO-d6): δH. 2.36 (s, 3H), 3.86 (s, 3H), 

5.92 (m, 2H), 6.29 (d, 1H, J = 7.8 Hz), 7.53-7.97 (m, 6H), 8.14-8.41 (m, 5H), 9.93 (s, 1H), 

10.74 (s, 1H). 13C NMR (DMSO-d6): δC. 151.9, 149.7, 148.9, 146.3, 142.6, 140.1, 135.4, 

132.0(2C), 130.3(2C), 128.8(3C), 127.7, 124.9(2C), 123.2, 121.9, 121.0, 119.7, 118.5, 109.8, 

108.4, 100.5, 56.1, 22.6. EI-MS m/z 515 (M+H)+. Anal Calcd. for C27H22N4O5S: C, 63.02; H, 

4.31; N, 10.89; Found: C, 63.04; H, 4.35; N, 10.91. 

N-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-4-methylbenzenesulfonamide 

(6i):  

Pale brown solid; Yield 69%; mp 140-142 °C; 1H NMR (DMSO-d6): δH. 2.32 (s, 6H), 3.84 (s, 

3H), 5.93 (m, 2H), 6.27 (d, 1H, J = 8.2 Hz), 7.39-7.83 (m, 9H), 8.01 -8.23 (m, 2H), 9.88 (s, 

1H), 10.77 (s, 1H). 13C NMR (DMSO-d6): δC. 149.9, 148.5, 142.7, 140.1, 138.3, 137.2, 135.4, 

132.6(2C), 130.7, 130.1(3C), 129.0(3C), 127.9, 123.1, 121.9, 121.2, 119.8, 118.9, 109.8, 108.3, 

100.6, 56.3, 22.6(2C). EI-MS m/z 484 (M+H)+. Anal Calcd. for C28H25N3O3S: C, 69.54; H, 

5.21; N, 8.69; Found: C, 69.49; H, 5.25; N, 8.73. 
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Preparation of 1-(3-Methoxy-4-((acridin/2-methylacridin-9-yl)amino)phenyl)-3-

phenylthiourea/ urea derivatives (7a-7p) : 

For preparation thiourea and urea derivatives corresponding acridin amine derivative (0.6 

mmol), triethylamine (1.38 mmol) (Et3N) and substituted phenyl isothiocyanate/isocyanate 

(0.6 mmol) were dissolved in ethanol and heated at 80 °C for 8 h. After completion of reaction 

the solid precipitated was filtered, dried and recrystallized from ethanol to get the final 

corresponding thiourea and urea derivatives. 

1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-phenylthiourea (7a):  

Brown solid; Yield 70%; mp 150-152 °C; 1H NMR (DMSO-d6): δH. 3.85 (s, 3H), 5.74-5.89 

(m, 2H), 6.25-6.78 (2H, J = 7.5Hz), 7.23-7.71 (m, 8H), 7.97-8.15 (m, 4H), 8.89 (s, 2H), 10.5 

(s, 1H, J = 7.6Hz). 13C NMR (DMSO-d6): δC. 180.2, 150.4, 148.6, 143.0(2C), 139.1, 130.3(2C), 

129.9(2C) 129.5(2C), 128.7(3C), 128.1(2C), 127.0(2C), 126.8(2C), 121.4(2C), 120.2, 118.6, 

115.3(2C), 110.9, 56.3. EI-MS m/z: 451 (M+H)+. Anal Calcd. for C27H22N4OS: C, 71.98; H, 

4.92; N, 12.44; Found: C, 72.01; H, 4.87; N, 12.49. 

