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			abstract

			The tuberculosis (TB) is a disease caused by Mycobacterium tuberculosis (Mtb) and is considered a worldwide public health problem, classified as the leading cause of death by a single infectious agent. The conventional treatment is performed through the combination of drugs that exhibit precocious or sterilizing bactericidal activity. The commonly used drugs (knowing as first line drugs) are: izoniazide (INH), rifampicin (RIF), pyrazinamide (PZA) and ethambutol (ETH). However, the number of resistant TB cases (classified as RR-TB, MDR-TB and XDR-TB) to drugs has been growing in concern over the years. Of the total cases registered in 2016, about 600 thousand were resistant to one or more drugs used in the treatment. Resistance of Mtb strains to anti-tuberculosis drugs is closely related to mutations in different bacillus genes. Multidrug-resistant tuberculosis is a worldwide problem. A better understanding of the molecular mechanisms associated with the resistance to first-line drugs used in the TB treatment is of great importance for the development of new drugs, directly helping to reduce the number of resistant cases and bringing great benefits to public health. A review of the mechanisms of action of first-line drugs used in the treatment regimen to sensitive tuberculosis, as well as the main associated resistance mechanisms are.  

			Abbreviations: TB: Tuberculosis; MTB: Mycobacterium Tuberculosis; RIF: Resistant to Rifampicin; PZA: Pyrazinamide; ETH: Etambutol; WHO: World Health Organization; ANTI-TB: Anti-Tuberculosis

		

		
			Introduction

			Tuberculosis (TB) is an infectious disease of chronic evolution caused by Mycobacterium tuberculosis (Mtb) [1]. Considered a priority public health problem, TB remains one of the top 10 causes of illness and death in the world population. In 2017, an estimated 10 million new TB cases worldwide were estimated with approximately 1.3 million deaths [2]. However, according to WHO estimates, these numbers are far from realistic [3]. The use of inadequate treatment regimens is frequent, being directly associated with the increase in cases of drug resistant TB [4,5]. Of the total number of cases registered in 2016, approximately 600,000 were believed to be resistant to rifampicin (RIF), of which 490,000 were resistant to both isoniazid (INH) and RIF and were classified as multidrug resistant (MDR-TB) [6,7]. Extensively drug resistant tuberculosis (XDR-TB) is characterized as a MDR-TB that is resistant 

to fluoroquinolones and second-line injectable drugs (amikacin, 
capreomycin and kanamycin) responsible for 6.2% of the incidence of resistant TB cases [6,7]. The treatment of tuberculosis is carried out through the association of drugs that have bactericidal or pre-sterilizing activity. The commonly used drugs (first-line drugs) are INH, RIF, etambutol (ETH) and pyrazinamide (PZA) for the two-month period, followed by another four months with INH and RIF [8]. However, for resistant TB cases, treatment may last from 18 to 24 months, requiring the use of injectable medication, which may lead to the development of several side effects in patients [6,8]. Further elucidation of the mechanisms involved in the drug resistance process commonly used in the treatment of TB would help in the development of new drugs, directly assisting in reducing the number of resistant cases, bringing great benefits to public health.

			Mechanisms of Drug Resistance in Mycobacterium Tuberculosis

			Proper drug association, correct dosage, and long-term use are the basic principles for treatment, avoiding bacterial persistence and developing drug resistance, and thus ensuring patient healing. Currently, the standard treatment recommended by the World Health Organization (WHO) is the concomitant use of four antimicrobials: isoniazid, ethambutol, rifampicin and pyrazinamide given once in a single dose [2]. Among the characteristics of mycobacteria, the cell wall contains virulence factors that alter the normal functioning of host cells. The lipid coating imparts the group’s distinguishing characteristics as acid resistance, extreme hydrophobicity and resistance to poor disinfectants. It probably also contributes to the slow growth rate of some species by restricting nutrient uptake [9]. Such impermeability of the envelope justifies the presence of pore-forming proteins (porins) as well as making it difficult for an effective host response to combat this pathogen [10].

			The cases of resistant tuberculosis are classified according to the sensitivity of M. tuberculosis to the first- and second-line medications used in the drug treatment of disease. The presence of multidrug resistance (resistance to RIF / INH or another first-line drug) indicates the use of the treatment regimen for MDR-TB, which involves second-line treatment drugs. Extensively resistant tuberculosis treatment should be performed in a tertiary health care network, which specializes in the treatment of resistant tuberculosis. Individualized schedules and reserve drugs are used [11]. It is worth noting that the treatment of the resistant forms becomes longer, exceeding 6 months of the traditional scheme and can reach up to 24 months or more [12].

