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Abstract

Fluoroquinolones are important antimicrobial agents that have demonstrated activity against a wide range of
Gram-positive and Gram-negative organisms and have proved useful against micro-organisms that are
resistant to other antibacterial agents. Examples are Gatifloxacin, moxifloxacin, ofloxacin, pefloxacin,
levofloxacin with new ones entering the market. This review is focused on fluoroquinolone especially
ofloxacin. Quinolones, that all the clinically useful bear a fluorine group at the C-6 position and such
quinolones are described as fluoroguinolones. They have a very good pharmacokinetic profiles and attain
appreciable concentrations well above their MIC’s in biological tissues.

The fluoroquinolones have been analyzed by various methods which have been described in different works
of literature. This review needful in fluoroquinolone research and development, both in bulk and
pharmaceutical dosage forms as well as their determination in biological fluids. However, increased
prescribing has led to the recent emergence of fluoroguinolone-resistant bacteria which has necessitated the
search of newer drugs with efficacy against resistant strains and efforts are on worldwide in this direction.
The present review explores active ofloxacin derivatives having different biological activities published
during the last 15 years, also critical aspects of structures concerning to biological activities. The present
work gives the potential use of novel ofloxacin and fluoroquinolone derivatives.

Keywords: Fluoroquinolone analogs, ofloxacin analogs, synthesis, structures, biological activities,

analytical studies.
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Introduction

Fluoroquinolones are synthetic antibacterial agents are useful for the treatment of tubercular infections,
respiratory infections, typhoid fever, urinary tract infections, respiratory infections, sexually transmitted
diseases, bone joint infections, community-acquired pneumonia, acute bronchitis, and sinusitis.
Fluoroquinolones contain two-ring structures in which there is a substitution at position N-1; most of the
current agents have a carboxyl group at position 3, a keno group at position 4, a fluorine atom at position 6
and a nitrogen heterocyclic moiety at the C-7 position.* Piperazine at C-7 position has resulted in a wide
range of clinically useful fluoroquinolone antibacterial agents, namely gemifloxacin norfloxacin,'®?
ciprofloxacin, moxifloxacin, ofloxacin, pefloxacin,®® gatifloxacin, levofloxacin. Fluoroquinolones with 7-
piperazinyl moiety and 3-carboxylic acid, 5-position methylene bridge derivatives have been reported to
possess potent antibacterial and other activities. Levofloxacin is a chiral version of the ofloxacin drug.

Ofloxacin and norfloxacin behaved similarly in the effect of urine, serum, inoculum size, bactericidal

properties. Ofloxacin activity is 5 times greater than that of pefloxacin and norfloxacin,?
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Fig: 1 fluoroquinolone derivatives.
Novel ofloxacin derivatives: Synthesis, antimycobacterial and toxicological evaluation
Thirty novel compounds were synthesized and have been evaluated for In vitro and In vivo
antimycobacterial activities against MTB, MDR-TB, and MC2 and tested for the ability to inhibit the
activity of DNA gyrase from mycobacteria. Among the synthesized compounds, the most active compound

In vitro with MIC99 of 0.19IM and 0.09IM against MTB, MDR-TB. Animal models (In vivo) for the same
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compounds decreased the bacterial load in lung and spleen tissues. Few Compounds are more active in the

inhibiting activity of DNA gyrase with an IC50 of 10.0lg/ml. The results gave importance to develop novel
oxazine quinolone analogs against mycobacterial infections. Biological activity: Anti-mycobacterial activity

against MTB, MDR-TB, mc2, cytotoxic evaluation, phototoxic evaluation has been performed.’

OH

Ry N

o
\)\ fluoroquinolones

Fig: 2 General structure of ofloxacin and fluoroquinolone derivatives.
Design, Synthesis and Antibacterial Evaluation of Novel Fluoroquinolone and its Derivatives
Gatifloxacin isomers are series of derivatives that were designed and synthesized and evaluated for their
antibacterial activities(In vitro). These results indicated that the tested compounds showed excellent MIC
activity against staphylococcus epidermis, Klebsiella pneumonia. Compounds have been found to exhibit the
most prominent activity against tested strains. From these results some tested compounds selected as a

potential drug candidates for further evaluation.
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Fig: 3 Gatifloxacin derivatives.

Biological activity: antibacterial activity: synthesized compounds exhibit potent antibacterial activity against
S.aureus, S.epidermidis, and E.coli, P.aeruginosa, K.pneumoniae. The MIC values were determined by
comparing its isomer gatifloxacin as standard drug.*

Synthesis and antibacterial activity of novel levofloxacin derivatives containing a substituted
thienylethyl moiety

The purpose of this study is Piperazinyl quinolones such as levofloxacin substitutes are important quinolone
antimicrobials that are widely used in the treatment of various infectious diseases. We synthesized new

compounds of levofloxacin derivatives and antibacterial activities have been studied.
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Fig: 4 levofloxacin derivatives.
R= thiophen-2-yl, thiophen-3-yl, 5-chloro thiophen-2-yl, 5-bromothiophen-2-yl. Y=0, NOH, NOCHj,

NOCH,Ph.

