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Tuberculosis (TB) has been one of the main causes of morbidity, and the
emergence of multi-drug resistant (MDR) Mycobacterium tuberculosis
strains has become a major concern. The decrease in activity of the major
anti-TB drugsincluding, isoniazid, and rifampicin is an important threat that
requires an urgent therapy. Anti-TB activity of the fluoroquinolones (FQs)
has been under investigation. Many FQs are active in vitro; however, only a
few such as ofloxacin, ciprofloxacin, sparfloxacin, levofloxacin, Moxifloxacin,
and gatifloxacin have been clinically tested. The FQs can be used in co-
therapy with the available anti-TB drugs. Molecular hybridization is a
concept of drug design and development based on combination of
pharmacophoric moieties of various bioactive compounds to produce a new
hybrid compound with improved affinity and efficacy compared with the
present drugs.
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Introduction

Currently the World Health Organization
(WHO) only recommends fluoroquinolones
(FQs) for people with presumed drug-sensitive
tuberculosis (TB) who are not able to take
standard first-line drugs. However, use of FQs
could shorten the length of the treatment. This
review summarizes the effects of FQs in first-
line regimens in people with presumed drug-
sensitive TB. Ofloxacin,
moxifloxacin, and gatifloxacin have been tested
for the standard first-line regimens based on

levofloxacin,

the rifampicin and pyrazinamide for the
treating drug-sensitive TB. There is insufficient
evidence on whether addition or substitution of
FQs for ethambutol or isoniazid in the first-line
regimen reduces death or changes the culture
conversion after eight weeks. Much larger trials
with FQs in short course regimens of four
months are currently in progress [1-5]. Among
the new compounds that have been tested for
their efficacy in TB treatment, the FQs are the
first novel drugs since they show a significant
activity against the Mycobacterium tuberculosis

(Mtb). Currently, FQs are used as anti-TB agents
in MDR-TB. The FQs are not included at present
in the first-line treatment of TB; however, that
might change in the future to shorten the
treatment duration. The newer FQs, MXF, and
gatifloxacin have shown antitubercular activity
associated with a probability of
emergence of resistance [6-8].

The design of new drugs with better
physiochemical properties, adequate
absorption, distribution, metabolism, and
excretion along with effective pharmacologic
potency and lack of toxicity for the treatment of
infectious diseases has suffered a continuous
decrease. Development of such molecular
frameworks with synthetic selectivity and

lower

economic accessibility still represents a big
challenge for pharmaceutical sector, demanding
continuous efforts. An emerging strategy within
medicinal chemistry and drug discovery is a
combination of two distinct pharmacophores
molecule, which is well

into a single

documented as molecular hybridization [7, 8].
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Figure 1. Structure of antitubercular fluofoquinolone derivatives

Moxifloxacin

Moxifloxacin (MFX) is fourth-generation
synthetic FQs (initially called BAY 12-8039).
The MFX is used eye drops for treatment of the
conjunctivitis (pink eye). Its antibacterial
spectrum includes enteric Gram-(-) rods
(Escherichia coli, Proteus species, Klebsiella
species), Haemophilus influenzae, atypical
bacteria (Mycoplasma, Chlamydia, Legionella),
and Streptococcus pneumoniae, and anaerobic
bacteria. It differs from earlier antibacterials of
the FQ class
ciprofloxacin in having greater activity against
the Gram-positive bacteria and anaerobes. Due
to the potent activity against the common
respiratory pathogen Streptococcus
pneumoniae, FQs is considered a respiratory
quinolone. MFX is used for treatment of acute

such as levofloxacin and

bacterial sinusitis, acute bacterial exacerbation
of chronic bronchitis, community acquired
pneumonia, complicated, and uncomplicated
skin and skin

structure infections, and

complicated intra-abdominal infections. MFX

may cause muscle weakness and life-
threatening breathing problems. MFX is used to
treat many infections including, chronic
bronchitis, acute bacterial sinusitis, community
acquired respiratory  tract
infections, cellulitis, anthrax, intraabdominal
infections, endocarditis, meningitis, and
tuberculosis. In ophthalmology, MFX is
approved for the treatment of conjunctival
infections caused by susceptible bacteria [9-13].