1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(4-chlorophenyl)thiourea (7b):  

Pale brown solid; Yield 73%; mp 116-118 °C; 1H NMR (DMSO-d6): δH. 3.87 (s, 3H), 5.71-

5.99 (m, 2H), 6.29-6.56 (m, 3H), 7.27-7.81 (m, 6H), 7.99-8.19 (m, 4H, J = 7.6Hz), 9.01 (s, 2H), 

9.98 (s, 1H, J = 8.2Hz). 13C NMR (DMSO-d6): δC. 180.4, 150.5, 142.9(2C), 142.5, 137.3, 134.2, 

131.8(2C), 130.4(2C), 129.7(2C), 129.1, 128.5(2C), 127.9(2C), 126.7(2C), 121.4(2C), 

118.3(2C), 111.5(2C), 56.1. EI-MS m/z 483 (M-H)-. Anal Calcd. for C27H21ClN4OS: C, 66.86; 

H, 4.36; N, 11.55; Found: C, 66.83; H, 4.38; N, 11.51. 
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1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(4-nitrophenyl)thiourea (7c):  

Yellow solid; Yield 71%; mp 120-122 °C; 1H NMR (DMSO-d6): δH. 3.89 (s, 3H). 5.72-5.87 

(m, 2H, J = 7.26Hz), 6.22-6.65 (m, 3H), 7.61-7.92 (m, 6H), 8.04-8.19 (m, 4H, J = 7.26Hz), 

8.89 (s, 2H), 9.97 (s, 1H). 13C NMR (DMSO-d6): δC. 180.2, 150.4, 148.5, 145.0, 144.5, 

143.1(2C), 130.4(2C), 129.1(2C), 128.3(2C), 126.9(2C), 125.6(2C), 124.8(2C), 121.5(2C), 

120.2, 118.1, 115.2(2C), 110.7, 56.2. EI-MS m/z  496 (M+H)+. Anal Calcd. for C27H21N5O3S: 

C, 65.44; H, 4.27; N, 14.13; Found: C, 65.47; H, 4.22; N, 14.06. 

1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(p-tolyl)thiourea (7d):  

Pale brown solid; Yield 71%; mp 137-139 °C; 1H NMR (DMSO-d6): δH. 2.36 (s, 3H), 3.86 (s, 

3H), 5.74-5.89 (m, 2H), 6.23-6.97 (m, 5H), 7.57-7.96 (m, 6H), 8.19 (d, 2H, J = 7.8 Hz), 8.87 

(s, 2H), 10.3 (s, 1H, J = 8.1Hz). 13C NMR (DMSO-d6): δC. 180.3, 150.4, 148.2, 142.9(2C), 

137.7, 136.2, 130.6(2C), 129.8(2C), 128.7(2C), 128.2(2C), 126.9(2C), 126.7(2C), 121.5(2C), 

120.3, 118.3, 115.5(2C), 110.8, 55.4, 21.7. EI-MS m/z 465 (M+H)+. Anal Calcd. for 

C28H24N4OS: C, 72.39; H, 5.21; N, 12.06; Found: C, 72.36; H, 5.23; N, 12.11. 

1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-phenylthiourea (7e):  

Brown solid; Yield 69%; mp 142-145 °C; 1H NMR (DMSO-d6): δH. 2.36 (s, 3H), 3.86 (s, 3H), 

5.97-5.85 (m, 2H), 6.79-6.24 (m, 2H, J = 7.6Hz), 7.81-7.21 (m, 9H), 8.19-8.01 (m, 2H, J = 

7.6Hz), 8.98 (s, 2H), 9.98 (s, 1H). 13C NMR (DMSO-d6): δC. 180.3, 149.7, 148.4, 142.4, 139.9, 

138.8, 135.6, 131.7(2C), 130.1(2C), 129.5(2C), 128.9(3C), 127.7, 127.1(2C), 122.0, 121.2, 

119.9(2C), 118.3, 110.7, 108.5, 56.1, 22.2. EI-MS m/z 463 (M-H)-. Anal Calcd. for 

C28H24N4OS: C, 72.39; H, 5.21; N, 12.06; Found: C, 72.41; H, 5.24; N, 12.09. 
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1-(4-Chlorophenyl)-3-(3-methoxy-4-((2-methylacridin-9-yl)amino)phenyl)thiourea (7f):  

Pale brown solid; Yield 67%; mp 124-126 °C; 1H NMR (DMSO-d6): δH. 2.32 (s, 3H), 3.85 (s, 

3H), 3.85 (s, 3H), 5.79-5.89 (m, 2H), 6.19-6.56 (m, 3H), 7.25-7.84 (m, 7H), 8.00-8.17 (d, 2H, 

