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ABSTRACT: Tuberculosis remains a challenge globally affecting the health 

of several individuals globally. The emergence of drug resistant tuberculosis 

has further increased the threat. Despite having several drugs available the 

peril of the mycobacterium continues to loom. Across the globe several 

scientists are putting in efforts to come up with newer drugs with novel 

mechanism of action and belonging to several old as well as newer chemical 

classes. This review article delves in detail on each of the newer drugs 

discovered for the treatment and control of the disease. It begins with 

highlighting the progress of the diseases and its treatment over the years and 

then probes in-depth into the novel molecules of drugs discovered for the 

same. This article thus is a concise landscape which underlines the need of 

novel drug molecules and further highlights the potential of these newer 

drugs to combat tuberculosis by controlling the spread, shortening its 

treatment period, and making the treatment affordable to all. 

INTRODUCTION: For time immemorial now we 

have been knowing that tuberculosis has been into 

existence. The excavations done at sites in Egypt 

and Nubia indicate that tuberculosis is older than 

humans itself. Earlier the disease was known as 

―phthisis‖ and was hereditary and non-contagious. 

It was only during the early 18
th

 century when the 

industrial development was at boom that the 

numbers of people suffering from tuberculosis 

reached epidemic levels making it the most 

common cause of death. In the year 2021 India 

reported a whooping 210 per lakh population cases 

of tuberculosis and about 80,000 people lost their 

lives to this deadly infectious disease and 

worldwide 10.6 million people fell ill to TB and 1.4 

million of them succumbed to it.  
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This is in spite of the constant research being done 

for newer anti-tubercular drugs. Thus, we may say 

the disease is still a menace for the human kind 
1, 2

. 

Etiology agent and Pathogenesis: The 

mycobacterial species include a plethora of 

microorganisms some of which cause different 

types of diseases in humans. These include 

Mycobacterium tuberculosis (M. tuberculosis), M. 

bovis, M. africanum, M. microti, M. caprae, M. 

pinnipedii, M. canetti and M. mungi. Amongst 

which M.tuberculosis is the causative agent of 

tuberculosis which is also known as tubercle 

bacilli. In 1882 Robert Koch was successful in 

isolating the bacilli in pure culture. The bacilli are 

extremely slow growing which is curved in shape 

protected with a unique complex cell wall. Lipid 

complexes like mycolic acids, peptidoglycan or 

peptidoglycolipids, long chain fatty acids imparting 

acid fast staining character to the bacilli, 

sulpholipids, cord factor make the cell wall 

extremely sturdy and also impart a curved shape to 

the bacilli. The bacilli are resistant to dehydration 

the bacilli are aerobic, non-motile non-sporing 
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microorganism which take 3-6 weeks to grow at 

35°C which can be stained with ZN (Ziehl Neelsen) 

stain 
3
. This bacillus causes an airborne infection 

which spreads when a healthy person inhales the 

droplet nuclei which contains the tubercle bacilli. 

These bacilli then get inside the alveoli and further 

get swallowed by the macrophages which have the 

capability to destroy them. Either the bacilli 

multiply intracellularly which get released when 

the macrophages die, or the bacilli can get killed or 

destroyed by the macrophages.  

The human body on being attacked by the bacilli 

produces Th1 lymphocytes and macrophages which 

have bactericidal activity. These cells generate 

reactive oxygen and nitrogen along with promoting 

migration of immune cells at infection site and this 

then leads to formation of a granuloma. The main 

aim of macrophages as mentioned previously is to 

eradicate bacilli. However, at times the bacilli grow 

inside the macrophage, bursts open and further 

infects other macrophages. At times when the 

immune system of the individual is strong the 

bacilli grow inside the system for years without the 

host showing any symptoms and when the immune 

system weakens the bacilli multiplication and 

growth is reactivated. When immuno-compromised 

patients were observed it was seen that the process 

of granuloma formation fails to control the growth 

and there is increase in the number of bacteria seen 

thus spreading and aggravating the infection. The 

cell wall of the bacilli also contains another lipid 

Phthiocerol dimycocerosate which is responsible 

for TB pathogenesis in lungs. The lipid can alter 

the physicochemical properties of the host cell 

membrane facilitating phagocytosis 
4, 5

.  

