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ABSTRACT

The reappearance of tuberculosis (TB) and resistant of Mycobacterium strainsis a crucial public health concern for
the treatment of TB. Some findings on the fluoroquinolone (FQs) derivatives are being developed as effective anti-
TB agents. Some FQs antibiotics like ofloxacin, moxifloxacin, gatifloxacin, sparfloxacin, ciprofloxacin, levofloxacin
are act as bactericidal with exceptional activity against Mtb and are presently used as second-line anti-TB drugs.
The FQs exert their antibacterial effects by trapping gyrase and topoisomerase-IV enzymes on deoxyribonucleic
acid (DNA) and blocking the replication and transcriptions. Unlike most other bacteriums, Mtb lacks
topoisomerase-1V, but contains the genes gyrA and gyrB encoding the A and B subunits of DNA gyrase. Various
new-generation FQs are under clinical trials with the aim of reducing the time periods of TB treatment while others
are considered to be capable candidates for future drug development.
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INTRODUCTION

Tuberculosis (TB) is a serious health problem wwiti and its condition is worsened by the existesfamultidrug
resistant tuberculosis (MDR-TB) and extensive dregistant tuberculosis (XDR-TB) strainslycobacterium
tuberculosis (Mth) is the main causative agent of the TB. Recemti)gn more serious forms of drug resistance
(latent-TB) have been reported. Effective expedtedtment of TB became available in the mid-194@h the
introduction of streptomycin [1,2]. The human imreudeficiency virus (HIV) infection and acquired imne
deficiency syndrome (AIDS) resulted in a globalurgence of TB. The emergence and global presenbtbét-TB
and XDR-TB are highly lethal, very expensive anchptex to treat and causing health concern worldy&4]. In
spite of being a world public health crisis, TB lmamained a mistreated disease. Since the begihinfampicin,
anti-TB drug discovery has been lethargic. Sin@ntmo new drug has become present that can beasbtd
rifampicin in conditions of utility and safety. Theeatment of MDR-TB/XDR-TB, there is an urgent dder novel
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anti-TB drugs that are more potent and have legsitp [5,6]. The rise in tuberculosis (TB), dueparticular to the
increased incidence dfith infections in HIV-infected individuals has promptadstrong search for new anti-TB
drugs for the treatment of TB. Increased infectioith the M. avium complex (MAC) is contributing to the
morbidity and mortality in AIDS patients. The masgent aim of treatment of TB and MAC infectionoshl be
the improvement of extremely active and low-codt-&B drugs [7-9]. The MAC shows intrinsic resistanto the
various common anti-TB drugs, in several cases tdu@oor uptake of these drugs [9]. The immunoldgica
deterioration seen in AIDS patients is frequenttieraded by opportunistic infections countidtb and non-
tuberculosis M. avium) mycobacterium diseases. Treatment of these infectis often complicated by patient
intolerance of the drugs used or pathogen resistamasual drug therapy.

The main drugs presently used to treat TB are @&aai(INH), rifampicin (RIF), ethambutol (EMB), pzinamide
(PZA) and streptomycin (SM), or most of them. Soshelies reported that about 19% of TB isolates lhospital
were resistant to RIF and INH, most common antidrmBgs. Normally, the resistance to INH and SM isreno
common than resistance to RIF, EMB and PZA. Forigmfreatment of mycobacterium infections, everlifig
resistance is not suspected, the 4-drugs regiméNtdf RIF, PZA, and EMB (or SM) is recommended [8his
review is an attempt to summarize evidence reggrdine efficacy and potentials of various existing
fluoroquinolones (FQs) as anti-TB drugs and emergiew FQs in the treatment of active TB [10-13].

The search for new drugs is imperative and theegies followed to generate new TB therapies maglire [14]:

» Developing new drugs from existing lead moleculeseds to treat other bacterial infections (like.
fluoroquinolones).

» Modifying an existing drug to improve its anti-TRtevity and its pharmacokinetic properties to makéess
susceptible to the known mechanism of resistanbés i6 the strategy adopted in developing new aBtidrug
analogues.

