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Introduction
During a decade and a half, a worldwide concept of High Burden 

Country (HBC) has gained a recognized position in the different 
documented context of Tb produced till date. In 2015, after the TB 
strategy modification and upgradation process by WHO, a new three 
HBC list has been defined to be used for the period of 2016-2020 
enlisting 85-89% of the global burden and category details of each 
country. In this list, 14 countries have been mentioned to be the most 
prone zone of TB with increasing case and recurrence of TB with other 
additional health risk.1 With the time, the TB cases are getting more 
complicated associating other diseases as well like HIV, MDR etc. The 
causative organism is a facultative one well known, Mycobacterium 
tuberculosis now with different modified virulent strains. TB mostly 
affects adults in their productive year besides; children can get affected 
at early stage of age 0-14 years also leading to drastic cases if not 
treated at time. Over 95% cases are of developing countries. In 2015 
the largest amount of TB cases reported from Asia with 61% of new 
cases followed by Africa with 26%. Very common symptoms of TB are 
the cough with sputum and blood at times, besides, chest pain, weight 
loss, fever and night sweats.1-4 In 2010 WHO first recommended the 
use of rapid test Xpert MTB/RIF® which simultaneously detects TB 

and resistance to rifampicin which is one of the first line drugs for the 
tuberculosis treatment. In 2016, four new diagnostic tests had been 
recommended by WHO, i.e., a rapid molecular test to detect TB where 
Xpert MTB/RIF® cannot be used and other three to detect resistance 
to first and second line TB medicines, like, Beacon assay (use ultra-
sensitive PCR technique for M. tuberculosis complex and rifampicin 
resistance), the GeneXpertTB assay (automated assay process), 
molecular line probe assay (use PCR and revised hybridization 
process for rapid detection of mutation associate with drug resistance, 
Isoniazid and Rifampicin).2,5 Newly introduced other detections are, 
loop mediated isothermal application (TB-LAMP) for pulmonary 
tuberculosis diagnose and lateral flow urine lipoarabinomannam assay 
(LF-LAM) for diagnose and screening of active tuberculosis patients 
with HIV.5

Depending on the zone the treatment regimen for each country has 
some specific regimen which is being followed in that specific country 
and zone as all the countries have their own margin of condition. 
Here, the standard regimen recommended by WHO in 1997 for the 
tuberculosis treatment which is only modified in complex cases which 
has been later discussed, is as follows.
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Abstract

Although decades of worship bring a light of new chemical classes and moieties for the 
treatment of tuberculosis and still running to enlighten more possible ways to withstand 
and draw a full stop to the condition, the standard reports of tuberculosis enlisting cases are 
still on the increment side rather to declining state. Since 90s the regimen of anti-TB drugs 
is well established but now it is under red alters concern as the drugs are resistant to the 
causative bacilli, M. tuberculosis, endangering mostly the developing countries and disease 
prone areas of the world. With the motivation of new drug approved for the disease, the 
moieties in the pipe line for the consideration of being a successful drug, the review also 
concerns about possible new classes for lead optimization process along with repurposed 
drugs trial.
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Treatment Category Clinical Condition 

TB regimen 

Intensive 
Phase

Continuous 
Phase

Category I

•	 New (untreated) smear positive pulmonary 
TB.

•	 New smear negative pulmonary TB with 
extensive parenchymal involvement.

•	 New cases of severe forms of extra 
pulmonary TB.

2H3R3Z3E3 / S3 4H3R3

Category II
•	 Smear positive relapse.
•	 Smear positive treatment failure.
•	 Interrupted treatment cases.

2H3R3Z3E3S3 + 
1H3R3Z3E3

5H3R3E3

Category III
Smear negative pulmonary TB with limited 
parenchymal involvement or less form of extra 
pulmonary Tb.

2H3R3Z3 4H3R3

Where, H, isoniazid; R, rifampicin; Z, pyrazinamide; E, ethambutol; S, streptomycin
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Next comes another threat that is, HIV patients, who are 20-30 
times more susceptible to develop active TB disease causing a lethal 
condition ensuring each other’s aggressive progression and one third 
of the HIV patients worldwide has been reported with TB as well, in 
the enlisting of TB cases by WHO in 2015. About 35% death among 
HIV positive people were out of TB condition and about 1.2 million 
new cases of TB has been reported with HIV positive cases among 
which 71% cases are from African region.1-3,6,7 The worst condition 
of tuberculosis is the multi-drug resistant tuberculosis (MDR-TB) in 
which the bacteria doesn’t respond to Isoniazid and Rifampicin, the 
two most important first line drug of the regimen so it can only be 
treated with second line drug and extensive chemotheraphy which are 
expensive and highly toxic. Besides these, extensively drug resistant 
TB (XRD-TB) is a more critical condition in which the bacilli 
become resistant to the second line drugs as well leaving no option of 
treatment. About 480000 people worldwide have enlisted as MDR TB 
patient in 2015, and about 9.5% of these are XRD TB in the report of 
the WHO. In 2016, WHO approved a new drug regimen for the MDR 
TB condition which doesn’t involve the strains of the bacilli resistant 
to second line drugs taken 9-12 months which taken up to 2 years. But 
XRD TB patients cannot use these; however, they are required to take 
longer MDR TB regimens to which one new drug, i.e., Bedaquiline (i) 
and Delamanid (ii), may be added in Figure 1.1,3,4,7