Biological activity: Antibacterial activity: compounds were screened for their antibacterial, gram-positive
bacteria and gram-negative bacteria by conventional agar dilution method reference drug levofloxacin, N-
dimethyl levofloxacin. The MIC values were obtained reveals higher susceptibility for gram-positive and
lower for gram-negative bacteria. The MIC values of ketones and oximes showed better activity than the
standard drugs. Thus introduces structural features of levofloxacin analogues for development of the new
drug in the field of anti-Gram-positive chemotherapy.”

Correlation between GyrA Substitutions and Moxifloxacin, Ofloxacin, Levofloxacin Cross-Resistance
in Mycobacterium tuberculosis

The new fluoroquinolones moxifloxacin and levofloxacin are becoming more common drugs of tuberculosis
treatment regimens. The critical concentrations for testing susceptibility of MTB to moxifloxacin and
levofloxacin are not established. Also besides, the degree of cross-resistance between ofloxacin and new
fluoroquinolones has not investigated properly. In this study, the MICs for moxifloxacin and levofloxacin
and susceptibility to a critical concentration of ofloxacin were determined using the agar method for MTB
(133 isolates). The mutations present within the gyrA QRDR compared with MICs, and the moxifloxacin
and levofloxacin resistance level was dependent on the specific gyrA mutation. Substitutions resulted in
low-level moxifloxacin resistance. Based on these results, a critical concentration of 1g/ml is suggested for

levofloxacin and 0.5g/ml for moxifloxacin drug susceptibility testing by agar proportion.®
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Fig:5 Levofloxacin and moxifloxacin structures.
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Synthesis and anti-HIV activity of arylpiperazinyl fluoroquinolones: a new class of anti-HIV agents

Synthesis and anti-HIV activities of a new series of arylpiperazinyl fluoroquinolones are reported. In this
study, the aryl substituents on the piperazine nitrogen were played an important role for the anti HIV-1
activity.* A few compounds exhibited potent anti-HIV activity and have been tested in infected cells.

Biological activity: inhibitory activities of IC 50 and CC 50 has been calculated.’
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Fig:6 Synthesis of arylpiperazinyl fluoroquinolones.
Biological Activity and Synthetic Methodologies for the Preparation of Fluoroquinolones, a Class of
Potent Antibacterial Agents
Different synthetic methodologies for the preparation of fluoroquinolones®® and their biological properties
have been studied. Fluoroquinolones have a wide spectrum of activity against Gram-positive, Gram-

negative, mycobacterial organisms, anaerobes.
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Fig:7 Trovafloxacin and Enoxacin
Biological activity: Despite the antibacterial activity of fluoroquinolones, which also inhibits Mammalia
topoisomerase-Il as potential lead compounds in the development of anticancer drugs, they also showed
great anti-HIV activity and inhibit the transcription of HIV-1. Trovafloxacin a fourth-generation
fluoroquinolone also shown In vitro antimalarial activity.
Novel Levofloxacin Derivatives as Potent Antibacterial Agent

A new series of fluoroguinolones derivatives of levofloxacin were synthesized and evaluated against Gram-

positive and Gram-negative organisms. The results showed that compounds are strong antibacterial agents.
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All the synthesized compounds showed good activities against Staphylococcus epidermidis, Staphylococcus

aureus.
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Fig:8 Levofloxacin derivatives.
Biological activity: the minimum inhibitory concentration (MIC) of compounds was determined by agar
dilution method against four gram-negative and four gram-positive bacteria along with levofloxacin® for
comparison. The MIC values were determined.®
Synthesis and Antibacterial Activities of Optically Active Ofloxacin
Two optically active isomers of ofloxacin (+-) were prepared by the use of their optically resolved synthetic
intermediates. One of the isomers, (-)-ofloxacin is 8-128 times more potent in inhibiting the multiplication
of gram-positive and gram-negative bacteria than the other, (+)-ofloxacin is approximately two times more
active than the racemate. Biological activity: Anti-bacterial activity, the MIC of compounds determined by

two-fold broth dilution method.*°
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Fig:9 Ofloxacin derivatives.

Synthesis and anti-tubercular activity of ofloxacin derivatives
A new series of ofloxacin derivatives were prepared and screened for their antimycobacterial activity.

