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ABSTRACT: Tuberculosis is a bacterial infection. It is the chronic infectious disease caused by the tubercle 
bacillius. In this paper we present a general overview of TB drug targets, diagnosis, medicinal plant 
treatment and new drugs in clinical development 
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INTRODUCTION 

Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis bacteria, which generally affects the 
lungs, but can also affect the other body parts such as kidney, spine, brain. TB bacteria are spread through air from 
one person to another person. The TB bacteria are spread in air when infected TB person sneeze in air. People 
may breathe these bacteria and become infected. The bacteria can settle in the lungs and being to grow. They can 
move through the blood to other parts of body. TB disease in the lungs or throat can be infectious. TB in other 
parts of body like kidney or spine is usually not infectious. The symptoms of active TB of lungs are coughing, 
blood in the sputum, fever, weight loss, night sweats1. The TB has now emerged as a global health crisis. 
Worldwide in 2017, 6.4 million new cases of TB notified2. This number has been increasing. As more anti-TB 
drug were discovered it was realized that combination of 2-4 anti-TB drugs used for longer periods as effective to 
kill the bacteria and prevent from resistance 3. 

MICROBIOLOGY OF M. TUBERCULOSIS 

Mycobacterium tuberculosis is a non-motile, rod-shaped, acid-fast, obligate aerobe, nonspore forming bacteria. 
The bacilli are 2-4µm in length and have very slow generation time between 15 and 20 hours. The cell wall of the 
mycobacterium is unique in that it is formed by acid waxes, specifically mycolic acids. M. tuberculosis is usually 
resistant to drying and chemicals, contributing to the ease with which it is transmitted4. The cell wall is made of 
carbohydrates, lipids and proteins. The alfa, keto and methoxy mycolic acid is important component of cell wall. 
Porins are present in cell wall through which substance can diffuse. Total 4000 genes present in mycobacterial 
genome. 6 and 8% of these are devoted to fatty acid metabolism. The remaining encodes are various enzymes and 
transcriptional regulators essential for bacterial growth and survival. These enzymes and regulators serve as 
mycobacterial virulence factors5. Histidine kinase, protein kinase and protein tyrosine phosphates are signaling 
enzyme essential for bacterial survival. Glycerol, citrate and asparagines are growth factor of mycobacteria6. 
Central carbon metabolism is essential for mycobacterial physiology, pathogenesis and survival. 

PATHOGENESIS 

M. tuberculosis is spread in air as droplet nuclei from coughing, sneezing, shouting from individuals with 
pulmonary or laryngeal TB. Transmission occurs when inhalation of these droplet nuclei pass through mouth or 
nasal cavity, the upper respiratory tract, bronchi and then reaches the alveoli of the lungs7.once the tubercle bacilli 
reaches the alveoli, they are ingested by alveolar macrophages resulting in the destruction and inhibition of inhaled 
tubercle bacilli8. The small unaffected proportion multiplies within macrophages. Released of tubercle bacilli 
spread through the bloodstream or lymphatic channels to any part of the body tissues and organs and another 
highly susceptible area of TB infection such as the lungs, larynx, lymph nodes, spine, bone or kidney9. In about 2 
to 8 weeks10, an immune response is triggered which allows white blood cells to encapsulate or destroy majority 
of the tubercle bacilli. The encapsulation by the white blood cells resulting in barrier around the tubercle bacilli 
forming a granuloma8. Once inside the barrier shell, the tubercle bacilli is said to be under control and thus 
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establishing a state of latent tuberculosis infection[LTBI]. Person at this stage not show any TB related symptoms, 
are not spread the infection and are not consider as TB cases11. On other hand, if immune system fails to control 
the tubercle bacilli, rapid multiplication of the bacilli leads to a progression from LTBI to a case of TB. TB cases 
is highly infectious and can spread the tubercle bacilli to other people12. 

 

Figure1: Pathogenesis of mycobacterium tuberculosis 

 

DRUG THERAPY AND DRUG RESISTANCE 

Since the discovery of effective anti-TB drugs, the drug resistance is one of the most major challenge against TB. 
To avoid this problem, a number of measures and strategies are adopted for prevention and control of drug 
resistance. These include use of combination therapy, directly observed treatement, short course(DOTS) 
strategy13,14 and its expanded form DOTS-Plus15. Some TB chemotherapeutics regimen has not show much change 
in last 50 years. The regimen includes isoniazid(INH), rifampicin(RMP), pyrazinamide(PZA), ethambutol(ETH) 
or streptomycin for 2 months followed by 4 months of isoniazide  and rifampicin (Table1)16. Substandard drugs, 
irrational prescribing practices and nonadherence to complex regimens increase selection of drug-resistant strain 
of TB bacilli. This along with rise in HIV co-infection has undetermined the efforts of chemotherapy and increases 
the percentage of mycobacteria resistant to isoniazid and rifampicin (multidrug resistant TB, MDR-TB), and 
another additional resistance to fluoroquinolones and second-line TB drugs are also observed (extensively drug-
resistance TB, XDR-TB). In additional, there are phenotypic persisters avoid the killing effects of 
chemotherapeutic drugs17. Twenty or more months of treatment with less effective, more toxic and costlier drug 
manages to cure only 60-75% of patients.  It is essential to have safer and cheaper alternatives with novel 
mechanism of action and capability to be effective in monotherapy and dual therapy. Less frequent dosing and 
short TB therapy duration are unacceptable. The new drug are active against resistant TB pathogens and  latent 
TB. They are kill rapidly multiplying bacteria18. In last few decades improvement of anti-TB drugs. Clinical trial 
approvals are faster. Newer drug delivery system are exploited to enhance drug bioavailability and reduce ill 
effects 19. Older drug are used in different way for TB treatment and improved analogue of antimycobacterial 
drugs are manufactured20.  