Figure 1 Chemical structure of Bedaquiline and Delamanid.

Discussion
With time the burden condition need to be reduced to reach 

nullification point of TB patient worldwide which is the prime aim 
of WHO for these session, the keen effort put to light on the present 
situation and future possible prospective to achieve this thoughtful 
objective. 

New drugs approved

Bedaquiline: In 2012, 28th of December, US FDA granted the 
approval of Johnson and Jhonson’s drug bedaquiline formerly known 
as TM207 or R207910 for treating resistant cases prevalently in India, 
China and Eastern Europe. The diarylquinoloine classed moiety 
hinders the proton pump of mycobacterial Adenosine Triphosphate 
(ATP) synthase enzyme, which is a crucial enzyme for ATP synthesis 
of the bacilli. The moiety targets the oligomeric and proteolipic subunit 
C of the enzyme leading to the cease of ATP synthesis subsequently 
death of the targeted cell. Besides these another approach for its mode 
of action has been depicted, i.e., it also binds to the epsilon subunit 
of the F0F1 ATP synthase of the bacilli. The best eye streaming thing 
is this drug is equipotent to replicating and dormant phase of the M. 
Tuberculosis bacilli8-21 Figure 2.

Delamanid: With the requirement of critical condition management, 
though having a chance of resistant but not in sense prompt 

adaptation, due to the prodrug nature of the moeity, it has received 
the global approval for use in combination with an optimized 
background anti-TB regimen for MDR-TB in the EU and also is 
under review for marketing approval in Japan for same indication, 
in 2014, 28th of April, developed by Otsuku company. Chemically 
it is a nitro-dihydro-imidazooxazole which requires nitro-reduction 
intra-cellularly by F420-deazaflavin-dependent nitro-reductase present 
in M. tuberculosis, to produce the des-nitro-imidazooxazole form 
which is the active form, brings hindrance to the synthesis of methoxy 
mycolic and ketomycolic acid, the essential cell wall components of 
the targeted causative microbe. Besides, it is also being reported that 
a reactive intermediate metabolite formed between delamanid and 
des-nitro-imidazooxazole derivative plays a vital role in the inhibition 
of mycolic acid production of the cell. It has explicit documentation 
for having potent Invitro and invivo activity against both drug 
susceptibility and drug resistant strains of the bacilli with the plus 
advantage of no cross resistance and antagonist effect with the first 
line drugs. It also promotes intracellular generation of microbiocidal 
nitrogen oxidative intermediates including nitric oxides (NO) which 
can be the predominant encounter of the dormant condition as well.22-

34

Figure 2 Current pipeline of compounds for drug establishment as Anti-TB 
agent.

[Details of the project can be found at http://www.
newtbdrugs.org/pipeline/clinical and ongoing projects 
without a lead compound series identified can be viewed at 
http://www.newtbdrugs.org/pipeline/discovery]

Currently using classes for lead optimization and 
precilinc trial

Nitroimidazole (Figure 3a): This class of drug has been explored 
to a great and has contributed to new era anti-TB drug, delamanid 
which is indicated for multi-drug resistance tuberculosis by WHO 
in 2014. Besides this another molecule known as PA-824 also called 
Proteomanid is under clinical trial phase three. The activity of the 
molecule is restricted to the complex situation as well there is a 
number of laboratory mutants have shown resistant to it in which the 
ability of producing F420 cofactor is lost and the drug remains inactive 
in the cell. Metronidazole which is a marketed product with other 
indication was under investigation but due to high dose leading to 
severe high rates of peripheral neuropathy occurrence so it is put out 
of the plot.35-38