» Discovering new drugs either by random screening arspecific target is known, by a rational desi¢New
guinolones act as active agents. Since resistafitdikely develop upon prolonged treatment, sudeiats will
always be used in conjunction with one (or perlrapse) other anti-TB drugs to which mycobacteriatisceptible.
Regarding the FQs, they have activity agailb and penetrate human macrophages in which mycaofzcte
survive. Among the FQs, levofloxacin and ciprofloxahave better pharmacokinetics [15]. Other neenég also
appear to have promising activity against TB. Mades, like clarithromycin, azithromycin [16,17] én
Rifapentine, were less actiue vitro againstMtb than the FQs. Generally, they are used in comhinatiith at least
one other drug to avoid resistance [18]. The sefmchew, effective agents with a different meclsamiof action is
the most challenging, but the approach for disdogenew agents that may shorten the duration @ttimrent and
provide clarification to both the drug intolerarared drug-resistance harms [19].

Fluoroquinolones: The fluoroquinolones (FQs) are synthetic antibaatedrugs and in 1962, discovered by
Sterling-Winthrop Institute, as an impurity durirgynthesis of the anti-malarial drug chloroquine ][2Dhis
byproduct, nalidixic acid is used to treat Gramatéeg urinary tract infections.

0O
AN COOH

CH3
Nalidixic Acid

Fluoroquinolones (FQs) are deoxyribonucleic acicagg (DNA gyrase) inhibitors. These drugs are efective
against non-replicating, persistent mycobacteridimey are potentially useful and important for sapimg the
duration of TB treatment. Among the newer FQs,aheve been several clinical phase trials assetdsngtility of
moxifloxacin (400 mg/day) in place of any of thetfliine anti-TB drugs with different results. Addit of
moxifloxacin to INH, RIF and PZA did not affect 2emth sputum culture conversion. A small but nomiigant
increase in the week 8 culture negativity was reggbrA trial conducted in diagnosed sputum smeaitpe
pulmonary TB patients with moxifloxacin, gatifloxacr high-dose levofloxacin compared with INH fodays has
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shown good antibacterial activity that was almashparable to that of INH. The utility of substitgi gatifloxacin
or moxifloxacin for EMB or INH for reduced the tinoé treatment from the standard 6 months to 4 n®rithe results
of the clinical trial comparing the potential ofdawnoxifloxacin-containing therapy to reduced treaimn pulmonary
TB is likely to clarify the status of moxifloxacin the TB treatment [21-26].

Fluoroquinolones (FQ) like ciprofloxacin, ofloxacend moxifloxacin are second line anti-TB drugs duge
combination with first line anti-TB drugs to trelfDR-TB. The MIC of these FQs ranges from 0.12 fagy/nL.
Levofloxacin, L-isomer of ofloxacin is two time meactive as the parent drug. They compounds cadsefects
as central nervous system disturbances, gastrbirdeseactions and skin reactions. While gatiflcixa and
moxifloxacinare new FQ that offer advantages over ofloxacin@pibfloxacin. These new FQs moxifloxa@nd
gatifloxacin are the most advanced anti-TB compsundievelopment and showed promise to be therfest anti-
TB drugs [27-29].
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Fig. 1: First- and second-generation fluoroquinoloes compounds

In spite of good bioavailability and simple syntisesnalidixic acid has limited clinical use due its poor
pharmacokinetic profile and narrow antibacterialga [30]. The discovery of the first reported aatiterial FQs
was norfloxacin [31] and it showed 1,000-fold gezatintibacterial activity than nalidixic acid [33]3with

improved pharmacokinetic, longer half-life and imped solubility profile [32-34]. Norfloxacin and @ other
second generation FQs like ciprofloxacin [35], &#oin [36], and levofloxacin, which is S-isomer m@cemic
mixture of ofloxacin [36] and have relatively safied frequently prescribed drugs [30]. The develapnoé various
analogs with broader antibacterial activity, betsalubility and long half-lives [30,33], the thirdnd fourth
generations FQs, moxifloxacin [37], which has a&iguilydrophobic alteration at C(7), has been thetraoscessful.
Unfortunately, some third and fourth generation F@ge been limited or withdrawn due to rigorouseade effects
(Fig. 2) with temafloxacin, trovafloxacin, grepafirin and clinafloxacin [38,39]. Several new FQ® é&m

development such as gemifloxacin [40], and sitaftom [41] which showed activity against respiratpathogens
[30].
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98
Pelagia Research Library



Asif Husain et al Euro. J. Exp. Bio., 2015, 5(2): 96-109

O
HsC
HzN\CI/\I | W/\N
C

COOH

5

HN oC HA
Clinafloxacin (withdrawn) Gatifloxacin (not available in US)
CH; O N~ COOH
F COOH ~ |