Epidemiology: Estimates show that around two 

billion people are infected with the tubercle bacilli 

(MTb) latently every year and out of these 10% 

cases become active on weakening of the immune 

system. In the year 2014-15 the UN and the WHO 

designed and adapted a strategy to end the TB 

epidemic aiming first at decreasing the incidences 

of tuberculosis by 20% and the next target was to 

reduce or decrease the number of deaths occurring 

by 35% in the year 2020 when as compared to the 

base line of deaths which occurred in 2014-15. The 

most recent Global Tuberculosis Report of 2021 

has shown an increase in the number of cases of 

tuberculosis. As per the 2017 studies of WHO two-

third of the world’s population is infected or 

suffering from latent tuberculosis who will start 

exhibiting symptoms like persistent cough for more 

than three weeks, infection to the larynx and 

respiratory tract, fever, associated with weight loss. 

Further the infection is seen in the chest radiograph 

as well. Inclusive of infecting the pulmonary site 

the bacilli have the capability to infect extra 

pulmonary sites as well like the bones, joints, 

kidneys, and brain as well 
6, 7

.  

One of the leading causes of death in the late 18
th

 

and early 19
th

 century was tuberculosis. The initial 

drugs discovered were para-Amino salicylic acid in 

1945, followed by Isoniazid in 1952 which were 

inexpensive, safe, and effective. In 1960s 

Ethambutol was discovered which was a better 

anti-TB drug much better tolerated than p-Amino 

salicylic acid. The discovery of Rifampin was a 

turning point in the treatment of tuberculosis in the 

1970s followed by discovery of Pyrizinamide and 

newer latest drugs Bedaquiline and Delamanid. 

These discoveries made the tuberculosis situation 

look winnable causing a decreased attention 

towards public health and sanitation, irregularity in 

drug dosage compliance all this leading to the 

development of multi resistant tuberculosis (MDR-

TB) and extensive drug resistant tuberculosis 

(XDR-TB). The main target in health sector the UN 

desires to achieve is to end the Tuberculosis 

epidemic by 2030 however a grave man-made 

problem in the treatment regimen of tuberculosis is 

leading to MDR-TB and XDR-TB.  

Unprecedented use of first line drugs, poor clinical 

practices, using these drugs as monotherapy are a 

sure shot formula for leading a patient to multidrug 

resistant tuberculosis or MDR-TB. Worldwide over 

5,00,000 cases get reported yearly and when these 

are mishandled followed by erratic use of second-

line drug treatment leads to XDR-TB worldwide 

statistics show reporting of over 35,000 cases 

yearly of XDR-TB. Identifying that the patient has 

MDR-TB and XDR-TB is imperative and crucial 

steppingstone. For this the patient’s medical history 

his previous drug regimen for tuberculosis 

treatment, drug intolerance if any all these details 

need to meticulously be noted down so that specific 

drug resistance can be identified and such a drug 

can be excluded from the new drug regimen. Along 

with these radiological studies of the lungs can 
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supplement and fortify the findings. It’s a challenge 

to treat MDR-TB and XDR-TB which should be 

carried out under expert medical supervision and 

should be managed with care. Studies show that the 

control over MDR-TB and XDR-TB requires a 

multi drug regimen i.e., four, six or more drugs 

used in permutation and combination with each 

other but while administering such a regimen we 

need to keep in mind that using such multi 

combination of drugs can lead to high probability 

of developing intolerance in patients and this could 

cause or lead to patient noncompliance 
8-12

.  

Other Associated Complications with 

Tuberculosis: Several associated conditions 

weaken the immune system and make the 

individual prone to contracting tuberculosis. 

Individuals suffering from Crohn’s disease, various 

types of cancer, organ transplants, diabetes 

mellitus, substance abuse and HIV could be some 

of the reason that can cause weakening of the 

immune system further leading to contracting TB 

or if the person is a latent carrier of TB and 

becomes immunocompromised the situation can 

aggravate and the latent TB can turn active. 

Amongst these HIV is one risk factors which has 

proven to be the most important predisposing 

reasons leading to coinfection of TB. The risk of 

developing TB with HIV is 170 times more when 

compared to a non-immunocompromised person. 