 

SOME NEW EMERGING DRUGS TARGETS 

Since the discovery of the complete genome sequence of a virulent strain of TB bacteria, lots of new target have 
been identified. The evaluation of new targets is essential to carry on the constant battle against the drug resistant 
strain of TB . 

 

Cell wall targets 

The mycobacterial cell envelope is more complex bacterial structures identified and major barrier for drug 
penetration . The cell envelope is covalently linked mycolic acids, d-arabino-d-galactan and peptidoglycan. The  
mycolic acid which are accompanied by glycolipids. The mycolic acids based on permeability barrier that shed 
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the organism from environmental stress, contributes to the disease persistence and the intractability of the M. 
tuberculosis to many antibiotics21. The essential genes responsible for the cell growth under all conditions are 
primary target  to treat infectious disease. Novel and classic technique are essential cellular components for 
discovery of the new drugs and drugs targets22. The isoniazid and ethambutol are two first-line tuberculosis drugs 
inhibiting cell wall biosynthesis. The target based whole cell screen via the growth defective mutant can increase 
the sensitivity towards small molecule inhibitor23. The construction of the M.tuberculosis mutant that overexpress 
various genes like LepB,PanC, Icll and LysA for alteration of the specific affinity on variable target act as small 
molecule inhibitor. This approach is used for identify the inhibitor of the pantothenate synthase and 
diaminopimelate decarboxylase24.  

Bacterial targets 

Now a day various bacterial target are found. These targets include various enzymes, genes controlling these 
enzymes and other proteins. Glycolytic pathway, electron transport chains and fermentation pathway holds as 
targets for anti-TB drugs. Sigma factors regulate the mycobacterial regulators during period of environmental 
stress and then inhibited in order to examine the persister25. 

Table1: The Summary of Different First Line and Second Line Drugs of TB 

 

DRUG MECHANISM OF 
ACTION 

REMARKS 

FIRST LINE DRUGS 

Isoniazid (INH) 

N

N H
N H 2

O

 
 

Inhibit the synthesis of 
mycolic acid 

Effective against 
rapidly multiplying 
bacteria, it inhibits the 
cytochrome P450 
system 

Rifampicin(RMP) 
                             

OH OH

NH

O

O

O

OH

OH

N

N

OH
O

O

O

O
N

 
 

Inhibition of β subunit 
of RNA polymerase 
and nucleic acid 
synthesis  
 
 
 
 
 
 
 
 
 

Acts on bacteria with 
metabolic spurts  

Pyrazinamide(PZA) 

N

N

NH2

O

 
 

Depletes membrane 
energy 

Acts in acidic media, 
bacteria with low 
metabolic rate are also 
killed 
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Ethambutol(ETH) 

CH3

N
N

CH3

OH

H

H

OH  
 

Acts on cell wall 
arabinogalactan  

Acts on rapidly 
proliferating bacteria, 
decrease INH 
resistance 
 
 

Streptomycin 
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Decreases protein 
synthesis 

Injectable, nephro-and 
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SECOND-LINE DRUGS 

Kanamycin 

O

O
O
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OH
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NH2
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Decreases protein 
synthesis 
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Capreomycin(polypeptide antibiotic) 
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Decrease DNA 
synthesis 

Injectable, nephro-and 
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Ethionamide 

N

NH2CH3

S

 
 
 

Inhibition of mycolic 
acid synthesis 

Oral, thyroid hormone 
inhibition 
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Para-amino salicylic acid 

NH2

OH

O

OH  
 

Folate synthesis 
inhibition 

The most common 
side effects of PAS 
are persistent 
nausea, vomiting 
and diarrshoea. If 
the patient 
experiences 
fatigue, it may be 
due to 
hypothyroidism 
caused by PAS. PAS 
may cause hepatitis 
occasional side 
effects include 
increased 
prothrombin time 
and malabsorption 
syndrome  

Cycloserine 
              

NH

O

NH2

O

 
 

Inhibition of cell wall 
peptidoglycan 
biosynthesis via action 
on D-alanine racemase 
and ligase 

 
 
- 
 
 

 

Nuclear targets 

A bacterial tubulin polymerase inhibitors such as deazapteridine compounds includes SRI-3072, are inhibiting 
mycobacteria26-28. They act on cellular division. Purine  salvage pathway is essential for growth and survival of 
bacteria. Purine nucleoside analogs targets to purine nucleosidase   enzyme  of  this  pathway  to  produce anti-
TB  action29,30.  9-Sulfonylated are potent and selective against mycobacteria. The potent 9-benzylpurines and 
arylpurines acts on intracellular TB bacilli 31. 