Ethylene-diamine (Figure 3b): Ethambutol of the standard anti-TB 
regimen is an ethylene-diamine class drug but in the real scenario 
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it is considered to be a weak one among the total drug combination 
so a better potent moiety is being searched over and SQ109 gets its 
way to real molecular world but its long term trial hasn’t assured its 
destined anti-TB efficacy so still not a drug. SQ109 hinders the action 
of MmpL3, an essential membrane protein which transport trehalose 
monomycolate into the cell envelope. So it inhibits genesis of mycolic 
acid of cell wall instead of inhibiting arabinosyl transferase which is 
the prime action ethumbutol.39-42

Benzothaizinones (Figure 3c): This class of chemical moieties has 
been reported to be potent at nanomolar level concentration in vitro 
and ex-vivo condition and so considered to be one of the most critical 
molecular spatial belonging from the pipeline of TB drug discovery. 
BTZ043 is a potent candidate of the chemical class and active 
against drug susceptibility, MDR and XDR cases of the disease. The 
mode of action for the class is inhibition of decaprenyl-phosphoryl-
beta-D-ribose 2’-epimerase (DprE1) enzyme which catalyzes the 
conversion of decaprenyl-phosphoryl-D-ribose to decaprenyl-
phosphoryl-D-arabinose, the uttermost important arabino precursor 
for the synthesis of essential cell wall components, arabinogalactan 
and lipoarabinomannan in turn causes the hindrance the cell wall 
synthesis leading to bacterial mortality. BTZ043 undergoes nitro-
reduction in physiological environment and inhibits DprE1 enzyme 
covalently through a cysteine residue of the active site. Advantage 
of this molecule is it doesn’t have shown any antagonist action to the 
other drugs of the anti-TB regimen and as well with some molecules 
under the trials like, PA-824, SQ109.43-48

Oxazolidinedione (Figure 3d): Linezolid is well known drug of this 
category molecular entity but on potency and safety concern a better 
molecule sutezolid also referred as PNU-100480 is the pipeline drug 
of anti-TB drug challenge as linezolid on long term use is associated 
with neuropathy and myelo-suppression. On the contrary sutezolid 
doesn’t cause such effect and bactericidal effect is twice. The prime 
encounter mode of the chemical entity is through the protein synthesis 
inhibition of the bacilli. Another potent compound of this class, also 
have come on the timeline with the research investigation effort, is 
AZD5847 which is highly effective in intracellular bacilli as well as 
extracellular cells to that of linezolid without showing antagonism 
effect to the anti-TB regimen dugs which indicates to the development 
of the moiety, which has specific protein synthesis hindrance activity 
as the prior mechanism for anti-TB effect.49-57

Figure 3 Basic chemical structure of the lead optimizing classes (pipeline 
classes).

Newly synthesized compounds for lead determination

N1-nicotinoyl-3-(4’-hydroxy-3’-methyl phenyl)-5-[(sub) phenyl]-
2-pyrazolines (Figure 4a): A series of compounds of this class has 
been reported and were screened for the anti-TB activity among them 
40% compound has shown MIC <1µM and found to be more potent 
than the standard drugs.58

Thiazolylhydrazone derivatives (Figure 4b): All the synthesized 
compounds of the series was highly potent with the ability of more 
than 90% hindrance to the growth of the bacilli along with least or 
none cytotoxicity has been reported within the range of MIC (MIC > 
6.25µg/ml).59

Figure 4 Basic chemical structure of N1-nicotinoyl-3-(4’-hydroxy-3’-methyl 
phenyl)-5-[(sub) phenyl]-2-pyrazolines (a) and Thiazolylhydrazone derivatives 
(b).

4-Benzylsulfanylpyridine-2-carbohydrazides (Figure 5a): The 
pyridine-2-carbohydrazides derivatives of 4-Benzylsulfanyl has been 
synthesized in a series and the results reflects significant potential of 
the compounds to hinder the growth of M. avium and M. kansassi My 
235/80 which are isoniazid resistant with low values MIC in µmol/L 
unit with the advantage of less anti-proliferative and cytotoxic effect.60

Benzothiazolo naphthyridone carboxylic acid derivatives 
(Figure 5b): The newly substituted derivatives of Benzothiazolo 
naphthyridone proclaims to be more active than isoniazid (first line 
and primary drug) and Gatifloxacin (second line drug) as well as it is 
potent for the MDR-TB condition as well in the MIC value range of 
0.04 to 6.06µM which urges for a more attention towards this series 
development.61

Figure 5 Basic chemical structure of 4-Benzylsulfanylpyridine-2-
carbohydrazides (a) and Benzothiazolo naphthyridone carboxylic acid 
derivatives (b).