J = 7.9 Hz), 9.01 (s, 2H), 9.98 (s, 1H), 13C NMR (DMSO-d6): δC. 180.1, 149.8, 148.3, 142.5, 

140.1, 137.2, 135.7, 134.1, 132.0, 131.8(3C), 130.1(2C), 129.8(2C), 128.8(2C), 127.9, 121.9, 

121.0, 120.1(2C), 118.4, 110.7, 108.3, 56.3, 22.1. EI-MS m/z 499 (M+H)+. Anal Calcd. for 

C28H23ClN4OS: C, 67.39; H, 4.65; N, 11.23; Found: C, 67.35; H, 4.68; N, 11.21. 

1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-(4-nitrophenyl)thiourea (7g): 

Pale brown solid; Yield 68%; mp 136-138 °C; 1H NMR (DMSO-d6): δH. 2.35 (s, 3H), 3.86 (s, 

3H), 5.78-5.94 (m, 2H), 6.23-6.67 (m, 3H), 7.58-7.89 (m, 6H, J = 7.5Hz), 8.03-8.18 (m, 3H), 

9.08 (s, 2H, J = 8.1Hz), 10.6 (s, 1H), 13C NMR (DMSO-d6): δC. 180.3, 149.6, 148.2, 145.0, 

144.4, 142.7, 140.0, 135.6, 131.9(2C), 130.2(2C), 128.9(2C), 127.8, 125.6(2C), 124.9(2C), 

122.0, 121.7, 120.2(2C), 118.4, 110.8, 108.5, 55.3, 22.3. EI-MS m/z 508 (M-H)-. Anal Calcd. 

for C28H23N5O3S:: C, 66.00; H, 4.55; N, 13.74; Found: C, 66.03; H, 4.49; N, 13.77. 

1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-(p-tolyl)thiourea (7h):  

Pale brown solid; Yield 65%; mp 163-165 °C; 1H NMR (DMSO-d6): δH. 2.36 (s, 6H), 3.82 (s, 

3H), 5.74-5.86 (m, 2H), 6.26-6.94 (m, 5H), 7.51-7.95 (m, 6H), 8.16 (d, 1H, J = 8.4 Hz), 9.04 

(s, 2H), 9.89 (s, 1H). 13C NMR (DMSO-d6): δC. 180.5, 149.8, 148.6, 142.3, 140.1, 137.7, 

135.9(2C), 132.2(2C), 130.5(2C), 129.8(2C), 129.0(2C), 127.5, 126.8(2C), 121.7, 121.3, 

119.6(2C), 118.2, 110.8, 108.4, 55.7, 22.5(2C). EI-MS m/z 479 (M+H)+. Anal Calcd. for 

C29H26N4OS: C, 72.78; H, 5.48; N, 11.71;  Found: C, 72.75; H, 5.52; N, 11.74. 
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1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-phenylurea (7i):  

Brown solid; Yield 68%; mp 184-186 °C; 1H NMR (DMSO-d6): δH. 3.83 (s, 3H), 6.51-6.97 

(m, 2H, J = 7.5Hz), 7.19-7.59 (m, 8H), 7.81-8.15 (m, 6H, J = 7.8Hz), 8.98 (s, 2H), 10.5 (s, 1H). 

13C NMR (DMSO-d6): δC. 153.4, 150.2, 148.2, 142.9(2C), 139.8, 130.3(2C), 129.5(2C), 

128.7(2C), 28.3(2C), 127.4(3C), 122.1(2C), 121.5(2C), 117.9, 115.4(3C), 106.1, 55.7. EI-MS 

m/z 435 (M+H)+. Anal Calcd. for C27H22N4O2: C, 74.64; H, 5.10; N, 12.89; Found: C, 74.61; 

H, 5.05; N, 12.93. 