 

DIAGNOSIS OF LATENT M. TUBERCULOSIS INFECTION 

The person infected with M. tuberculosis may be identified by tuberculin skin test, six to eight weeks after 
exposure to the bacilli. This test based on delayed- type hypersensitivity (DTH) response to a M. tuberculosis 
antigens, called as purified protein derivative (PPD). Size of more than 5mm, recorded 48 to 72 hours after 
injection of PPD, is consider as positive32. Skin test reaction over 20mm is usually due to active disease; however, 
a negative skin test in an active TB patient may also result from anergy or incorrect administration of the test. The 
tuberculin skin test lacks sensitivity and it can not differentiate between infection with M. tuberculosis32,33. More 
sensitive and specific test is cell-mediated immunity- based interferon-gamma(IFN-γ) release assays (IGRAS) 
have been developed to detect T cell responses after stimulation by two M. tuberculosis-specific antigens, early 
secreted antigenic target-6 (ESAT-6) and culture filtrate protein-10(CFP-10)34-39. Another variation of 
conventional IGRAS also developed by using cytometry40. The flow cytometric approach has more advantageous 
than conventional IGRAS, small blood volume(<1ml) is needed for testing, the assay has limited utility in much 
of the developing world due to the requirement of technical expertise and high cost of flow cytometers.  The 
detection of antibodies level to some M. tuberculosis-specific proteins has also been noted in latently infected 
individuals  and patient with active TB disease41,44. Two commercial   IGRAS, whole blood, ELISA-based 
QuantiFERON (QFN)- TB Gold assay (Cellestis Ltd., Carnegie, Australia) and peripheral blood mononuclear 
cell(PBMC) and enzyme-linked immunospot (ELISPOT) technology based T SPOT-T B (Oxford Immunotec, 
Oxford, UK)  has been developed for detecting  LTBI and these test have been approved by Food And Drug 
Administration(FDA). These test is based on stimulation of T-lymphocytes with ESAT-6 and CFP-10 proteins 
and measurement of IFN-γ production (QFN-TB Gold) or detection of T-cells themselves (T SPOT-TB). The 
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newer version of the (QFN-G-IT) (Cellestis Ltd., Carnegie, Australia) uses ESAT-6 and CFP-10 and TB7. 
Peptides as antigens. The performance of both QFT-G-IT and T-Spot-TB tests have been evaluated 
extensively35,45,46,47,48. Although IGRAS can not distinguish between LTBI and active TB disease in 
immunocompetent adult, in high-risk individuals with immunosuppressive conditions and children, IGRAS may 
help in diagnosis of active disease as adjunctive diagnosis test, particularly if specimen from the suspected site of 
infection such as bronchoalveolar lavage, cerebrospinal fluid49,50. 

 

IMPROVEMENT IN CURRENT DRUG REGIMENS 

Development of new drug is difficult, time consuming and expensive process, efforts have been needed to improve 
on present regimens: 

 

Improvement of regimens: Adherence to therapy is an problem and could be bettered by close monitoring for 
adversities and their prompt management51. Combining 2-4 anti-TB drugs into one formulation is to improve 
compliance. 

 

New drug delivery techniques: The new drug delivery system with anti-TB drugs are effective to reach target 
tissue or cell and need less quantity of dosing and hence to improve patient compliance. Aerosolized form of anti-
TB drugs can be deliver the active ingredient to the lungs. Global Alliance on TB(GATB) is currently evaluate 
safety, efficacy and advantages of this drug delivery system in TB management19,52.  Liposome and bio-degradable 
polymer based technology are used for sustain delivery of conventional anti-TB drugs52. This leads to improved 
compliance and clinical outcome. 

Supplementary therapy: The anti-TB drugs administered along with immunomodulators could enhance 
efficacy18. Adenine triphosphate (ATP) have been used to potentiate macrophage antimycobacterial activity53. 
Anti-TB drug with immunomodulator in suitable nanoparticles have been tried for better solubility and 
bioavailability54,55. 

NEW DRUGS IN CLINICAL DEVELOPMENT 

Aim of finding  new  antituberculosis drugs are in progress and compounds showed novel Chemical structure and 
acts on novel targets56-59.The drugs include, GSK 2556286;60 TBAJ-587 from diarylquinoline;60 TBI-223 from 
oxazolidinone;61 spectinamide 1810 and spectinomycin analogues,62 BTZ-043,63 GSK 070 and GSK 3036656 
from oxaborole;60 contezolid (MRX-4/MRX-1) from oxazolidinone;64 OPC167832, a 3,4-dihyrdocarbostyril 
derivative;65 Macozinone (PBTZ169), a piperazinobenzothiazinone derivative;66,67clofazimine (TBI-166) from 
riminophenazine;68 TBA-7371 from azaindole;60 and Sutezolid from oxazolidinone.69-72 