The intensity of symptoms and the progress of the 

TB infection is dependent on the status of 

immunity of the individual, with decrease in the 

individuals immunocompetency there is increase in 

the intensity of the symptoms of TB and the 

progress of the disease is also rapid. The depletion 

of CD4+ cells, T cells is rapid along with increase 

in the levels of pro inflammatory mediators or 

biomarkers like cytokines, INF-γ, IL-2 and IL-17 
13, 14

. 

Treatment of Tuberculosis: A lingering threat 

that always exists for controlling TB is the 

development of multidrug resistant tuberculosis. 

Presently the line of tuberculosis treatment has four 

main drugs used to treat tuberculosis namely, 

Isoniazid, Rifampicin, Ethambutol and 

Pyrizinamide. The drug regimen has shown 95% of 

efficacy in controlling the spread of the disease in 

the individual patients, however it makes the whole 

process cumbersome as the treatment regimen is 

very prolonged. The patients face problems of 

compliance and toxicity wing to prolonged duration 

of treatment.  Situations pertaining to tuberculosis 

turned alarming when in 2014 the number of deaths 

caused due to tuberculosis surpassed the total 

number of deaths due to HIV worldwide. The first 

line of treatment which is lengthy cumbersome and 

unforgiving includes drugs discovered majorly 

between the 1950s and 1970s.  When in the late 

21
st
 century MDR TB kicked in the striain of the 

bacilli had turned resistant to Isoniazid and 

Rifampicin same time XDR TB was discovered 

whose patients are resistant to Fluroquinolones. 

With the advent and progress in the discovery of 

drugs molecules like Kanamycin, Levofloxacin, 

Cycolserine Capreomycin, Moxifloxacin, 

Clofazimine, Linezolid etc for the treatment and 

damage control of MDR and XDR TB is seen 
13-19

.  

Recent Molecules Evaluated for Tuberculosis: 

Even after 140 years of discovery by Robert Koch 

to stain the tubercular bacilli, tuberculosis 

continues to be a challenge persistently. The 

discovery of several drug molecules to treat the 

disease in the early 1940s gave only a temporary 

relief however at the advent of the 20
th

 century the 

disease emerged more fiercely in the form of XDR-

TB and MDR-TB. Nevertheless, the progress in 

knowledge about the bacilli, improvised 

biochemical knowledge and know-how of 

medicinal chemistry has led onto a pathway of 

discovering newer drug entities and molecules’ 

which can aid our war to combat the bacilli. Use of 

the knowledge of bioinformatics, genetic tools, 

screening of libraries of several compounds, 

identification of several potential targets has 

provided us with potentially active compounds 

which have given us a ray of hope of discovering 

several newer drugs.  

Even the mechanisms’ of discovering and 

identifying newer drugs, their probable mechanism 

of actions, different assays to evaluate the drug 

potency has led to discovery of several drug 

molecules’. Newer assays like Luminescence based 

low oxygen assay (LORA), Reza zurin microtiter 

assay (REMA), bioassay guided evaluation of 

natural compounds are a few methods to name 

which have aided and catered in the development 

and discovery of newer drug molecules 
20, 21

.  
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Streptomycin: Isolated from Streptomyces griseus 

which is a bacterium the structure of the 

streptomycin drug shows presence of a triacidic 

base with an aldose sugar, a hydrophilic drug 

which is water soluble the high basic nature of the 

drug is attributed to the presence of two guanidino 

groups present on streptidine and imparting a 

strong basic nature to the drug. The discovery of 

this drug has enabled the treatment of several 

infectious diseases, including tuberculosis (TB). 

The drug is effective against both gram positive 

and gram-negative bacteria hence is titled as a 

broad-spectrum antibiotic. Belonging to the class of 

aminoglycoside antibiotics the drug acts as a 

protein synthesis inhibitor exerting its mechanism 

of action by binding irreversibly to a small unit i.e., 

the 16S rRNA present in the 30S ribosomal sub 

unit, interfering with the activity of the formyl 

methionyl tRNA which leads to codon misreading 

further inhibiting protein synthesis and ultimately 

causing cell death of the mycobacteria. At the 30S 

ribosomal sub unit the drug specifically binds with 

the Lysine 42 and lysine 87 along with faulty 

biosynthesis of fatty acids and lipids. This is 

followed by causing leakage of K+ ions along with 

amino acids, nucleotides, oligonucleotides, and 

other proteins 
20-22

.  