N N
(\ o
HNW) A
CH
Grepafloxacin (withdrawn) Trovafloxacin (withdrawn)

NH, O

COOH |

T

HN
CH3 CH3
Lomefloxacin (black box warning) Sparfloxacin (no longer available in B)

Fig. 2: Third- and fourth-generation fluoroquinolone compounds

Recently new bacterial topoisomerase inhibitors TB with similar modes of action like previouskported FQs,
including GSK 299423 [42, NXL101 [43], and a seréddetrahydroindazoles [44,45]. These new FQs wamved
good in vitro activity against both Gram-positivedaGram-negative bacteria plus FQs-resistant strairey also
exhibited activity againg¥itb.
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Fig. 3: New DNA gyrase inhibitors
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While the activity profile of the FQs has not beeralyzed particularly fokl.tb, it is assume that many relationships
were found in other bacteria that will be applieats Mtb (Fig. 3). Alteration at Ncontrol activity, with electron-
deficient and sterically strained cyclopropyl ripging optimal, trailed by 2,4-difluoro-phenyl antiutyl [46]. This
substituent controls Gram-negative and Gram-pasigffectiveness, and 2,4-difluoro-phenyl group ewckd
activity against anaerobic bacteria. ThepGsition is near the DNA gyrase binding site, atetically undemanding
H atom at Ris optimal for activity [47]. The dicarbonyl group required for binding to DNA gyrase and is cai
for activity. Alteration at gcontrol activity [33,46,49] and active groups aneall electron-rich such as -NHOH,
and -CH [46].

Binds DNA gyrase;
< "Aff|eCtS potency;f ; required for transport

mall polar groups preferred,; intojbacteria

Affects activity spectruny ,_k_‘
Rge O O

Required for potency> F
oS OH
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ects potency and PKiw. g >y ™ N7 R, == group required

Determines activity spectrum =/

|
Affects activity spectrum and PK; Rl\ Electron-deficient and

Small, electron-deficient preferred sterically strained preferred
Fig. 4: Characterization of fluoroquinolones

In addition, G alterations affect activity against Gram-negatarel Gram-positive microbes. The F atom gt C
improves DNA gyrase inhibition effect [30,47] andncincrease the MIC value of the compound 100-tinuge
than other substitutions [46]. The most active stuents at @ have 5 and 6 membered nitrogen heterocycles, with
pyrrolidines rising activity against Gram-negatbvacteria and piperazines affecting activity agadBstm-positive
bacteria. The £position controls absorption and half-life. Theiopl alterations for in vivo effectiveness include
groups that cause an electron deficiesystem, i.e., N, CF, and CCI [49]. Various altenag that generate a,; kb

Cg bridges have been successful, i.e., ofloxacinlewafloxacin, which both exhibit considerable gyrashibiting
activity [47].

Mechanism of resistance:Fluoroquinolone resistance (FQ-R) Mtb is mainly connected with mutations in
preserved quinolone resistance-determining reg@RER) of gyrA andgyrB concerned with interaction between
drug molecule and DNA gyrase [11]. The degree ofFF@ stated by definite amino acid substitutionrQRDR.
The mutations ingyrA may give low-level resistance (MIC>2mg/l) [50], hitevel resistance to FQs regularly
requires multiple mutations igyrA, or simultaneous mutations gyrA andgyrB [50,51]. The most often observed
mutations linked with FQ-R iMtb are at positions Ala-90 and Asp-94 ggrA gene. Interestingly, mutations of
gyrA have been accounted to cause hyper susceptilnilEQR, mainly when present with other resistanctations
[52]. While mutations in the QRDR region gjrA are recognized in only 42—-85% of FQ-R clinical &ek, option
mechanisms of resistance are supposed to be preszuading the potential participation of effluximps [53]. The
FQs modify DNA topology and block replication byhihiting two crucial bacterial enzymes, DNA gyrase
topoisomerase Il and topoisomerase IV. The DNA sgr&ncoded by gyrA and gyrB, retain the intensitguper-
coiled DNA vital for efficient replication and is@imary target for the FQs in the majority Grangative bacteria
[54]. Topoisomerase-IV, encoded by parC and paactountable for decatenation of DNA subsequeicegion
and is the main target of the FQs in several Grasitipe bacteria [33,55]. Mycobacteria are uniqué¢hiat genome
sequence analyses have failed to recognize DNAgopwrase-IV [33]. The gyrA and gyrB are the metalgets
of the FQs inMth. The MIC for various FQs has determined for bigih H37Rv and clinical isolates dfltb. The
MIC values againsiMtb H37Rv for the clinically relevant FQs are showedl'able 1 and range from 0.1 to 5 mM
[56].
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Table 1. MIC data for fluoroquinolones (FQs) usedn treatment of Mtb [56]