The excellent in vitro activity of MXF
translates into activity in the human host.
Structure of Moxifloxacin is shown in Figure 1.
Results of a comprehensive preclinical
evaluation of the safety of MFX are consistent
with those reported for other fluoroquinolones.
Most of the findings (such as arthrotoxicity in

juvenile animals and CNS toxicity) that have led

pneumonia,

to restrictions in the use of quinolones in
general were also observed with MFX. In
addition, MFX has a good EBA against MTB in
patients with drug-susceptible TB. Its extended
EBA activity from days 2 to 7, a putative
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surrogate marker of sterilizing activity, may be
slightly higher compared with that of the INH
[88-90]. Substitution of MFX for INH in the
standard regimen increased potency and
reduced the course of TB therapy to 4 months
or less. In contrast, substitution of MFX for EMB
in the standard regimen did not have any effect
on 2-month sputum culture status, which
increased the frequency of negative cultures at
earlier time points among patients with the
smear-positive PTB. Therefore, MFX has
sterilizing activity, instead insufficient activity
when used in the manner evaluated in this trial
(i.e., added to INH, RIF, and PZA) to support
treatment shortening based on the surrogate
marker of 2-month culture conversion [14-16].

Gatifloxacin

Gatifloxacin is an antibiotic of the fourth-
family  [1],
inhibiting the bacterial enzymes DNA gyrase
and topoisomerase IV. Gatifloxacin is used for
treatment of the respiratory tract infections.
Gatifloxacin is also available as tablets and in
various aqueous solutions for intravenous
therapy. Therefore, the systemic exposures
resulting from the gatifloxacin ophthalmic
solution are not likely to pose any risk for the
systemic toxicities [17-19].

Gatifloxacin has also excellent EBA, only
slightly less than that of the INH, and greater
extended EBA. Gatifloxacin was evaluated alone
and in combination with ethionamide, PZA, and
EMB. Ethionamide appeared to be the most
promising single agent used in combination
with ratifloxacin. Gatifloxacin-ethionamide-PZA

generation  fluoroquinolone

and EMB would likely be an effective regimen
for treatment of MDR-TB. In the Randomized
Clinical Trial that was conducted by substituting
EMB for new drugs in the standard regimen, the
response at the end of treatment was uniformly
high in all regimens, with 95%-98% of the
patients treated with a thrice-weekly 4-month

gatifloxacin and MFX regimens, respectively,
which became culture negative at the end of
treatment, compared to 97% in the standard
regimen [20-22].

DC-159A

The DC-159a is a newly synthesized broad
spectrum 8-methoxy fluoroquinolone (8-CH3s-
FQ) with a potent activity against quinolone-
resistant (QR) and the multidrug resistant
(MDR-TB). This compound has potent activities
against various respiratory pathogens such as
QR strains.DC-159a exhibits high inhibitory
activity against the altered DNA gyrases with
substitutions Ala90Val andAsp94Gly in GyrA as
well as wild-type enzyme of M. tuberculosis
(Mtb), DNA replication. A G88C mutation in
GyrA is one of the key alterations to acquire DC-
159a resistance in Mtb mutants in vitro. DC-
159a showed better in activities against QR-
MDR-TB than some other FQs. DC-159a has
MIC90 0.06 pg/mL against Mth, which is 4 and 8
times lower than that of the MXF and
levofloxacin (LVFX), respectively. The MICqg of
DC-159a was 0.5 pg/mL against the clinical
MDR-TB isolates which are resistant to other
FQs (MXF and LVFX MICq is 4 and 16 pg/mlL,
respectively) [23-26].

Delafloxacin

Delafloxacin (code name RX-3341), a FQ
antibiotic, is more active (lower MICq) than
other quinolones against Gram-positive
bacteria such as MRSA. In contrast to the most
approved FQs, which are zwitterionic,
delafloxacin has an anionic character, resulting
in a 10-fold increase in delafloxacin
accumulation in both bacteria and cells at acidic
pH. This property is believed to confer
delafloxacin an advantage for the eradication of
Staphylococcus aureus in acidic environments,
including intracellular infections [27-29].
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Sparfloxacin

Sparfloxacin is a FQ antibiotic used in the
treatment of bacterial infections. It has a
controversial safety profile. The compound is
indicated for treating community-acquired
respiratory tract (acute
sinusitis, exacerbations of chronic bronchitis
caused by susceptible bacteria, community-
acquired pneumonia). Sparfloxacin, like other
quinolones and FQs, are bactericidal drugs,
actively killing bacteria. Quinolones inhibit the
bacterial DNA gyrase or the topoisomerase IV
enzyme, thereby inhibiting the DNA replication
and transcription. Quinolones can enter cells
easily and therefore are often used to treat
intracellular pathogens such as Legionella
pneumophila and Mycoplasma pneumoniae. For
many gram-negative bacteria DNA gyrase is the
target, whereas topoisomerase IV is the target
for many gram-positive bacteria [30-35].