MEDICINAL PLANT TREATMENT IN TUBERCULOSIS 

The importance of plants has been recorded since the ancient time due to virtuousness of its variety of chemical 
compounds, it contain some important medicinal properties that can be used to cure diseases. Medicinal plant 
have been different preventive and curative solution against disease73-76.  The WHO estimated that about 80 
percent of world population depend on traditional medicinal plants for their health care. The uses of herbs and 
herbal products have been accepted in our modern way of life77. Most of the drug cause adverse effects and 
costlier, therefore nowadays there are used of alternative source of medicine, usually based on medicinal plants78. 
The number of medicinal plant have been  reported for anti-mycobacterial action79-84. Allium sativum (garlic) has 
been show to be antimicrobial and immunomodulating activity85,86. It contain allicin which inhibits glutathione 
peroxidise and hence, bacterial replication is reduced. Extracts of  Acalypha indica, Adhatoda vasica,Actiniopteris 
radiata, Aloe vera and Alstonia scholaris were found to inhibit mycobacteria of TB87,88. Extracts of  Gycyrrhizza 
glabra, Cassia fistula,  Quercus infectora, Strophanthus wallichii, Lawsonia intermis, Piper nigrum, Syzgium 
aromaticum, Acacia catechu, Vevtiveria zizanioides also demonstrated the significant antimycobacterial activity89-

96. Acetone extract of pulverized aerial portion of Leucas steligera contain diterpenes and flavones act as 
antimicrobial activity97. Methanolic extracts of  Duroia macrophylla contain terpenes and flavonoids with 
antimycobacterial efficacy98. Byttneria herbecea extract can inhibit glutamine synthetase and kill both growing 
and dormant bacilli99. These plants are promising candidates to find novel medication for the treatment of TB. 
However, the emergence of MDR and XDR-TB has further inspired the scientific community to find novel and 
more potent anti-mycobacterial drug molecules. Various plants across the world possess anti-mycobacterial 
activity against MDR-TB. India is one of the leading countries in herbal medicines and researchers are 
continuously engaged in searching novel drug molecules to combat MDR/XDR-TB. since last few years several 
plants have been reported for their anti-mycobacterial activity from India. 
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Table 2: Global new tuberculosis drug development pipelines 

CONCLUSION 

Tuberculosis is one of the most infectious disease and has claimed millions of lives for many years. Some new 
emerging drug targets and drugs has been identified to carry on the constant battle against the drug resistant strain 
of tuberculosis.  

ACNOWLEDGEMENT 

Authors are thankful to the Management and Principal of MGV’s Pharmacy College, Panchavati, Nashik and  
Savitribai Phule Pune University, Pune. 

REFERENCES 
[1] https://www.cdc.gov › tb › publications › faqs › qa_introduction 
[2] World Health Organization. WHO Report 2014: Global Tuberculosis Control. WHO/HTM/TB/2014.19. 

www.who.int/tb/publications/global_report/en/. 
[3] Keshavjee S, Farmer PE. 200th anniversary article: tuberculosis, drug resistance and the    history of modern medicine. N. Engl. J. Med 

2012; 367: 931–36. 
[4] Todar’s online Textbook of bacteriology, http://www.textbook of bacteriology.net/tuberculosis.html. 
[5] Dasgupta SB, Pieters J: Striking the right balance determines TB or not TB. Front. Immunol 2014; 5: 455–63. 
[6] Rhee KY, de Carvalho LPS, Bryk R: Central carbon metabolism in Mycobacterium tuberculosis: an unexpected frontier. Trends 

Microbiol 1011; 19(7): 307–14. 
[7] CDC. How TB Spreads. CDC; 2016 [August 12 2016]. Available online: https://www.cdc.gov/tb/topic/basics/ howtbspreads.htm. 
[8] Schluger NW. The pathogenesis of tuberculosis: the first one hundred (and twenty-three) years. Am J Respir Cell Mol Biol 2005; 32: 

251-60. 
[9] Smith I. Mycobacterium tuberculosis pathogenesis and molecular determinants of virulence. Clin Microbiol 2003; 16: 463-96. 
[10] Haley CA. Prevention of Tuberculosis: TB Screening, Diagnosis of Latent Tuberculosis Infection and Preventive Therapy. Southeastern 

National Tuberculosis Centre, 2013 [August 12 2016]. Available online: https://sntc.medicine. 
[11] World Health Organization. What is TB? How is it treated? 2015 [August 12 2016]. Available online: http:// 

www.who.int/features/qa/08/en/ 
[12] CDC. Chapter2:Transmission and Pathogenesis of Tuberculosis [August 15 2016].  Available online: https:// 

www.cdc.gov/tb/eduction/corecurr/chapter2.pdf. 
[13] Bayer R. Wilkinson D. Directly observed therapy for tuberculosis: history of an idea. Lancet 1995; 1545-48. 
[14] Grange JM. DOTS and beyond: towards a holistic approach to the conquest of tuberculosis. Int.J.Tuberc.Lung Dis 1997; 1(4): 293-96. 
[15] Iseman MD. MDR-TB and the developing world –a problem no longer to be ignored: the WHO announces ‘DOTS-Plus’ strategy. 