FQs MIC (mM) FQs MIC (mM) FQs MIC (mM)
Ciprofloxacin 151 Moxifloxacin 0.16 Levofloxacin .25
Gatifloxacin 1.25 Ofloxacin 25 Lomefloxacin 5
Sparfloxacin 0.08

The FQs are well tolerated and causing mild adveffexts and seldom require discontinuation or geanin
therapy [39,57] (Table 2). The most common adveftects accounted include gastrointestinal upsstudbances
of the CNS, and some skin reactions [30]. Some rser@us adverse effects were reported with FQs.F®s were
linked with tendonitis and tendon rupture due ttlagen damage, in 2008 impelled a black box warrorgall
available drugs of this class and all FQs may cals®osensitivity [38]. For example, the existeréehalogen
atoms at gor G and a bulky side chain or methyl group gtsBowed the maximum potential for this effect [46].
The FQs can cause QTc interval prolongation by Kitag voltage-gated Kchannels, which has connected with
torsades de pointes syndrome, arrhythmia, cardicities and death. The severity varies on thesabstructural
changes and the amount of dose administered. @tiverse effects are hepatotoxicity, kidney and ldyesfunction
and dysglycemia [30,39].

Table 2. Notable side effects of some fluoroquinates [30,38]

FQs Adverse effect Implication FQs Adverse effects Implication
Ciprofloxacin Tendonitis or Black box Grepafloxacin  Cardiotoxicity Withdrawn
tendon rupture warning
. . Phototoxicity, . Tendonitis and Black box
Clinafloxacin hypoglycemia Development stopped Ofloxacin tendon rupture warning
Gatifloxacin Dysglycemia Oral ‘and injectable, not Temafloxacin hemolyt|c‘, _ renal failure, clotting Withdrawn
used in USA abnormalities
. Tendonitis/ Black box . . Withdrawn/
Levofloxacin ; Trovafloxacin  Hepatotoxicity L
tendon rupture warning limited use
Phototoxicity, . )
Sparfloxacin  QTc interval Not used in USA Moxifloxacin QTc—lnt_e_rvaI pro-longation, Black_ box
. tendonitis/tendon rupture warning
prolongation
Lomefloxacin Phototoxicity, Black box
CNS effects warning

Clinical Uses: The fluoroquinolones (FQs) have several pharmaetii features that have valuable for treating
TB. The oral bioavailability of many FQs is goodnging from 70-100 %, and the levels in the bloedking soon
after taken [58]. The FQs are cell permeable artdnsively distributed in all part of body, whichéssential for
killing intracellular microbes and treating pathogedisease. The later generation FQs has longrséalf-lives,
but these vary broadly, from 5.4 h for ciprofloxato 18.30 h for sparfloxacin [49]. Most FQs arearkd via the
kidneys [57].

Chelates diyalent cations

Influences photo-,
geno- and cardiotoxicityy

Rs

O O

May cause drug interactions;
influences genotoxicity

Ry

ControIL genotoxicity;

influences drug interactions, photoxicity

Fig. 5: Structural features of the fluoroquinolonecompounds [38,39,48]

From a chemical feature, levofloxacin and ciproflo have no substituents ag. Quinolones reveal that the, C
ring, G fluorine, N, cyclopropyl and the £substituents are attractive chemical featuresaigetingMtb gyrase
[59]. Newer FQs, are {£methoxy or chloro substituted. Quinolones with i@ethoxy groups showed greater
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synergistic effect than those lacking this grouptifoxacin and moxifloxacin will be discussed, #blger with
sitafloxacin, a @chloro derivative. They have lower MICs figitb than previous quinolones.