Among the synthesized compounds, some derivatives exhibited significant antimycobacterial activity.
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Biological activity: All synthesized compounds were evaluated for their antibacterial and antifungal and

antimycobacterial activity."*

Fig:11 Ofloxacin different derivatives.
Synthesis and biological screening of fluoroquinolone antibiotic derivatives
Fluoroquinolone antibiotics play an important role in the medicinal field with so many pharmacological
activities such as anti-fungal, anti-microbial, anti-viral, anti-HIV, anti-diabetic and anticancer activity®. The
clinically useful drugs are used in the treatment of microbial infections and other activities encouraged the
development of some more potent compounds. Finally, the preparation of Fluoroquinolone derivatives®®®
and will have a positive impact on the Indian pharma industry by reducing the production cost, reducing

production time and ecofriendly, when compared with the synthesis of antibiotic drugs by mannich reaction.
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Fig: 12 Synthetic scheme of fluoroquinolones.
Biological activity: the antibiotic activity of synthesized compounds was determined by the zone of
inhibition method. these drugs inhibits the bacterial action of a different organisms like B.Sbtilis, E.coli,
K.Pneumonia, and S.aureus. The results of MIC of antibiotic was more for synthesized derivatives when

compared to that of marketed derivatives based on the zone of inhibition values.*?
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Synthesis and Antibacterial Evaluation of new Ofloxacin-Chalcone derivatives Conjugates as Possible

Mutual Prodrugs

To synthesize ofloxacin-chalcones conjugates as possible mutual prodrugs of enhanced antibacterial activity
and evaluate activity against different strains of bacteria. Two chalcone derivatives have been synthesized
using Claisen—Schmidt condensation of p-hydroxy acetophenone with p-fluorobenzaldehyde and p-
bromobenzaldehyde using thionyl chloride, ethanol as a catalyst to obtain finally a fluorinated chalcone
derivative and a brominated chalcone derivative. These synthesized chalcones were reacted with ofloxacin
to obtain two possible mutual prodrugs that evaluated for its antibacterial activity against gram-positive and
gram-negative bacteria in comparison with standard antibiotics: ofloxacin and ciprofloxacin using a disc
diffusion method. FTIR Spectroscopy, elemental microanalysis, other properties have been used to find the
structure of the synthesized compounds. These conjugates with ofloxacin were showed increased
antibacterial activity in comparison with standard ofloxacin and ciprofloxacin using culture sensitivity test

model on gram-positive and negative bacteria. Chalcones can enhance the activity of Fluoroquinolones.*®
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Fig: 13 Synthesis of ofloxacin-chalcone conjugate
Synthesis and biological evaluation of tetracyclic fluoroquinolones® as antibacterial and anticancer
agents.
Synthesis of compounds was achieved via Stille arylation of 7-chloro-6-fluoro-8-nitro-4-oxoquinoline-3-
carboxylate and a subsequent microwave-assisted phosphite-mediated Cadogan reaction. In vitro
antimicrobial and antiproliferative activities tested for new compounds. The ability of compounds to inhibit

the activity of DNA gyrase and topoisomerase IV was also investigated. The thieno isostere compound is the
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most active antibacterial. The 9-fluoro derivative compound was most potent against MDR staphylococci.

Some Compounds showed growth inhibition against MCF-7 breast tumor and A549 non-small cell lung
cancer cells coupled with an absence of cytotoxicity toward normal human-dermfibroblasts. Compounds
showed the most active anticancer against MCF-7 cells, with greater potency than ellipticine. Active

compounds used as dual-acting for anticancer and antibacterial chemotherapeutics.

Fig: 14 Newly synthesized fluoroquinolones general structure.
Biological activity: the antimicrobial activity of novel heterocyclic compounds was assayed against 16
standard microorganisms of gram-positive, gram-negative bacteria, yeasts, molds. The inhibitory activity of
compounds against bacteria is summarized with results obtained for commercial quinolones ciprofloxacin,

levofloxacin, moxifloxacin, gemifloxacin used as reference drugs.™

Fig:15 Synthesis of ofloxacin®
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Synthesis, Characterization and Biological Evaluations of Ciprofloxacin Carboxamide Analogues.

The synthesis of various analogs of ciprofloxacin by introducing a new functional group at C-3 of the
carboxylic group is esterified and then subjected to various aromatic amines. Structural analogs were
confirmed by different techniques IR, 1H NMR, and mass spectrometry. Biological activity: antibacterial
activity: the In vitro of 3-substituted carboxylic acid against gram-positive and gram-negative organisms
along with parent drug. antifungal activity: ciprofloxacin is antimicrobial drug and inactive against fungi
only moxifloxacin and gatifloxacin showed activity against Candida species, the antifungal activity was
carried out against various fungi. From the result, we found that some compounds got enhanced activity

against fusarium solanum, candida albicans.'®
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Fig:16 Synthetic pathway of ciprofloxacin derivatives
Compound 3a R=aniline.3b R=Toluidine.3c R=o0-amino phenol, 3d R=3-amino phenol 3e

R=phenylenediamine, 3f R=anisidine, 3g R=alpha napthylamine 3h R=phenyl hydrazine, 3i r=benzamide, 3]
R=phthalimide.