Int.J.Tuberc.Lung Dis 1998; 2(11): 867. 
[16] Lienhardt C, Raviglione M, Spigelman M et al. New drugs for the treatment of tuberculosis: needs, challenges, promise, and prospects 

for the future. J. Infect. Dis 2012;  205(2): 241–49. 
[17] Tam C-M, Yew WW, Yuen K-Y. Treatment of multidrugresistant and extensively drug-resistant tuberculosis: current status and future 

prospects. Expert Rev. Clin. Pharmacol  2009; 2(4): 405–21. 
[18] Sarkar S, Mavanur RS. An overview of tuberculosis chemotherapy-a literature review. J. Pharm. Pharm. Sci 2011; 14(2): 148–61. 
[19] Kaur M, Garg T, Rath G, Goyal AK. Current nanotechnological strategies for effective delivery of bioactive drug molecules in the 

treatment of tuberculosis. Crit. Rev. Ther. Drug Carrier Syst 2014; 31(1): 49–88. 
[20] Tomioka H. Current status and perspective on drug targets in tubercle bacilli and drug design of antituberculous agents based on 

structure-activity relationship. Curr. Pharm. Des 2014; 20(27): 4305–4306. 

Dr. Tushar N. Lokhande et al. / International Journal of Pharma Sciences and Research (IJPSR)

ISSN : 0975-9492 Vol. 10 No. 9 Sep 2019 261



[21] Li, W, Upadhyay, A, Fontes, F.L, North, E.J, Wang, Y, Crans, D.C, Grzegorzewicz, A.E, Jones, V, Franzblau, S.G, Lee, R.E, Crick, 
D.C. & Jackson, M. Novel insights into the mechanism of inhibition of MmpL3, a target of multiple pharmacophores in Mycobacterium 
tuberculosis. Antimicrob Agents Chemother 2014; 58: 6413-23. 

[22] Suzuki y, Nakajima, C, Tamaru A, Kim, H, Mastuba, T.and Saito, H. Sensitivities of ciprofloxacin-resistant Mycobacterium tuberculosis 
clinical isolates to fluoroquinolones: role of mutant DNA gyrase subunits in drug resistance. In J Antimicrob Agents 2012; 39: 435-9. 

[23] Young, K, Jayasuriya, ., Ondeyka, J.G, Herath, K, Zhang, C, Kodali, S, Galgoci, A, Painter, R., Brown-Driver, V, Yamamoto, R, Silver, 
L.L, Zheng, Y, Ventura, J.I, Sigmund, J, Ha, S, Basilio, A, Vicente, F, Tormo, J.R, Pelaez, F, Youngman, P., Cully, D., Barrett, J.F., 
Schmatz, D., Singh, S.B. & Wang, J. Discovery of FabH/FabF inhibitors from natural products. Antimicrob Agents Chemother 2006; 
50: 519-26. 

[24] Abrahams, G.L., Kumar, A., Savvi, S., Hung, A.W., Wen, S., Abell, C., Barry, C.E., 3rd, Sherman, D.R., Boshoff, H.I. & Mizrahi, V. 
Pathway-selective sensitization of Mycobacterium tuberculosis for target-based wholecell screening. Chem Biol 2012; 19:  844-54. 

[25] Sachdeva P, Misra R, Tyagi AK, Singh Y. The sigma factors of Mycobacterium tuberculosis: regulation of the regulators. FEBS J. 2010; 
277(3): 605–26. 

[26] Lechartier B, Rybniker J, Zumla A, Cole ST. Tuberculosis drug discovery in the post-post genomic era. EMBO Mol. Med. 2014; 6(2): 
158–168. 

[27] Lucile WE, Reynolds RC, Suling WJ. US0113429 (2010). 
[28] University of Pittsburgh of the Commonwealth system of Higher Education. US0331460 (2013). 
[29] Gilead Sciences Inc. US7427624 (2008). 
[30] Uti Limited Partnership. US0070860 (2008). 
[31] Kamal A, Azeeza S, Malik MS, Shaik AA, Rao MV. Efforts towards the development of new antitubercular agents: potential for 

thiolactomycin based compounds. J. Pharm. Pharm. Sci. 2008; 11(2): 56–80. 
[32] C. Dye, S. Scheele, P. Dolin, V. Pathania, and M. C. Raviglione, “Consensus statement. Global burden of tuberculosis: estimated 

incidence, prevalence, and mortality by country. WHO Global Surveillance and Monitoring Project,” JAMA 1999; 282(7): 677–86. 
[33] S.-B. Jung, C.-S. Yang, J.-S. Lee et al., “The mycobacterial 38kilodalton glycolipoprotein antigen activates the mitogenactivated protein 

kinase pathway and release of proinflammatory cytokines through Toll-like receptors 2 and 4 in human monocytes,” Infection and 
Immunity 2006; 74(5): 2686–96. 

[34] Brock, M. E. Munk, A. Kok-Jensen, and P. Andersen, “Performance of whole blood IFN-γ test for tuberculosis diagnosis based on PPD 
or the specific antigens ESAT-6 and CFP-10,” International Journal of Tuberculosis and Lung Disease 2001; 5 (5): 462–67. 