1 1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(4-chlorophenyl)urea (7j):  

Brown solid; Yield 71%; mp 174-176 °C; 1H NMR (DMSO-d6): δH. 3.31 (s, 3H), 6.59-6.98 

(m, 2H), 7.16-7.92 (m, 11H), 8.19 (d, 2H, J = 7.8 Hz), 8.97 (s, 2H), 9.97 (s, 1H). 13C NMR 

(DMSO-d6): δC. 153.6, 150.4, 147.3, 143.1(2C), 138.2, 133.8, 130.5(2C), 129.5(2C), 128.9, 

128.2(2C), 127.7, 127.2(2C), 121.4(2C), 121.0(2C), 118.3, 115.5(3C), 106.1, 55.9. EI-MS m/z 

467 (M-H)-. Anal Calcd. for C27H21ClN4O2: C, 69.15; H, 4.51; N, 11.95; Found: C, 69.11; H, 

4.54; N, 11.98. 

1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(4-nitrophenyl)urea (7k):  

Pale yellow solid; Yield 64%; mp 190-192 °C; 1H NMR (DMSO-d6): δH. 3.85 (s, 3H), 6.62-

7.03 (m, 2H), 7.15-7.94 (m, 9H), 8.15-8.27 (m, 4H), 8.89 (s, 2H, J = 8.1Hz), 9.98 (s, 1H). 13C 

NMR (DMSO-d6): δC. 153.5, 150.3, 147.9, 146.1, 144.3, 142.9(2C), 130.5(2C), 129.0, 

128.3(2C), 127.5, 127.0(2C), 124.8(2C), 121.6(2C), 120.4(2C), 118.1, 115.3(3C), 106.2, 55.5. 

EI-MS m/z 480 (M+H)+. Anal Calcd. for C27H21N5O4: C, 67.63; H, 4.41; N, 14.61; Found: C, 

67.67; H, 4.39; N, 14.63. 
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1-(4-(Acridin-9-ylamino)-3-methoxyphenyl)-3-(p-tolyl) urea (7l):  

Pale brown solid; Yield 64%; mp 197-199 °C; 1H NMR (DMSO-d6): δH. 2.31 (s, 3H, J = 

7.26Hz), 3.84 (s, 3H), 6.55-7.01 (m, 2H), 7.19-7.74 (m, 9H), 7.98-8.15 (m, 4H, J = 8.1Hz), 

8.97 (s, 2H), 10.6 (s, 1H, J = 8.1Hz). 13C NMR (DMSO-d6): δC. 153.4, 150.2, 148.2, 142.9(2C), 

137.3(2C), 130.5(2C), 129.9(2C), 129.0, 128.3(2C), 127.5, 127.0(2C), 122.8(2C), 121.6(2C), 

118.3, 115.6(3C), 106.0, 56.2, 21.9. EI-MS 449 (M+H)+. Anal Calcd. for C28H24N4O2: C, 

74.98; H, 5.39; N, 12.49; Found: C, 74.95; H, 5.41; N, 12.46. 

1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-phenylurea (7m):  

Pale brown solid; Yield 68%; mp 200-202 °C; 1H NMR (DMSO-d6): δH. 2.31 (s, 3H), 3.85 (s, 

3H), 6.53-6.88 (m, 2H), 7.14-7.95 (m, 11H), 8.19 (d, 1H, J = 8.1 Hz), 9.06 (s, 2H), 10.7 (s, 

1H). 13C NMR (DMSO-d6): δC. 153.5, 149.7, 148.1, 142.3, 140.1(2C), 135.6, 132.0(2C), 130.4, 

129.5(2C), 128.9(2C), 128.6(2C), 127.4, 122.9(3C), 121.3, 119.9, 118.4, 115.2, 108.6, 106.1, 

56.4, 22.3. EI-MS m/z 447 (M-H)-. Anal Calcd. for C28H24N4O2: C, 74.98; H, 5.39; N, 12.49; 

Found: C, 75.02; H, 5.35; N, 12.48. 