			Mechanism of Action and Resistance to First-Line Treatment Drugs 

			Isoniazid: The hydrazide of isonicotinic acid or isoniazid (INH), due to its significant bactericidal activity, has become a fundamental component of first-line anti-tuberculosis (ANTI-TB) regimens [13]. It was inserted into the anti-TB regime in the 50’s which remains to this day a four-drug regime implemented globally for susceptible TB drugs [14]. The prodrug INH enters the cytoplasm of M. tuberculosis through simple passive diffusion; being able to act only on microorganisms in the active process of replication, not acting during the stationary phase of growth or growing under anaerobic conditions [14,15]. Because it is a prodrug, INH is activated by the enzyme catalase-peroxidase encoded by the KatG gene. Once activated it interferes in the synthesis of essential mycolic acids by inhibiting NADH-enoyl-ACP-reductase, which is encoded by the inhA gene [13,16]. Mutations in the katG gene play a very important role in mediating resistance to INH as it develops the inactivation of this non-essential enzyme [15,17].

			Etambutol: Etambutol (ETH) was inserted into the treatment of tuberculosis in the 1960s, acting against intra- and extracellular bacilli, with a bacteriostatic characteristic [11]. ETH and its mechanism of action involves several cellular activities; the most likely mechanism is that the drug acts as an inhibitor of arabinosyl transferase enzymes involved in cell wall biosynthesis [18,19]. It is also known that ethambutol has bacteriostatic activity against non-replicating bacteria, bactericidal against replicating bacilli, as well as intramacrophagic activity [20]. The resistance mechanism of ETH is mainly linked to missense mutations in the embrB gene. The mutation of codon 306 embB is more frequent in clinical isolates resistant to EMB, representing up to 68% of resistant strains [16]. To confirm ETH resistance, the region that determined this resistance in strains spontaneously resistant to ethambutol was sequenced. The results suggested embrB 306 mutations are sufficient to confer resistance to ethambutol and the detection of such mutations should be considered in the development of rapid molecular tests [14]. Recently, mutations in the ubiA gene, which synthesize enzymes involved in cell wall synthesis, have also been characterized as causing ethambutol resistance in conjunction with mutations in the embrB gene [16].

			Rifampicin: Rifampin (RIF), a semi-synthetic derivative of rifamycin, was first introduced as a first-line drug against tuberculosis in the 1970s and is currently still considered one of the most potent drugs in the treatment of M. tuberculosis [21,22]. RIF diffuses freely through the M. tuberculosis cell wall and once inside the cell, inhibits gene transcription, with the blocking of the RNA polymerase enzyme, preventing the transcription of messenger RNA [21]. Resistance to RIF in M. tuberculosis can be attributed mainly to β-subunit modifications of RNA due to mutations in rpoB gene coding. Mutations in the 81 bp region of rpoB gene are found in about 96% of RIF-resistant M. tuberculosis isolates. Mutations at positions 531, 526 and 516 are among the most frequent mutations in RIF-resistant lines [21&13]. We highlight that although RIF interferes in the synthesis of RNA by binding to the ß-subunit of RNA polymerase, it was evidenced that RIF binding to the rpoB target induced hydroxyl radical formation in susceptible but non-resistant bacilli [16].

			Pyrazinamide: Pyrazinamide (PZA), a nicotinamide analogue, which is the precursor of niacin (vitamin B3 and nicotinic acid), is the only drug in the current TB treatment regimen with sterilizing activity [23]. Unlike all other drugs involved in the treatment of TB, the PZA has a better action against bacilli that are in slow multiplication activity [16]. PZA plays a key role in the treatment of first-line tuberculosis, as it contributes to the reduction of treatment time from 12 to 6 months [21]. It is known that PZA is a prodrug that crosses the membrane of the Mycobacterium by passive diffusion and that in the cytoplasm is transformed into pyrazinoic acid (POA) by activity of the enzyme pyrazinamidase/nicotinamidase encoded by the pncA gene of M. tuberculosis [16]. The POA causes the intracellular medium to become acid causing alterations in the permeability and transport characteristics of the membrane, provoking cellular damage besides interacting with enzymes linked to the translation phase of protein synthesis, inhibiting its synthesis [13,23]. Its mechanism of action against M. tuberculosis is the least understood of all first-line tuberculosis drugs [21]. The conventional model proposed that a low pH was required for PZA activity, but this was questioned suggesting that PZA also fatty acid synthesis, which is not yet well characterized. Other hypotheses would be that the PZA could block some virulence factor of the bacterium or that the PZA may have the ability to bind to the ribosomal protein S1 (RpsA), which interrupts the translation of the protein [24]. Mutations in the pncA gene are the main mechanism of resistance of PZA in M. tuberculosis. PncA mutations are highly diverse and spread throughout the gene, which is unique to PZA resistance. Most PZA-resistant strains of M. tuberculosis (72-99%, mean 85%) have mutations in pncA [16].

			Conclusion

			The current treatment regimen is still long, totaling 6 months to complete, when success is achieved. This long period compromises the adherence of the patient, who often ends up abandoning treatment due to the time and related adverse effects, mainly the hepatotoxicity caused by all antimicrobials. Because of the low availability of medicines on the market and the failures to cure this disease due to abandonment or errors in administration, patients with multidrug-resistant bacilli appeared on first-line drugs and, in some cases, on second-line drugs. Obtaining new drugs with various pharmacological potentials becomes fundamental and increasingly necessary due, among other reasons, to the resistance of microorganisms to drugs.
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