Tubercular patients with MDR-TB used one of FQsesond-line ant-TB agents in the treatment of TBluding
gatifloxacin, levofloxacin, moxifloxacin, or oflog@ [6,60]. In murine model studies [61-63], the sheffective
FQs are: moxifloxacin % gatifloxacin> levofloxacwifoxacin [64]. The aforementioned FQs, some stwudiave
examined the efficacy of sparfloxacin and lomefltirg65], while sparfloxacin emerge efficient foeating MDR-
TB, role for lomefloxacin in TB is unknown [65]. la mouse studies, moxifloxacin and gatifloxacin elieical
trials to find out whether they can reduce the tioneof therapy [66].

Effect of fluoroquinolones with other antitubercular drugs: Quinolones act by inhibiting DNA super coiling and
causing interference with transcription and DNAtbgsis. They inhibiting cell division and leadirmdell death by
inhibiting the topoisomerase enzymes [59]. Higheleresistance to quinolones occurs in many speiekjding
mycobacteria, via mutations in a short region df25pgyrA gene [67]. Strains with lower levels of resistadbk
not have mutations in gyrase. Mycobacteria are llysless susceptible to quinolones than most oeptbacteria
[68] and new quinolones are adequately active agjddtb infections [69]. Newer FQs have important advarines
therapy. In spite of this, some quinolones are w@sedecond line therapeutics against TB [70-72]thad activity
against MAC are relatively weak. The incidenceMib resistance to FQs is relatively low and theredscross
resistance to other anti-TB drugs. Quinolones aedlyobioavailable and their penetration into tissuand host
macrophages. Because of the low occurrence ofuseradverse effects, FQs may be used for long-tharapy,
especially for the patients coinfected with HIV.ejwill have to be used in combination with otheti-d B drugs
to evade development of resistance. The multidnegapy viz. ofloxacin plus PZA, ciprofloxacin plB$F or PZA,
ofloxacin or ciprofloxacin plus RIF plus INH givéi®-100 % positive response in the control of TB|[72

» Gatifloxacin is a @ methoxy substituted 6-FQ and exhibits excellertiviyg, particularly against gyrase
resistance mutants. Gatifloxacin was tested alomkim combination with several anti-TB drugs (EMBIKZA and
ethionamide (ETA) and compared to INH and RIF ushgrt (4-week) and long (12-week) long treatmesriqul
[61].

« Combination with EMB, PZA and ETA, gatifloxacin erges to have satisfactory activity alone and in
combination with ETA with or without PZA to havereern in the treatment of TB [73].

» Combination with macrolides against extracellulaA®] gatifloxacin was tested in combination with RBM,
and CAM and the activity against extracellular MA@s considerably attenuated by combination with B
CAM. The same action was obtained for ciprofloxaaimd levofloxacin. The macrolides are protein sgsih
inhibitors, the antagonistic action between thesimajones and CAM would be explained by the inlitst of
protein synthesis interfered with the lethal atyiwf FQs [74,75]. The observed antagonism betwe@s and RIF
might be connected to each drugs mode of inhibitRIigA synthesis [76]. These results suggest thah suc
combinations may not be effective in eliminatingragellular MAC organisms growing in the lesiongpatients.

» Combination with macrolides against intra-macrogh8AC, the antagonistic effect was not seen agairtist
macrophage MAC infection. The combination of FQspezially gatifloxacin and levofloxacin, and RIFvealed
additive effects. This combination could be usettéatment of MAC infections without lesions [7€ompare the
activity of G methoxy (gatifloxacin and moxifloxacin) to that Gf-halogeno quinolones (sitafloxacin), gatifloxacin
and sitafloxacin exhibited same levels of bactésitbis and/ or bactericidal effects against extiates and intra
macrophage MAC.

* Quinolone-resistant gyrase mutants revealed tgah€hoxy derivatives were more bactericidal tharbfmo
or Gg-h quinolones. The gatifloxacin and sitafloxacirvéanghe same MICs for quinolone resistant isolafedtb, it
depends on the substituent atdf the structure and not on thg €ibstituent [73].

» Low concentrations of moxifloxacin killeMitb more comprehensively than did gatifloxacin [77] duath FQs
were more active than levofloxacin. Alone and imbination with INH, macrolides, cycloserine and EMBthree
drug combinations containing moxifloxacin or gatiéacin plus INH and RIF.

» Combination with isoniazid exhibited bactericidaktigity higher than either compounds separatelydusethe
effects change little between the concentratio®.®fmg/l and 2 mg/l, becoming more lethal whendbecentration
of INH increases.