 
FIG. 1: STREPTOMYCIN 

At lower concentrations the drug shows 

bacteriostatic effect and has broad spectrum of 

activity as it is effective on gram positive and 

gram-negative bacteria. The drug is a second 

choice of treatment after the R.I.P.E. combination 

(Rifampicin, Isoniazid, Pyrizinamide, Ethambutol) 

therapy. Due to its poor absorption in the GI tract 

the drug is administered parentally. The drug is 

contra indicated in patients with myasthenia gravis 

and other neuromuscular disorders and it has the 

common side effects like vertigo, vomiting, fever, 

and rash along with ear and kidney toxicity. Inspite 

of the drug having such promising anti-tubercular 

action the emergence of resistance to the drug has 

raised concerns. The excessive misuse of the drug, 

inadequate dosing and incomplete treatment course 

has led to resistance development. The 

development of these resistant strains has led to 

significant threat to public threat. The development 

of resistance is due to mutations in genome of M. 

tuberculosis in the genes psL, rrs, and gid which 

stand for codes of enzymes S12 protein, 16S rRNA, 

and the S-adenosyl methionine dependent 7-

methylguanosine methyltransferase, respectively. 

This resistance threat however is not pictured as a 

threat but still has played a key role in leading us to 

the emerging problem of antimicrobial resistant TB 
22-30

.  

Clofazimine: This drug belongs to the class of 

Riminophenazine compounds which was developed 

mainly when a dire need for a newer more efficient 

anti-tubercular drug was anticipated especially as 

an alternative regimen of treatment. Initially the 

drug molecule showed activity on Mycobacterium 

leprae and was ruled out to be useful in 

tuberculosis. However, when the prevalence of 

MDR TB precipitated, the role and use of 

Clofazimine was reevaluated. The drugs mode of 

action involves intracellular redox cycling leading 

to membrane destabilization caused mainly due to 

increase in reactive oxygen species. The drug 

shows synergistic effect when used in combination 

with Pyrazinamide or with Clarithromycin for the 

treatment of tuberculosis. The half-life of the drug 

is found to be approximately 70 days, a long half-

life combined with less cost of the drug are its 

major advantages.  

 
FIG. 2: CLOFAZIMINE 

However, the dose intake needs to be monitored 

when the drug is administered to patients with 

hepatic impairment. Most common adverse side 

effects of the drug seen are orange or brown skin 

pigmentation and discolouration of body fluids and 
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secretions reversal of which may take months or 

years. It may also cause dryness of skin and 

ichthyosis 
31-34

. 

Linezolid: An oxazolidinone antibiotic Linezolid 

was the first from this class of antibiotics to be 

introduced as anti-tubercular drug. Discovered in 

1996 and approve as a safe drug in the year 2000 

by the US FDA. The drug is a bacterial protein 

synthesis inhibitor, it binds to the 30S and the 50S 

ribosomal sub units of the bacteria, leading to 

decrease in length of the bacterial peptide chain, it 

also decreases the translation reaction rate and thus 

exerts its anti-mycobacterial effect on the 

microorganism. Presence of the morpholino group 

on the 1
st
 ring and the fluoride atom on the 2

nd
 ring 

enhances the drug activity. For the drug molecule 

to exert its anti-mycobacterial effect the presence 

of an electron withdrawing aryl group and the 5-S-

configuration is essential for activity.  

Presence of extra substituents on the aromatic ring 

which is present proximally has no effect on the 

drug activity but alters the drug solubility and the 

drugs pharmacokinetic properties. The drug has 

proven to be extremely promising in the treatment 

of multi drug resistant tuberculosis (MDR-TB) as 

well as XDR-TB. Other than being useful in the 

treatment of tuberculosis the drug has several other 

pharmacological uses viz: supressing toxic shock 

syndrome, necrotizing fasciitis, multiple infections 

after neurological surgeries, since the drug 

penetration through the cerebrospinal fluid is good.  