1-(4-Chlorophenyl)-3-[3-methoxy-4-((2-methylacridin-9-yl)amino)phenyl]urea (7n): 

 Brown solid; Yield 63%; mp 210-212 °C; 1H NMR (DMSO-d6): δH. 2.35 (s, 3H), 3.81 (s, 3H, 

J = 7.5Hz), 6.59-6.97 (m, 2H), 7.19-7.96 (m, 11H, J = 7.6Hz), 8.21 (m, 1H), 9.07 (s, 2H), 9.97 

(s, 1H, J = 8.1Hz). 13C NMR (DMSO-d6): δC. 153.6, 149.7, 148.4, 142.3, 140.1, 138.3, 135.8, 

133.9, 132.1(2C), 130.5(2C), 129.7(2C), 128.9, 127.5(2C), 122.1, 121.4(3C), 119.8, 118.1, 

115.4, 108.3, 106.0, 56.2, 22.5. EI-MS m/z 483 (M+H)+. Anal Calcd. for C28H23ClN4O2: C, 

69.63; H, 4.80; N, 11.60; Found: C, 69.61; H, 4.83; N, 11.57. 
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1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-(4-nitrophenyl)urea (7o):  

Pale brown solid; Yield 68%; mp 191-192 °C; 1H NMR (DMSO-d6): δH. 2.32 (s, 3H), 3.79 (s, 

3H), 6.62-6.94 (m, 2H), 7.12-7.89 (m, 9H), 8.19-8.27 (m, 3H, J = 7.6Hz), 9.04 (s, 2H), 10.2 (s, 

1H, J = 7.6Hz). 13C NMR (DMSO-d6): δC. 153.4, 149.8, 148.3, 146.1, 144.3, 142.6, 140.1, 

135.6, 131.8(2C), 130.5(2C), 128.7, 127.3(2C), 124.7(2C), 122.3, 121.6, 120.3(2C), 119.6, 

118.2, 115.3, 108.5, 106.1, 56.4, 22.2. EI-MS m/z 492 (M-H)-. Anal Calcd. for C28H23N5O4: 

C, 68.14; H, 4.70; N, 14.19; Found: C, 68.17; H, 4.74; N, 14.16. 

1-(3-Methoxy-4-((2-methylacridin-9-yl)amino)phenyl)-3-(p-tolyl)urea (7p):  

Pale brown solid; Yield 62%; mp 189-190 °C; 1H NMR (DMSO-d6): δH. 2.32 (s, 6H), 3.81 (s, 

3H), 6.48-6.96 (m, 2H), 7.15-7.61 (m, 8H, J = 7.8Hz), 7.80-8.21 (m, 4H), 8.99 (s, 2H), 9.89 (s, 

1H, J = 7.6Hz). 13C NMR (DMSO-d6): δC. 153.6, 149.7, 148.4, 142.3, 140.1, 137.3(2C), 135.8, 

132.0(2C), 130.7, 129.9(3C), 128.7, 127.4(2C), 122.1(3C), 121.3, 119.8, 118.4, 114.5, 108.3, 

106.2, 56.4, 22.5(2C). EI-MS m/z 463 (M+H)+. Anal Calcd. for C29H26N4O2: C, 75.30; H, 5.67; 

N, 12.11; Found: C, 75.32; H, 5.61; N, 12.15. 
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Annexure III: Synthesis of Tryptanthrin derivatives (TR00-TR13): 

The most efficient method for the synthesis of tryptanthrin and many of its analogues is the 

reaction of isatoic anhydride with isatin. Isatoic anhydride and isatin were taken in 1:2 ratio 

and heated at 100 °C in the presence of solvent 1:2 DMF/Toluene and trimethylamine for 2-4 

hr. The reaction mixture was filtered and the filtrate was concentrated to get crude compound. 

Crude compound was triturated by using diisopropylether and dried to afford compound TR00-

TR13. 

Indolo[2,1-b]quinazoline-6,12-dione (TR00): 

Yellow solid; Yield 48%; mp 189-190 °C; 1H NMR (DMSO-d6):H 7.30(t, 1H, J = 7.5Hz), 

7.65(q, 2H), 7.72(m, 1H, J = 7.5Hz), 7.99-8.05(m, 3H), 8.49(d, 1H, J = 7.5Hz); 13C NMR 

(DMSO-d6): C. 187.4, 160.6, 151.7, 146.2, 145.5, 134.7, 133.4, 130.0, 129.9, 127.3, 126.7, 

126.6, 125.7, 120.8,117.7. ESI-MS m/z 249 (M + H)+.Anal Calcd. for C15H8N2O2: C, 72.58; 

H, 3.25; N, 11.28; O, 12.89; Found: C, 72.60; H, 3.24; N, 11.29; O, 12.88. 