» Combination with macrolides: the RHpexifloxacin combination was more lethal than RIF alone, bdy erhen
the amount of RIF was low (0.1-0.5 mg/ml) [77].
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» Combination with cycloserine and capreomydine effects of moxifloxacin-capreomycin combinatiexhibit
greater activity than either alone, while cycloserhad modest effect on moxifloxacin activity.

» The combination with EMB, that alone has a littfleet againstMtb, reduces the lethal activity of moxifloxacin
by about 80%. In a murine model, neither capreomyair cycloserine affected the activity of moxifémin [78].
This interference is not limited tdtb but has little effect on bacteriostatic activityrl®s againsil. smegmatis.

e Three drug combinations containing moxifloxacin gatifloxacin plus INH and RIFthe G methoxy FQs
contribute lethal activity to combination treatmeint spite of the interfering of RIwith moxifloxacin lethality,
three drug combinations containing moxifloxacirgatifloxacinplus INH and RIFreduced the number dftb cells
by 4-10 times over the two drug combination of Rie INH.

« Sitafloxacinis a G-chloro quinolone [76], the activities of Sitaflmia were exhibited activity in combination
with other anti-TB drugs against extracellular amda-macrophag®itb, andM. avium complex.

» Combination withRIF against extracellular Mtb, increased the activity againétb.

» Combination with Rifalazil (KRM) against intra-ma@hageMtb enhanced the activity agairdtb.

» Combination with INH against intra-macrophadgb, Sitafloxacinpotentiates the activity of INH.

» Combination with CAM and RIFagainst extracellulaMAC, sitafloxacin was significantly attenuated by
combination with RIF and CAM.

» Combination with macrolides against intra-macrogh®&AC, the antagonistic effect was not noticed adains
intra-macrophage MAC infection.

» Combination with SM against extracelluldtb decreased the activity againétb.

» Combination withRIF against intra-macrophad#tb potentiated the activity of Rifampicin.

The activity of sitafloxacin againdtitb replicating within intracellular Mono Mac 6-Macegfe (MM6-Mps) a
human monocytic cell line and A-549 type Il humand epithelial alveolar cell line (A-549 cells) domparison
with other FQs [79]. The MM6-Ms and A-549 type Il are the cells that initiallycennter the pathogen, and they
represent a highly predictive test for activity[.76

Antimicrobial activities against intra-macrophadéb: the antimicrobial activities of sitafloxacin vigfloxacin and
gatifloxacinagainst intra-macrophadétb were considerably, dependent on their activitiesiregy extracellulaMtb
based on the MIC values (0.125 mg/mL, 0.06 mg/mR50ng/mL for gatifloxacin, Sitafloxaciand levofloxacin,
respectively), the order of activity is Sitafloxaegatifloxacin>levofloxacin. Sitafloxacin causesrgaete inhibition
of bacterial growth. These quinolones were addethea Cmax in the blood (1 mg/l, 1.7 mg/l, and 2/Inigr
sitafloxacin, gatifloxacirand levofloxacin), they exhibited bactericidal aityi against intra-macrophagdtb and
the efficacy order was gatifloxacin>Sitafloxacirevbfloxacin. If the test drugs were added at loe@rcentrations
(1/8 Cmax to 1/2 Cmax) the efficiency was in thdesrSitafloxacin>gatifloxacin>levofloxacin, as imetcase based
on the MIC values [80]. The MIC values of FQs aot always predictive of their activity against atellularMtb.

Efficacy of Sitafloxacinon intracellular mycobacteria in A-549 cells, comguhwith gatifloxacinand levofloxacin.
If the test quinolones were added at the MIC, Isitatin and gatifloxacincaused growth inhibition but not
levofloxacin. The order was Sitafloxacin> gatiflaka>levofloxacin. When the quinolones were addethatCmax,
the bactericidal activity was in the order gatifigin>sitafloxacin>levofloxacin, and if they weredad at lower
concentrations the order was sitafloxacin>gatiftomalevofloxacin. Both sitafloxacirand gatifloxacinat Cmax
caused the complete elimination of intracellb.