It has proven to be useful in treating ventilator-

associated pneumonia, catheter-related 

bacteraemia, S. aureus caused endocarditis and it is 

also at par with the effect of the drug Vancomycin 

which has been found to be extremely useful in 

treating MRSA infections. The bioavailability of 

the drug on oral administration is 100%, its oral 

absorption is unaffected with the presence of 

antacids, similarly the drug can be safely co-

administered with antibiotic Aztreonam as well as 

gram negative bacteria antibiotics like 

Ciprofloxacin, Gentamycin, Meropenem and 

Ceftazidime.  Linezolid also shows no effect or 

does not hamper the bioavailability and the 

absorption of aminoglycoside antibiotics, 

fluroquinolones, β-lactams, antivirals as well as 

anti-fungal agents. However, precautions are 

advised when Linezolid needs to be combined with 

serotonergic therapeutics 
27-35

.  

 
FIG. 3: LINEZOLID 

Moxifloxacin: Belonging to the class of 

fluoroquinolones the drug Moxifloxacin which is a 

8-methoxy quinolone with a hydrophobic 

diazabicyclononyl ring moiety and S, S-

configuration at the 7
th

 position has shown 

promising in-vitro as well as in-vivo activity 

against Mycobacterium tuberculosis especially in 

cases which have not responded to first line of 

treatment or it has been included as a part of 

treatment for MDR-TB.  

 
FIG. 4: MOXIFLOXACIN 

One of the major concerns of tuberculosis 

treatment is its duration of treatment. The 

mycobacterium being a slow growing organism 

often demands use of anti-tubercular drugs for a 

prolonged duration leading to decreased 

compliance, effect on tolerability, safety issues etc. 

In this regard Moxifloxacin comes in picture as a 

potential drug with the ability to shorten the 

duration of action. Quinolones have always been a 

promising class of anti-TB drugs starting from 

Rifampicin, this class of drugs are better tolerated, 

with improved outcomes and have proven to be 

safe and effective in treatment of MDR TB. The 

drug has shown promising results in the study 

wherein it was administered along with other anti-

tubercular drugs like Pretomanid, Bedaquiline, 

Pyrazinamide, or Rifapentine against MDR-TB. 

This combination although does not shorten the 

duration of treatment but is effective in patients 

who have not responded to first line of drugs. 

Exerting its mycobacterial action by binding to the 
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topoisomerase enzyme-II (DNA gyrase) inhibiting 

the process of replication, translation, transcription. 

Moxifloxacin exerts lethal action by leading to the 

formation of quinolone-gyrase-DNA complex, 

leading to DNA fragmentation and Moxifloxacin 

could kill the mycobacterium which is in dormant 

state as well thus proving as an aid for eradicating 

the disease and preventing relapse
35-37

.  

Bedaquiline:  

 
FIG. 5: BEDAQUILINE 

Bedaquiline is a diarylquinoline class of drug 

which was launched in 2012 and targets a new 

mechanism in the tubercular bacilli i.e., the proton 

pump of the adenosine triphosphate synthase in the 

bacilli. The drug is active against both strains of the 

bacilli the drug-susceptible and drug-resistant 

isolates.  

The treatment of MDR-TB and XDR-TB is 

expensive time consuming and difficult to manage. 

There is no however a study and reference 

available for the use of Bedaquiline along with 

another anti-TB drug Delmanid available as a 

handy solution for treating MDR-TB and XDR-TB. 

The structural studies of the drug show presence of 

a quinolinic heterocyclic nucleus to which is 

attached the alcohol and amine side chains, which 

are responsible for its antimycobacterial activity. 

The structural formula of the drug prominently 

shows two parts namely the hydrophobic part 

which has the group -N(CH3)2 and the H2 

donor/acceptor. The main target of this drug is to 

inhibit the action of ATP synthase enzyme 

responsible for energy metabolism in the 

mycobacteria and the group -N(CH3)2 is 

responsible for this activity. The H2 donor/ 

acceptor group is responsible for providing stability 

to the drug molecule. The drug which has a half-

life of more than 24 hours is active against both 

drug susceptible strains and drug resistant strains. 

The drug is also a promising agent of treatment in 

individuals suffering from HIV/AIDS and co-

infected with tuberculosis and in shortening the 

treatment time of MDR-TB and XDR-TB. The 

efficient antimycobacterial activity of the drug is 

attributed to the diarylquinoline ring and side chain 

at the N, N dimethyl amino terminal along with the 

hydroxyl group and naphthalene moiety. and a 

functionalized lateral chain which contains the 

teritary amine. The enantiopure compound of the 

drug has two adjacent chiral carbon atoms, giving a 

mixture of four isomers and amongst them the 

enantiomer 1R. 2S stereoisomer is more active 

which Bedaquiline 38-44 is. 