[35] M. Pai, A. Zwerling, and D. Menzies, “Systematic review: T-cell-based assays for the diagnosis of latent tuberculosis infection: an 
update,” Annals of Internal Medicine 2008; 149(3): 177–84. 

[36] A.Lalvani, A.A.Pathan, H.Durkanetal., “Enhancedcontact tracing and spatial tracking of Mycobacterium tuberculosis infection by 
enumeration of antigen-specific T cells,” The Lancet 2001; 357 (9273): 2017–21. 

[37] M. Pai, L. W. Riley, and J. M. Colford Jr., “Interferon-γ assays in the immune diagnosis of tuberculosis:asystematic review,” The Lancet 
Infectious Disease: 2004; 4(12): 761-66. 

[38] C. C. Whalen, “Diagnosis of latent tuberculosis infection measure for measure,” Journal of the American Medical Association 2005; 
293(22) 2785–87. 

[39] P. Nahid, M. Pai, and P. C. Hopewell, “Advances in the diagnosis and treatment of tuberculosis,” Proceedings of the American Thoracic 
Society 2006; 3(1): 103–10. 

[40] S. Fuhrmann, M. Streitz, and F. Kern, “How flow cytometry is changing the study of TB immunology and clinical diagnosis,” Cytometry 
Part A 2008; 73(11): 1100–06. 

[41] S. Ahmad, H. A. Amoudy, J. E. R. Thole, D. B. Young, and A. S.Mustafa,“Identificationofanovelproteinantigenencoded by a 
Mycobacterium tuberculosis-specific RD1 region gene,” Scandinavian Journal of Immunology 1999; 49(5): 515– 22. 

[42] K.K.Singh,Y.Dong,S.A.Patibandla,D.N.McMurray,V.K. Arora, and S. Laal, “Immunogenicity of the Mycobacterium tuberculosis 
PPE55 (Rv3347c) protein during incipient and clinical tuberculosis,” Infection and Immunity 2005; 73(8): 5004–14. 

[43] S. Ahmad, S. El-Shazly, A. S. Mustafa, and R. Al-Attiyah, “Mammaliancell-entryproteinsencodedbythemce3operon of Mycobacterium 
tuberculosis are expressed during natural infection in humans,” Scandinavian Journal of Immunology 2004; 60(4): 382–91. 

[44] S. El-Shazly, A. S. Mustafa, S. Ahmad, and R. Al-Attiyah, “Utility of three mammalian cell entry proteins of Mycobacterium tuberculosis 
in the serodiagnosis of tuberculosis,” International Journal of Tuberculosis and Lung Disease 2007; 11(6): 676–82. 

[45] Lalvani, “Diagnosing tuberculosis infection in the 21st century: new tools to tackle an old enemy,” Chest 2007; 131(6): 1898–1906. 
[46] M. Pai, J. Minion, K. Steingart, and A. Ramsay, “New and improved tuberculosis diagnostics: evidence, 

policy,practice,andimpact,”Current Opinionin Pulmonary Medicine 2010; 16(3): 271–84. 
[47] D. Menzies, M. Pai, and G. Comstock, “Meta-analysis: new tests for the diagnosis of latent tuberculosis infection: areas of uncertainty 

and recommendations for research,” Annals of Internal Medicine 2007; 146(5): 340–54. 
[48] M.Paiand R.O’Brien,“New diagnostics for latent andactive Tuberculosis: state of the art and future prospects,” Seminars in Respiratory 

and Critical Care Medicine 2008; 29(5): 560–68. 
[49] Strassburg, C. Jafari, M. Ernst, W. Lotz, and C. Lange, “Rapid diagnosis of pulmonary TB by BAL enzyme-linked immunospot assay 

in an immunocompromised host,” European Respiratory Journal 2008; 31(5): 1132–35. 
[50] S.-H.Kim,K.Chu,S.-J.Choietal., “Diagnosis of central nervous system  tuberculosis by T-cell-based assays on peripheral blood and 

cerebrospinal fluid mononuclear cells,” Clinical and Vaccine Immunology 2008; 15(9): 1356–62. 
[51] Lai HM, Mazlan NA, Yusoff MS, Harun SN, Wee LJ, Thambrin MF. Management of side effects and drug interactions of anti-

mycobacterial in tuberculosis. WebmedCentral infectious diseases 2011; 2(12): 2749. 
[52] Vora C, Patadia R, Mittal K, Mashru R. Recent patents and advances on anti-tuberculosis drug delivery and formulations. Recent Pat. 