Other Quinolones: The introduction of nalidixic acid during 1962 hstsown the new path for bacterial infections.
The effort to increase the efficacy against baatestrains has led to identify new model quinolongéhe
introduction of norfloxacin, a FQ derivative hasanlged the background of antibacterial therapy. lieolone
drugs like ofloxacin, moxifloxacin, gatifloxacin drlevofloxacin are used as second line ant-TB drigny
researchers were evaluated quinolones for theiwT@hactivity. In this direction, a series of 1-gthand 1-aryl-6-
fluoro-1,4-dihydroquinol-4-ones were evaluated fomti-TB and cytotoxic activities. One compount) (vas
exhibited the preeminent MIC of 1 p56/mL againsitMtb and good selectivity index (SI=>40.06). Compounigas
potent anti-TB agent with an Bg£value of 5.7hg/ml [81]. Several 1-(cyclopropyl/2,4-difluorophéfiybutyl)-1,4-
dihydro-6-fluoro-7-(substituted secondary amina)»®quinoline-3-carboxylic acids were found potenti-dB
agent @), with MIC of 0.09M againstMtb. Compound2 decreased the mycobacterial load in lung and spleen
tissues at a dose of 50 mg/kg body weight [82-84].
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Some quinolones were observed for their potencinaganycobacterium species. Series of pyridoberziogs by
replacement of thé&-methylpiperazinyl group of Levofloxacin with diffent basic substituents to examined the
anti-TB activities. Compound3, which was a 2,8-diazabicyclo [4.3.0]nonanyl dative with relatively low
lipophilic and showed the most potent activity afd activity and activity was 4- to 32- times mqguetent than that
of levofloxacin. The increase in the lipophilicitf levofloxacin analogues contributed to enhancdnoémanti-TB
activities but that lipophilicity was not a criticéactor affecting the activity [85]. While in thexamination of
activity againsiM. kansasii, levofloxacin showed MIC value 0.12-0,2%mL while moxifloxacin showed the range
of MIC= <0.06-0.12g/mL. A series of lamivudine, prodrugs bearing fluguinolones (4) was evaluated for their
efficacy againstMtb. All compounds were exhibited an inhibition of 220% at a dose of 6.g28/mL [86,87].
While one compoundb] showed in vivo anti-TB activity by reducing thadberial load in spleen tissue and showed
moderately active in reducing bacterial count ileep [86,87]. Gatifloxacin derivatives)(were found more potent
in comparison to compourl Compoundé decreased the bacterial load in lung and splesndss[88,89]. Most
potent compound7§ which reduced bacterial load in lung and spléssues, at 25 mg/kg body weight [88,89. The
7-[4-(5-amino-1,3,4 thiadiazole-2-sulfonyl)]-1-piainyl-fluoroquinolone derivatives8é& and 8b) were showed
moderate anti-TB activity at MIC of 1@/mL compared to INH [90].
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The effect of nitro substitution on quinoline ringg series of 2-(sub)-3-fluoro/nitro-5,12-dihydro-5-
oxobenzothiazolo[3,2-a]quinoline-6-carboxylic acidere evaluated for anti-TB activities agaihdt, MDR-TB,
and M. smegmatis. Among these compounds, 2-(3-(diethyl carbamoylepiin-1-yl)-)-3-fluoro-5,12-dihydro-5-
oxobenzothiazolo[3,2-a]quinoline-6-carboxylic a¢®) was found to be the most active with MIC of 0.4&d
0.08uM againstMtb and MDR-TB. Compoun® decreased the bacterial load in lung and splesodssat the dose
of 50 mg/kg body weight [91-93]. The 6-nitroquinoé (L0) was found to be the most active compound in vitro
with MIC of 0.08 and 0.1M againstMtb and MDR-TB. Compound0 reducedthe bacterial load in lung and
spleen tissues at the dose of 50 mg/kg body w§edght

9 10

A series of [1,2,3]Triazolo[4,5-h]quinolones weneakiated for their anti-TB activity againsttb and some other
clinically isolated strains dfitb able with different drug resistance. Among all, gound11 was exhibited highest
activity against all strains with a MIC of Qu§/ml [95]. A series of [1,2,3]Triazolo[4,5-h]quirmies, compounds
12aand12b were exhibited better activity with MIC in the range 25t16.0pg/mL againstMtb and other clinical
isolates of MDR-TB The results exhibited that [1,2,3]-triazolo[4kuinolones were able with an tremendous
activity against MDR-TB strains with no cytotoxigit95].