Delamanid:  

 
FIG. 6: DELAMANID 

The drug is a dihydro-nitroimidazooxazole 

derivative which received conditional approval for 

the treatment of MDR and XDR-TB. Delamanid, 

and its congener Pretomanid (PA-824), belong to 

the class of bicyclic nitroimidazoles whose initially 

discovery was as anti-cancer agents but precursor 

CGI17341 was serendipitously found to have 

potent bactericidal activity against multidrug 

resistant Mtb.  Delamanid seems to be more active 

than Pretomanid,
 
and the drugs act by inhibiting the 

synthesis of mycolic acids by inducing respiratory 

poisoning. They do so by activating the deazaflavin 

which is a cofactor F420 and is dependent 

on nitroreductase enzyme which converts 

Pretomanid into three primary metabolites. 

Amongst these metabolites the des-nitroimidazole 

(des-nitro) derivative is responsible for generating 

reactive nitrogen species like nitric oxide which 

causes respiratory poisoning, further decreasing 

intracellular ATP levels further interfering with the 

electron flow and ATP homeostasis. The drug also 

acts by inhibiting the synthesis of methoxy-mycolic 

and keto-mycolic acid synthesis essential for the 

cell wall. The drug has shown promising potent 

activity at the MIC values of 0.006 to 0.024 g/mL. 
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Since the drug requires activation by mycobacterial 

F420 depedent nitroreductase enzyme any mutation 

in the five coenzymes of the F420genes fgd, 

Rv3547, fbiA, fbiB, and fbiC can lead to resistance 

development. Thus, we may call Delmanaid drug to 

be a promising anti-tubercular drug particularly to 

treat MDR-TB. The drug when administered orally 

has shown bactericidal property and the clinical 

efficacy of the drug is also reassuring though 

limited, and the drug can be a hopeful addition in 

treating tuberculosis 
43-47

.  

Sutezolid: 

 
FIG. 7: SUTEZOLID 

Sutezolid is an oxazolidinone analogue of linezolid. 

Oxazolidinediones is a class of five membered 

heterocyclic compound which has both oxygen and 

nitrogen atom in the structure with promising broad 

spectrum of pharmacological properties. Sutezolid 

which belongs to this class exists in two metabolite 

forms namely its sulfoxide and sulfone, and both 

the metabolites have exhibited potent in-

vitro antibacterial activity against Mycobacterium 

tuberculosis. The drug has shown better activity 

than linezolid and hence is used in combination 

with first-line and second-line anti-TB drugs thus 

exhibiting promising bactericidal activity and also 

shortening the treatment time. Studies have further 

proved that Sutezolid is active against drug-

susceptible and drug-resistant Mycobacterium 

tuberculosis strains, unlike Linezolid which is only 

bacteriostatic in action. The drug is known to exert 

anti-tubercular activity both extracellularly and 

intracellularly. The intracellulcar bactericidal 

activity is attributed to the parent molecule while 

the extracellular bactericidal activity is mainly due 

to the sulfoxide metabolite. The inducers and 

inhibitors of cytochrome CYP3A4 affect the 

concentration of sutezolid and consequently its 

activity due to the fact that each one of cytochrome 

CYP3A4 and flavin-containing monooxygenases 

are responsible for sutezolid metabolism. 

Resistance to sutezolid was found to be associated 

with mutations in the 23S rRNA (rrl) and 

the ribosomal protein L3 (RplC). Early bactericidal 

activity in TB patients showed that sutezolid was 

generally safe and well tolerated. The only adverse 

event that was observed was the mild to moderate 

increase in hepatic alanine aminotransferase 

enzyme levels. The studies have shown that the 

drug is well tolerated in treating drug-sensitive 

tuberculosis. It was found to be well tolerated, safe 

but still concerns have been expressed on it 

exhibiting development of peripheral neuropathy 

on long term use. Regulatory approvals and clinical 

trials results are awaited especially for it being used 

against MDR and XDR-TB 
48-50

.  