5-nitrothiazolylthiosemicarbazones (Figure 6a): The sensible 
versatile approach towards the semicarbazone derivative synthesis has 
bought to a conclusion that all the compound of this synthetic series 
screened against seven Mycobacterium species (M. tuberculosis, 
M. smegmatis ATCC14468, M. microti MTCC1727, M. vaccae 
MTCC997, M. phlei MTCC1724, M. fortuitum MTCC951, M. 
kansassi MTCC3058) shows moderate to high potency than INH with 
less cytotoxicity report with less MIC value range for each condition 
and argues for the development of the series and brings in lime of lead 
optimization step.62
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5-(aryl/cyclohexylsulfanyl)-2-alkoxy-4,6-diarylnicotinonitriles 
(Figure 6b): The synthesized new variants of nicotinonitriles has been 
indicated for the potency more than pyrazinamide (first line drug) 
and ethumbutol (second line drug) with less potency than isoniazid 
against M. tuberculosis strain.63

Figure 6 Basic chemical structure of 5-nitrothiazolylthiosemicarbazones (a) 
and 5-(aryl/cyclohexylsulfanyl)-2-alkoxy-4,6-diarylnicotinonitriles (b).

Isoniazid analogues (Figure 7a): A series of compounds are produced 
for the evaluation which reflects more potent compound development 
with less MIC values (MIC<10µM) with a range of compounds which 
proclaims for research lime light fall.64

Isoniazid derivatives from renewable fatty acid (Figure 7b): in 
the structure of the conventional proto anti-TB drug both saturated 
and unsaturated fatty acid chains has been incorporated resulting in 
improvement in antimicrobial activity with appreciable MIC values. 
Compound, produced from palmitic acid, could a turning point for the 
new antibiotic era is being reported.65

Figure 7 Basic chemical structure of Isoniazid analogues (a) and Isoniazid 
derivatives from renewable fatty acid (b).

2,4-diaminoquinazoline derivatives (Figure 8 & 9): this versatile 
series has an attention drawing microbiological profile with 
bactericidal activity against replicating and non-replicating M. 
tuberculosis encouraging for the development of the series for 
bacterial viability.66

Repurposed drugs

Already present antibiotic drug moieties in the market but 
indicated primarily for different disease is now being under the 
consideration for TB drug development process.67,68 Linezolid (Figure 
10a) was trialed for many years as an anti-TB drug molecule but 
now for the toxicity profile and low safety measures, it has been on 
hold and the other moieties of same class under being considered for 
studies.67 Meropenem (Figure 10b) which is a carbapenem antibiotic 
indicated for bacterial disease presently, has been reported for having 
a promising potential and safety profile of acceptable limits in a case 

control study of tuberculosis.69 Co-trimoxazole (Figure 10c) which is 
an antibiotic of early stage antibiotic era has been reported for potent 
activity in multi-drug resistant tuberculosis treatment.70 Moxifloxacin 
(Figure 10d) which has shown an appreciable activity along with other 
standard anti-TB drug can be a potent component in the regimen for 
drug sensitive tuberculosis for its safety profile and no intractability 
measures.71 Nextly, one is the NSAID class compounds which are 
magical and wonder drugs are being evaluated and found to be potent 
anti-TB active, specifically,carprofen (Figure 10e) has shown the 
least MIC values. The efficacy, safety, toxicity and acceptability have 
reviewed on the animal models which conclude to potentially useful 
for alleviating the symptoms of TB.72

Figure 8 Basic chemical structure of 2,4-diaminoquinazoline derivatives.

Figure 9 Symbol details used to specify atomic structures in the molecular 
system.

Figure 10 Chemical structure of the repurposed drugs for tuberculosis 
treatment.
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Conclusion
Former discussion already has cleared the efforts are being 

done by different scientists and researchers to find a new time line 
compounds or a group of compounds with advantages of using in a 
proper delivery means in single or combination form to establish a 
new regimen for the cure of present complex conditioned tuberculosis 
cases. It will be better approach if a group of drugs of different classes 
with different potential biological activity without inter-interactivity 
or affect the dosing of each other in in-vivo condition should be the 
next approach for the cure, treatment and maintenance for the disease. 
The mechanism of action of the new drugs should be on those bio 
molecular structures which don’t have alternative pathways easily but 
not present in human body cells as well but crucial for the bacteria to 
survive and also defines the bacteria to be the characteristic cell. Those 
protein structures should be the target site for the drug molecules. 
Besides another attempt should be made on the molecules which are 
already present as bactericidal should be checked for their activity 
on the M. tuberculosis, there resides a possibility that may some 
molecule has capacity to interact in different way from the reported 
and known ways. All these means should be fettered in a productive 
fledge to explicate a way to the treatment for decades.
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