Drug Deliv. Formul. 2013; 20137(2): 138–49. 
[53] Parabolic Biologicals SPRL: WO1160684 (2011). 
[54] The International Centre for Diarrhoeal Disease Research: WO2140504 (2012). 
[55] Summit Corp Plc.: WO8009894 (2008). 
[56] Dheda K, Gumbo T, Maartens G. The Epidermiology, Pathogenesis, Transmission, Diagnosis, and management of multidrug-resistant, 

extensively drug-resistant, and incurable tuberculosis. Lancet Respir Med 2017; 5: 291-360. 
[57] Lienhardt C, Lonnroth K, Menzies D. Translational research for tuberculosis elimination: priorities, challenges, and actions.PLoS Med 

2016; 13: e1001965. 
[58] Sulis G, Centis R, Sotgiu G. Recent developments in the NPJ Prim Care Respir Med 2016; 26: 16078. 
[59] Heemskerk AD, Bang ND, Mai NT. Intensified antituberculosis therapy in adults with tuberculous meningitis. N Engl J Med 2016; 374: 

124-34 

Dr. Tushar N. Lokhande et al. / International Journal of Pharma Sciences and Research (IJPSR)

ISSN : 0975-9492 Vol. 10 No. 9 Sep 2019 262



[60] https://www.newtbdrugs.org/sites/default/files/meetings/files/04_WGND%20 GSK%20david%20barros.pdf (visited January 16, 2019); 
https://www. newtbdrugs.org/pipeline/compound/tbaj-587-diarylquinoline (visited January 16, 2019); and 
https://www.newtbdrugs.org/pipeline/compound/gsk-070- gsk-3036656. 

[61] Cooper CB. Antitubercular 3-(4- aminophenyl)oxazolidin-2- ones: Progress towards better, safer TB agents. American Chemical 
Society. 2017;253:COMP-225 

[62] Madhura DB, Liu J, Meibohm B, Lee RE. Phase II metabolic pathways of spectinamide antitubercular agents: A Comparative Study of 
the reactivity of 4-substituted pyridines to glutathione conjugation. Med Chem Comm. 2016;7(1):114-7. 

[63] Zhang R, Lv K, Wang B, et al. Design, synthesis and antitubercular evaluation of benzothiazinones containing an oximido or amino 
nitrogen heterocycle moiety. RSC Advances. 2017;7(3):1480-3. 

[64] Shoen C, DeStefano M, Hafkin B, Cynamon M. In vitro and in vivo activities of Contezolid (MRX-I) against Mycobacterium 
tuberculosis. Antimicrob Agents Chemother. 2018;62(8):e00493-18. 

[65] Ballell PL, Barros AD, Bates RH, Castro PJ, Esquivias PJ, Pethe K. Antituberculosis agent, in, GlaxoSmithKline Intellectual Property 
Development Limited, UK. 2017;45.  

[66] Lupien A, Vocat A, Foo CS, et al. Optimized background regimen for treatment of active tuberculosis with the next-generation 
benzothiazinone macozinone (PBTZ169). Antimicrob Agents Chemother. 2018;62(11):e00840-18.  

[67] Piton J, Vocat A, Lupien A, et al. Structure-Based drug design and characterization of sulfonyl-piperazine benzothiazinone inhibitors of 
DprE1 from Mycobacterium tuberculosis. Antimicrob Agents Chemother. 2018;62(10):e00681-18. 

[68] Wang Q, Pang Y, Jing W, et al. Clofazimine for treatment of extensively drugresistant pulmonary tuberculosis in China. Antimicrob 
Agents Chemother. 2018;62(4):e02149-17. 

[69] Desi RSR, Peketi SR. A novel process for the preparation of sutezolid, in, Optimus Drugs Pvt. Ltd., India. 2018;27.  
[70] Makafe GG, Cao Y, Tan Y, et al. Role of the Cys154Arg Substitution in Ribosomal Protein L3 in Oxazolidinone Resistance in 

Mycobacterium tuberculosis. Antimicrob Agents Chemother. 2016;60(5):3202-6.  
[71] Tasneen R, Betoudji F, Tyagi S, et al. Contribution of oxazolidinones to the efficacy of novel regimens containing Bedaquiline and 

Pretomanid in a mouse model of tuberculosis. Antimicrob Agents Chemother. 2016;60(1):270-7.  
[72] Olaru ID, Groote-Bidlingmaier FV, Heyckendorf J, Yew WW, Lange C, Chang KC. Novel drugs against tuberculosis: A clinician’s 

perspective. Eur Respir J. 2015;45(4):1119-31. 
[73] Glesinger, L. Medicine through Centuries. Zora, Zagreb 1954; 21-38. 
[74] Bottcher, H. Miracle Drugs. Zora, Zagreb 1965;  23: 139. 
[75] Castiglioni, A., Krumbhaar, E.B. and Alfred, A. A History of Medicine. Knopf, New York: 1947. 
[76] Petrovska, B.B. Historical Review of Medicinal Plants’ Usage. Pharmacognosy Reviews 2012; 6: 1-5. 
[77] Cragg, G.M. and Newman, D.J. (2013) Natural Products: A Continuing Source of Novel Drug Leads. Biochimica et Biophysica Acta 

(BBA)-General Subjects 2013; 1830: 3670-95. 
[78] Santhosh, R.S. and Suriyanarayanan, B. Plants: A Source for New Antimycobacterial Drugs. Planta Medica 2014; 80: 9-21. 
[79] Newton, S.M., Lau, C. and Wright, C.W. A Review of Antimycobacterial Natural Products. Phytotherapy Research 2000; 14: 303-22. 
[80] Mohamad, S., Zin, N.M., Wahab, H.A., Ibrahim, P., Sulaiman, S.F. Antituberculosis Potential of Some Ethnobotanically Selected 