2-Chloro-indolo[2,1-b]quinazoline-6,12-dione (TR01): 

Yellow solid; Yield 57.6%; mp 252-253 °C; 1H NMR (DMSO-d6): H 7.40(m, 2H, J = 

7.26Hz), 7.75(d, 1H), 7.99-8.05(m, 3H), 8.49(d, 1H, J = 7.2.6Hz); 13C NMR (DMSO-d6): C. 

187.4, 160.6, 151.7, 146.2, 143.6, 134.7, 133.5, 132.9, 130.0, 129.9, 127.7, 127.7, 125.7, 122.2, 

117.7. ESI-MS m/z 283 (M + H)+. Anal Calcd. for C15H7ClN2O2: C, 63.73; H, 2.50; Cl, 12.54; 

N, 9.91; O, 11.32; Found: C, 63.74; H, 2.49; N, 11.28; O, 12.89. 

2-Bromo-indolo[2,1-b]quinazoline-6,12-dione (TR02): 

Pale yellow solid; Yield 47%; mp 258-259 °C; 1H NMR (DMSO-d6): H 7.40(m, 1H, J = 

7.26Hz), 7.71(d, 1H), 7.99-8.05(q, 3H), 8.25(s, 1H, J = 7.26Hz),  8.49(d, 1H, J = 7.2.6Hz); 13C 

NMR (DMSO-d6): C. 187.4, 160.6, 151.7, 146.2, 144.5, 136.3, 134.7, 132.3, 130.0, 129.9, 
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125.7, 124.6, 123.0, 121.7, 117.7. ESI-MS m/z 328 (M + H)+. Anal Calcd. for C15H7BrN2O2: 

C, 55.07; H, 2.16; Br, 24.43; N, 8.56; O, 9.78; Found: C, 55.08; H, 2.15; Br, 24.44; N, 8.54; O, 

9.79. 

8-Nitro-indolo[2,1-b]quinazoline-6,12-dione (TR03): 

Light green solid; Yield 30%; mp 276-277 °C; 1H NMR (DMSO-d6): H 7.64-7.71(m, 3H, J = 

7.5Hz), 8.05(d, 1H), 8.25(d, 1H, J = 7.5Hz),  8.44(s, 1H, J = 7.5Hz), 8.53(d, 1H); 13C NMR 

(DMSO-d6): C. 187.4, 160.6, 152.3, 151.7, 145.5, 144.0, 133.4, 129.9, 127.3, 126.7, 

126.6,123.7, 123.0, 120.8, 118.6 ESI-MS m/z 294 (M + H)+. Anal Calcd. for C15H7N3O4: C, 

61.44; H, 2.41; N, 14.33; O, 21.82; Found: C, 61.42; H, 2.42; Br, 24.43; N, 8.53; O, 9.78. 

8-Fluoro-indolo[2,1-b]quinazoline-6,12-dione (TR04): 

Yellow solid; Yield 82.6%; mp 271-272 °C; 1H NMR (DMSO-d6): H 7.44-7.51(m, 2H, J = 

8.0Hz), 7.63-7.75(m, 3H), 7.98-8.05(q, 2H, J = 7.5Hz); 13C NMR (DMSO-d6): C. 187.4, 

164.5, 160.6, 151.7, 145.5, 141.8, 133.4, 127.3, 126.7, 126.6, 123.7, 121.5, 120.8, 119.3, 112.6. 

ESI-MS m/z 267 (M + H)+. Anal Calcd. for C15H7FN2O2: C, 67.67; H, 2.65; F, 7.14; N, 10.52; 

O, 12.02; Found: C, 67.65; H, 2.64; F, 7.15; N, 10.51; O, 12.01. 