lower infections

Levofloxacin

Levofloxacin (isomer of oflaxacin) is
a second-generation FQ synthetic compound,
which has a broader spectrum analog
of norfloxacin.  Ofloxacin treat bacterial
sinusitus, bacterial exacerbations of bronchitis,
community-acquired pneumonia,
uncomplicated skin infections, complicated
urinary  tract infections, and acute
pyelonephritis.  Levofloxacin is  thelevo
isomer of the racemate ofloxacin. In chemical
terms, levofloxacin, a chiral fluorinated
carboxyquinolone, is the pure (-)-(5)-
enantiomer of the racemic of loxacin [36-38].
Fluoroquinolone (FQs), abroad-spectrum
antibiotic, is against both Gram-
positive and Gram-negative bacteria. However,
the choice of FQs should be based not only on

active

the in vitro activity, but also on the long-term
tolerance. The FQs are novel anti-TB drugs to be
used when a patient is infected with a MDR-TB

strain. Like all quinolones, FQs acts by inhibiting
the two type-II topoisomerase enzymes, namely
DNA gyrase and topoisomerase-IV.
Topoisomerase-1V is necessary to separate DNA
that has been replicated (doubled) prior to
bacterial cell division. If the DNA is not
separated, the process will be stopped, and the
bacterium cannot divide. DNA gyrase, on the
other hand, is responsible for supercoiling the
DNA, so that it will fit in the newly formed cells.
Both mechanisms amount to killing the
bacterium. In this way, fluoroquinolone acts as
a bactericide. Eukaryotic cells do not contain
DNA gyrase or topoisomerase IV [39, 40].

Molecular hybridization

Molecular hybridization is a molecular
modification approach to obtain multiple-
ligands compounds with pharmacokinetic
advantages over concomitant administration of
two different drugs [7, 8]. The advantages of the
multiple ligands are their ability to activate
different targets by a single molecule, thereby
increasing therapeutic efficacy and to change
the bioavailability profile in the cell and be
effectively eliminated after exerting their effects
[41]. Hybridization process is related to the
strategy of obtaining a mutual prodrug, with the
main difference being that the prodrug action is
dependent on its in vivo cleavage while hybrid
compounds can also act “per se” at their specific
receptors or targets. Hybrid compounds can be
constructed by linking pharmacophore
subunits directly or with spacer agents. The
simple association of two distinct active
principles can also be considered as a hybrid
compound [42]. Molecular hybridization is a
drug design and development based on the
combination of pharmacophoric moieties of
different bioactive substances to produce a
hybrid compound with improved affinity and
efficacy, when compared to the parent drugs.

Additionally, this strategy can result in
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compounds presenting the modified selectivity
profile with different and dual modes of action
and hence reduced the undesired side effects.
The molecular hybridization of more than one
biolabile moiety is an organized and chief
technique to expand the vicinity of medicinal
chemistry research. It involves the combination
of separate pharmacophoric groups of
analogous activity into one compound, causes
substantial changes in the biological activity.
Molecular hybridization
modification strategy useful in the design of
new optimized ligands and prototypes with
new molecular architectures composed of two
or more known bioactive derivatives, through

is a structural

the adequate fusion of these sub-unities [43-48].

In recent years, medicinal chemists have
modified the quinolone scaffold to develop
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with fascinating anti-
A
number of modifications have been made on the
benzenoid ring (C-5, C-6, C-7 and C-8 positions)
of quinolone to optimize its pharmacology;
however, modifications on the pyridinone ring
(C-2, C-3 and C-4) are still less common (Figure
2) [49-52]. On the other hand, new chemical
entities are also in progress based on
optimization of Isonicotin-ylhydrazine (INH)
with various chemical scaffolds to get better
anti-tubercular activity. In spite of the immense
pharmacological of  quinolone
derivatives and INH, not many research studies
have been conducted on synthesis of a
heterocycles incorporating and evaluating their
anti-microbial and anti-tubercular activities

[53-59].
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Figure 2. Pharmacological effects of quinolone derivatives

Biquinolone-isoniazid hybrids were
designed (Figure 3) based on molecular

hybridization technique and synthesized via

multicomponent
approach [58, 59].

cyclocondensation (MCC)
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The synthesized compounds were screened
for their anti-microbial and anti-tubercular
activities. Certain hybrid molecules exhibited
excellent anti-microbial activity compared with
that of the standard drugs; whereas few
molecules displayed 99% inhibition against
Mycobacterium tuberculosis bacteria.

Conclusion

Fluoroquinolone derivatives are known as
the promising anti-infective agents. Various
substituted fluoroquinolone derivatives have
been effective against the gram negative, gram
positive and resistance bacteria strains as well
as Mycobacterium tuberculosis. These drugs
have DNA gyrase, inhibiting the bacterial
growth. Fluoroquionlones have attracted a
great deal of attention due to their good
penetrability, and
relatively low incidence of adverse and toxic
effects. They are effective in treatment of

bioavailability, tissue

diseases. This review

significant

various infectious

presented some information

COOR
* Molecular Hybridization
R, L D>

regarding the

therapeutic
fluoroquinolones as atitubercular agents.

prospects  of
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