0
O,N COOC,Hs
|
HsC-N N
N=N R

11: R=C;Hq 12a: R=GHs 12b: R=CH,CH=CH.,

New quinolones as anti-TB agents, many quinolonialéves were evaluated for their in vitro activdgainstitb
and MDR-TB. The most potent compouf8 was exhibited MIC value 0.18M and 0.09M againstMtb and
MDR-TB and decreased the bacterial load in lung splden tissues at a dose of 50 mg/kg body weRftHOB].
Compoundl4 reducedthe bacterial load in lung and spleen tissues [@#jle compoundl5 reduced the bacterial
load by 30% and 42%, respectively, at a dose ofnfflkg body weight [91-93]. The 1-(cyclopropyl/2,4-
difluorophenyl/ tert-butyl)-1,4-dihydro-8-methyl4titro-4-oxo-7-(substituted-secondary-amino) quinei3-
carboxylic acids, most active compourdd) was showed MIC of 0.4gM and 0.09uM againstMtb and MDR-TB
[94] and 7-(3-(diethylcarbamoyl)piperidin-1-yl)-dxopropyl-6-fluoro-1,4-dihydro-4-oxoquinoline-34tzoxylic
acid (L7) was exhibited promising MIC of 0.08M againstMtb and MDR-TB. Compoundl7 decreased the
mycobacterial load in lung and spleen tissues sy at a dose of 50 mg/kg body weight [94]. Mimxacin
and gatifloxacin derivatives were evaluated agalitt and the most active compound8( was exhibited MIC
value 0.3Lig/mL [96].

105
Pelagia Research Library



Asif Husain et al Euro. J. Exp. Bio., 2015, 5(2): 96-109

NO, O H5CO NO
F COOH 2
| COOH
SR
N
\ / OCH
HOOC

0 O,N COOH
O,N COOH |

| Y N

i W -

HOOC

15

(CoHs)oN )KQ N C1gH21HN(H,C)gHN

A OCH

18

Fluoroquinolones (FQs) are used as second-lineTBntirugs in the treatment of MDR-TB. Ciprofloxacamd
ofloxacin are derivatives of the parent compountidinéc acid, discovered as a by-product of theiraatarial
chloroquine. Newer-generation quinolones like moxgcin and gatifloxacin were evaluated in clinitals and
proposed as first-line antibiotics with the purpe$eeducing the length of treatment of TB [97,98]he FQs are
acts by inhibiting the topoisomerase-ll (DNA gyrpsend topoisomerase-1V (critical enzymes for baater
viability). The proteins are encoded by the gegg#\, gyrB, parC andparE. In Mth, only DNA gyrase is present
and thus it is the only target of FQ activity [SBINA gyrase is a tetramer formed by twandp subunits, coded by
gyrA andgyrB, which catalyzes the super-coiling of DNA [67].€Tmechanism of development of FQ-resistance in
Mtb is by chromosomal mutations in quinolone-resistagetermining region oflyrA or gyrB [99,100]. The FQ-
resistance-linked gyrase mutationdMib have been reported. Thtb is the presence of a natural polymorphism in
gyrA that is not related to FQ-resistance and FQ-suideptrains. The concurrent event of mutations A &hd
A90G in gyrA led to hyper susceptibility to various quinolon&9][ This finding point out that problem of FQ-
resistance iMtb might be more complex than was thought initiallg,[B01].

Drug resistance emerges as a result of spontangenes mutations iM. tuberculosis that render the bacteria
resistant to the commonly used anti-TB drugs. Thedard treatment of TB calls for a 6 month therapyour
drugs that in the case of MDR-TB is extended to2#8months involving second-line drugs. This makafiliment
with the treatment therapy very challenging and tates of non-adherence could be high, resultingpaor
outcomes and further spreading of MDR strains [10®]better knowledge of the mechanisms of drugstasce of
Mtb and the relevant molecular mechanisms involvedimifirove the available techniques for rapid drugistance
detection and will help to explore new targetsdnrg activity and development.

CONCLUSION
Tuberculosis (TB) has been a leading cause of dédte emergence of multidrug-resistant (MDR-TB) and

extensively drug-resistant (XDR-TB) TB has beer#ibening to destabilize TB control. There is arentgieed for
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new anti-TB drugs that are more effective and hags toxicity. Newer fluorogquinolones and relatesnpounds
have been shown to improve the activity of standenitTB treatment regimen when substituted fastfiine anti-
TB ethambutol and to shorten the treatment timerirg-susceptible TB. There is a great hope inmgiromising
antitubercular agents in near future as the cunresgarch focuses on developing novel agents hgatgntial,
selective and newer mechanisms of action.
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