2-Chloro-8-Fluoro-indolo[2,1-b]quinazoline-6,12-dione (TR05): 

Yellow solid; Yield 61.3%; mp 278-279 °C; 1H NMR (DMSO-d6): H 7.44-7.51(m, 3H, J = 

8.0Hz), 7.75(d, 1H), 7.94-7.99(t, 2H, J = 7.5Hz); 13C NMR (DMSO-d6): C. 187.4, 164.5, 

160.6, 151.7, 143.6, 141.8, 133.5, 132.9, 127.7, 127.7, 123.7, 122.2, 121.5, 119.3, 112.6. ESI-

MS m/z 301 (M + H)+. Anal Calcd. for C15H6ClFN2O2: C, 59.92; H, 2.01; Cl, 11.79; F, 6.32; 

N, 9.32; O, 10.64; Found: C, 59.95; H, 2.02; Cl, 11.78; F, 6.31; N, 8.53; O, 9.78. 
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2-Bromo-8-Fluoro-indolo[2,1-b]quinazoline-6,12-dione (TR06): 

Yellow solid; Yield 67%; mp 281-282 °C; 1H NMR (DMSO-d6): H 7.44-7.51(m, 2H, J = 

8.0Hz), 7.67(d, 1H), 7.45-8.02(q, 3H, J = 8.0Hz), 8.22(d, 1H, J = 7.5Hz); 13C NMR (DMSO-

d6): C. 187.4, 164.5, 160.6, 151.7, 144.5, 141.8, 136.3, 132.3, 124.6, 123.7, 123.0, 121.7, 

121.5, 119.3, 112.6. ESI-MS m/z 346 (M + H)+. Anal Calcd. for C15H6BrFN2O2: C, 52.20; H, 

1.75; Br, 23.15; F, 5.50; N, 8.12; O, 9.27; Found: C, 52.18; H, 1.73; Br, 23.16; F, 5.51; N, 8.13; 

O, 9.28. 

8-Chloro-indolo[2,1-b]quinazoline-6,12-dione (TR07): 

Brown solid; Yield 63%; mp 287-288 °C; 1H NMR (DMSO-d6): H 7.62-7.80(m, 5H, J = 

7.5Hz), 7.96(d, 1H), 8.05(d, 1H, J = 7.5Hz); 13C NMR (DMSO-d6): C. 187.4, 160.6, 151.7, 

145.5, 144.3, 138.2, 134.8, 133.4, 127.3, 126.9, 126.7,126.6, 124.7, 120.8, 119.1.ESI-MS m/z 

283 (M + H)+. Anal Calcd. for C15H7ClN2O2: C, 63.73; H, 2.50; Cl, 12.54; N, 9.91; O, 11.32; 

Found: C, 63.71; H, 2.51; Cl, 12.55; N, 9.93; O, 9.77. 

2,8-Dichloro-indolo[2,1-b]quinazoline-6,12-dione (TR08): 

Yellow solid; Yield 72%; mp 288-289 °C; 1H NMR (DMSO-d6): H 7.45(d, 1H, J = 7.5Hz), 

7.73-7.80(q, 3H), 7.95(d, 2H, J = 7.5Hz); 13C NMR (DMSO-d6): C. 187.4, 160.6, 151.7, 

144.3, 143.6, 138.2, 134.8, 133.5, 132.9, 127.7, 127.7, 126.9, 124.7, 122.2, 119.1. ESI-MS m/z 

318 (M + H)+. Anal Calcd. for C15H6Cl2N2O2: C, 56.81; H, 1.19; Cl, 22.36; N, 8.83; O, 10.09; 

Found: C, 56.78; H, 1.18; Cl, 22.38; N, 8.84; O, 10.10. 