Malaysian Plants. Journal of Ethnopharmacology 2011; 133: 1021-26. 
[81] Babalola, I.T., Adelakun, E.A., Wang, Y. and Shode, F.O. Anti-TB Activity of Sterculia setigera Del., Leaves (Sterculiaceae). Journal 

of Pharmacognosy and Phytochemistry 2012; 1: 19-26. 
[82] Robles-Zepeda, R.E., Coronado-Aceves, E.W., Velázquez-Contreras, C.A., Ruiz-Bustos, E., Navarro-Navarro, M. In Vitro Anti-

Mycobacterial Activity of Nine Medicinal Plants Used by Ethnic Groups in Sonora, Mexico. BMC Complementary and Alternative 
Medicine 2013; 13: 329. 

[83] Balcha, E., Mengiste, B., Gebrelibanos, M., Worku, A. and Ameni, G. Evaluation of In-Vitro Anti-Mycobacterial Activity of Selected 
Medicinal Plants in Mekelle, Ethiopia. World Applied Sciences Journal 2014; 31: 1217-20. 

[84] Njeru, S.N., Obonyo, M.A., Ngari, S.M., Nyambati, S., Onsarigo, J.M.N. Antituberculous, Antimicrobial, Cytotoxicity and 
Phytochemical Activity Study of Piliostigma thonningii Extract Fractions. Journal of Medicinal Plants Research 2015; 9: 655-63. 

[85] Billings Pharmaceuticals Inc. US7321002 (2008). 
[86] Viswanathan, V., Phadatare, A. and Mukne, A. Antimycobacterial and Antibacterial Activity of Allium sativum Bulbs. Indian Journal 

of Pharmaceutical Sciences2014; 76: 256-61. 
[87] Garg HK, Shrivastava A. Evaluation and impact of anti-tuberculosis drug: a review. Int. J. Sci. Res 2013;  2(7): 255. 
[88] Aqil M. Treatment of tuberculosis: use of active pharmaceuticals. Recent Pat. Antiinfect. Drug Discovery 2008; 3(1): 34-44. 
[89] Gaur, R., Thakur, J.P., Yadav, D.K., Kapkoti, D.S., Verma, R.K. Synthesis, Antitubercular Activity, and Molecular Modeling Studies 

of Analogues of Isoliquiritigenin and Liquiritigenin, Bioactive Components from Glycyrrhiza glabra. Medicinal Chemistry Research 
2015; 24: 3494-3503. 

[90] Channabasappa, H.S., Shrinivas, J.D. and Venkatrao, K.H. Evaluation of Antibacterial and Antitubercular Activity of Cassia fistula Linn 
Root. International Journal of Research in Pharmaceutical Sciences 2015; 6: 82-84. 

[91] Sheeba, D.G., Gomathi, K.S. and Citarasu, D. Anti-Mycobacterial and Phytochemical Investigation of Methanol Extracts of Few 
Medicinal Plants. Journal of Chemical and Pharmaceutical Sciences2015; 8: 480-86. 

[92] Suhitha, S., Devi, S.K., Gunasekaran, K., Carehome Pakyntein, H., Bhattacharjee, A. Phytochemical Analyses and Activity of Herbal 
Medicinal Plants of North-East India for Anti-Diabetic, Anti-Cancer and Anti- Tuberculosis and Their Docking Studies. Current Topics 
in Medicinal Chemistry 2015; 15: 21-36. 

[93] Kaur, R. and Kaur, H. Antitubercular Activity and Phytochemical Screening of Selected Medicinal Plants. Oriental Journal of Chemistry 
2015; 31: 597-600. 

[94] Mishra, P.K., Singh, R.K., Gupta, A., Chaturvedi, A., Pandey, R. Antibacterial Activity of Andrographis paniculata (Burm. f.) Wall. ex 
Nees Leaves against Clinical Pathogens. Journal of Pharmacy Research 2013; 7: 459-62. 

[95] Tawde, K., Gacche, R. and Pund, M. Evaluation of Selected Indian Traditional Folk Medicinal Plants against Mycobacterium 
tuberculosis with Antioxidant and Cytotoxicity Study. Asian Pacific Journal of Tropical Disease 2012; 2: 685-91. 

[96] Saikia, D., Parveen, S., Gupta, V.K. and Luqman, S. Anti-Tuberculosis Activity of Indian Grass KHUS (Vetiveria zizanioides L. Nash). 
Complementary Therapies in Medicine 2012; 20: 434-436. 

[97] Council of Scientific and Industrial Research. US0171498 (2014). 
[98] Martins D, Carrion LL, Ramos DF et al. Anti-tuberculosis activity of oleanolic acid and ursolic acid isolated from the dichlormethane 

extract of leaves from Duroia macrophylla. BMC Proc. 2014; 8(4): 3. 
[99] Council of Scientific and Industrial Research Patent, US0040007 (2013). 

Dr. Tushar N. Lokhande et al. / International Journal of Pharma Sciences and Research (IJPSR)

ISSN : 0975-9492 Vol. 10 No. 9 Sep 2019 263