Macozinone:  

 
FIG. 8: MACOZINONE 

The arise of drug-resistant TB has posed a major 

challenge, greatly complicating TB management 

for the individual patient and for health systems. To 

tackle these challenges scientists across the world 

have geared up to synthesise and develop newer 

and novel anti-TB drugs. The nascent stage of new 

era of anti-TB drugs have shown a ray of hope to 

tackle and overcome this great scourge of drug-

resistant TB. One such newly discovered drug is 

Macozinone a piperazine-benzothiazinone class of 

anti-TB drug. The benzothiazinone (BTZ) class of 

compounds emerged during the study of 

ditiocarbamate DTC class of compounds which 

possess antimicrobial activity. Structural studies of 

the diticarbamates for improvising the selectivity 

and activity led to the development of the BTZ 

scaffold of drugs. These BTZ derivatives on being 

synthesised and tested for their activity against 

mycobacteria displayed promising MIC values 

against M .tuberculosis including the resistant 

strains. Further when studied on murine models of 

https://www.sciencedirect.com/topics/medicine-and-dentistry/oxazolidinone-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/linezolid
https://www.sciencedirect.com/topics/medicine-and-dentistry/sulfoxide
https://www.sciencedirect.com/topics/medicine-and-dentistry/sulfone
https://www.sciencedirect.com/topics/medicine-and-dentistry/antibacterial-activity
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TB the BTZ class of drugs exhibited anti-

mycobacterial activity at par with isoniazid. 

Genetic studies of the drug to estimate the probable 

mechanism of action showed that this class of 

drugs cause the epimerization of two major 

enzymes which play a pivotal role in the cell wall 

synthesis of the mycobacteria. These two enzymes 

mainly are decaprenylphosphoryl ribose (DPR) to 

decaprenylphosphoryl arabinose (DPA). Amongst 

the two enzymes it was found that the DPR enzyme 

is predominantly involved in inhibition by 

undergoing oxidation followed by undergoing 

reduction of the nitro group to finally inhibit or 

prevent the synthesis of arabinose polymers 

bringing about antimycobacterial action. Further 

studies showcase the in-depth mechanism of action 

of the drug which comprises of the drug 

Macozinone covalently binding to DprE1 the 

flavoenzyme responsible for synthesizing and 

incorporating the arabinogalactan in the 

mycobacterial cell wall. Thus, inhibiting the DPA 

formation and its incorporation in the cell wall 

eventually leads to bacterial cell death 
51-58

.   

CONCLUSION: Since, the 1940s during which 

drugs like Isoniazid, p-Aminosalicylic acid, 

Ethambutol, Pyrizinamide were discovered in a 

series which was followed up by discovering the 

use of Rifampicin, antibiotics, and fluroquinolones 

for treating tuberculosis we have made immense 

progress. However, in spite of having several drugs 

for treatment the mycobacterium does not stop in 

surprising us with newer variants. Keeping these 

challenges in mind the medical fraternity has been 

working dedicatedly and tirelessly to combat the 

disease. In this article we have attempted to give a 

concise view on the progress that has been made in 

discovering newer drugs for the treatment of 

tuberculosis. The scientific fraternity has made 

promising and significant progress in combating 

tuberculosis by discovering and designing newer 

drugs which are tolerable, more effective and target 

specific. This also speaks volumes about the 

dedication and diligence of the scientific fraternity 

to fight this public health concern. The disease 

treatment has evolved considerably to treat the 

different variants of mycobacterium making it more 

manageable. Introduction of fluroquinolones like 

kanamycin, amikacin in 1970s, antibiotics like 

Moxifloxacin for treating tuberculosis as second 

line of drug treatment followed by new drugs like 

Linezolid, Bedaquiline, Delamanid, Macozinone 

has played an instrumental role in helping the 

human kind to combat drug resistant strains as well 

as shortening the duration of treatment. These 

novel drugs have improved efficacy, higher curing 

rates, better patient recovery, improved public 

health outcomes, being effective on latent 

tuberculosis and are better tolerated. Thus, these 

drugs provide hope in tackling the world’s most 

tenacious and widespread public health challenge. 

As more drugs become available, it will become 

possible to generate entirely new treatment 

regimens for TB, which could radically change the 

approach to drug resistant disease. In the future, as 

knowledge about these new agents accumulates, we 

may well find tools to meet the challenges of drug 

resistant TB 
23, 58

.  
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