2-Bromo-8-Chloro-indolo[2,1-b]quinazoline-6,12-dione (TR09): 

Pale yellow solid; Yield 42.9%; mp 283-284 °C; 1H NMR (DMSO-d6): H 7.65(d, 1H, J = 

7.5Hz), 7.74-7.80(q, 2H), 7.94-8.03(m, 2H, J = 7.5Hz), 8.23(s, 1H); 13C NMR (DMSO-d6): 

C. 187.4, 160.6, 151.7, 144.5, 144.3, 138.2, 136.3, 134.8, 132.3, 126.9, 124.7, 124.6, 123.0, 
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121.7, 119.1.ESI-MS m/z 362 (M + H)+. Anal Calcd. for C15H6BrClN2O2: C, 49.83; H, 1.67; 

Br, 22.10; Cl, 9.81; N, 7.75; O, 8.85; Found: C, 49.81; H, 1.65; Br, 22.12; Cl, 9.82; N, 7.74; O, 

8.87 

8-Bromo-indolo[2,1-b]quinazoline-6,12-dione (TR10): 

Brown solid; Yield 48.6%; mp 276-277 °C; 1H NMR (DMSO-d6): H 7.62-7.70(m, 3H, J = 

7.5Hz), 7.85-7.89(q, 2H), 8.03-8.08(t, 2H, J = 7.5Hz); 13C NMR (DMSO-d6): C. 187.4, 160.6, 

151.7, 145.5, 145.2, 137.6, 133.6, 133.4, 127.3, 126.7, 126.6, 124.3, 120.8, 119.9, 119.2. ESI-

MS m/z 326 (M + H)+. Anal Calcd. for C15H7BrN2O2: C, 55.07; H, 2.16; Br, 24.43; N, 8.56; 

O, 9.78; Found: C, 55.04; H, 2.15; Br, 24.45; N, 8.57; O, 9.79. 

2-Chloro-8-Bromo-indolo[2,1-b]quinazoline-6,12-dione (TR11): 

Yellow solid; Yield 48%; mp 272-273 °C; 1H NMR (DMSO-d6): H 7.45(d, 1H, J = 7.5Hz), 

7.75(d, 1H), 7.85-7.96(m, 3H, J = 7.5Hz), 8.06(d, 1H); 13C NMR (DMSO-d6): C. 187.4, 

160.6, 151.7, 145.2, 143.6, 137.6, 133.6, 133.5, 132.9, 127.7, 127.7, 124.3, 122.2, 119.9, 119.2. 

ESI-MS m/z 362 (M + H)+. Anal Calcd. for C15H6BrClN2O2: C, 49.83; H, 1.67; Br, 22.10; Cl, 

9.81; N, 7.75; O, 8.85; Found: C, 49.80; H, 1.68; Br, 22.09; Cl, 9.82; N, 7.77; O, 8.86. 

2,8-Dibromo-indolo[2,1-b]quinazoline-6,12-dione (TR12): 

Yellow solid; Yield 32%; mp 281-282 °C; 1H NMR (DMSO-d6): H 7.65(d, 1H, J = 7.5Hz), 

7.85-7.90(m, 2H), 8.01-8.07(m, 2H, J = 7.5Hz), 8.22(d, 1H); 13C NMR (DMSO-d6): C. 187.4, 

160.6, 151.7, 145.2, 144.5, 137.6, 136.3, 133.6, 132.3, 124.6, 124.3, 123.0, 121.7, 119.9, 119.2. 

ESI-MS m/z 407 (M + H)+. Anal Calcd. for C15H6Br2N2O2: C, 44.37; H, 1.49; Br, 39.36; N, 

6.90; O, 7.88; Found: C, 44.34; H, 1.48; Br, 39.38; N, 6.91; O, 7.89. 
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8-Methyl-indolo[2,1-b]quinazoline-6,12-dione (TR13): 

Yellow solid; Yield 52.2%; mp 270-271 °C; 1H NMR (DMSO-d6): H 2.35(s, 1H, J = 7.5Hz), 

7.48(d, 1H), 7.57-7.71(m, 4H), 7.87(d, 1H, J = 7.5Hz), 8.02(d, 1H); 13C NMR (DMSO-d6): 

C. 187.4, 160.6, 151.7, 145.5, 143.2, 137.4, 135.0, 133.4, 127.3, 126.7, 126.6, 124.0, 122.0, 

120.8, 117.6, 21.3. ESI-MS m/z 263 (M + H)+. Anal Calcd. for C16H10N2O2: C, 73.27; H, 3.84; 

N, 10.68; O, 12.20; Found: C, 73.29; H, 3.83; N, 10.66; O, 7.92
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