Synthesis, characterization, antibacterial, antifungal, and immunomodulating activities of gatifioxacin
derivatives.

Gatifloxacin is a synthetic broad-spectrum fluoroquinolone antibacterial agent with a 3-methyl piperazinyl-
side chain at position 7 and a methoxy group at position 8 of the quinolone ring. Different gatifloxacin
analogs were prepared. The piperazinyl ring was chosen for synthesizing series of derivatives. spectroscopic
techniques such as IR, 1H NMR, EIMS developed for structure identification. These derivatives were

compared with gatifloxacin, gemifloxacin, sparfloxacin. compound A proved very potent against Gram-
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negative organisms, Pseudomonas aeruginosa, Shigella flexeneri, and Klebseilla pneumoniae, compounds A

and C exhibited good antifungal activity compared to in-use quinolones. Biological activity: Antibacterial
and antifungal activity was evaluated by the paper disc diffusion method. Antimicrobial activity was
determined by calculating the percentage zone of inhibition taking gatifloxacin as standard. Screening of
gatifloxacin and its derivatives using whole blood for chemiluminescence activity and screening for

immune-modulating inhibitory properties has been done.’
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Fig:17 Structures of gatifloxacin and fluoroquinolone derivatives.
Synthesis, antibacterial, antifungal and anti-HIV activities of norfloxacin Mannich bases.

Norfloxacin mannich bases were synthesized by reacting with formaldehyde and several isatin derivatives.
IR, 1H-NMR data and elemental analysis confirmed chemical structures. In vitro antimicrobial activity was

done by the agar method against pathogenic bacteria, pathogenic fungi and anti-HIV activity’”"

against
replication of HIV-1 (111 B) in MT-4 cells. Antibacterial efficacy (In vivo) of selected compounds was done
by a mouse infection model. The observations showed very good activity against tested bacteria. All
compounds are more active than norfloxacin® and MIC values were determined. Antifungal activity: all
compounds exhibited significant antifungal activity/ all compounds are more potent than norfloxacin against

the fungi tested when compared to clotrimazole. Anti-HIV activity: the compounds were evaluated for their

inhibitory effect on the replication of HIV-1 in human MT-4 cells.'®
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Fig:18 Scheme for norfloxacin mannich base derivatives.
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Synthesis and Antiviral Studies of Novel N-Sulphonamido methyl piperazinyl Fluoroquinolones

Compounds were synthesized through modifying the N4 hydrogen of piperazine with formaldehyde and
sulphonamides (Mannich base reactions). The synthesized compounds screened by spectral data. Biological
activity: compounds applied to influenza A and B viruses replication was determined by cytopathic effect
inhibition (CPE). Standard Ribavirin inhibits the replication of influenza A and B viruses. Compounds were
tested for inhibitory effects against the replication of HIV-1 in MT-4 cells. The EC50 values of the
compounds against the replication of HIV-1 were higher than the cytotoxic concentration, zidovudine used

as standard drug.™

Fig:19 Scheme: synthesis of N-sulphonamidomethyl fluoroquinolones.
To synthesize the C-7 position of quinolone analogs of the main nucleus gives different derivatives with
potent antimicrobial activity (In vitro).”’Another aspect is the evaluation of a new series of fluoroquinolone
derivatives clubbed with benzothiazole moeity has been described.?! Triazolidine dione moieties with
fluoroquinolones have been synthesized and proved to be cytotoxic agents In vitro particularly against
cancer cell lines. Synthesized compounds showed less cytotoxicity than doxorubicin (standard) in cell lines.
The best results were obtained for the compound 3a and 3b.?? Ofloxacin UV analysis® has been determined.
Ofloxacin Schiff bases®* has been synthesized, performed studies on QRDR using docking studies. Anti-
malarial activity” of ciprofloxacin and synthesized ciprofloxacin imines® and their metal complexes.

Statistical analysis*’ done on ofloxacin derivatives.

Figure:20 fluoroquinolone derivative and Benzothiazole clubbed fluoroquinolones
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Fig:21 Compounds 7-substituted fluoroquinolones 3a and 3b

MTB crystal structure of DNA gyrase cleavage core and a fluoroquinolone-sensitized mutant and
fluoroquinolone action were determined in complex with DNA %% The structures show that the
intrinsically low susceptibility of Mtb to fluoroquinolones correlates with a reduction in contacts to the
water shell of an associated magnesium ion, which bridges fluoroquinolone—gyrase interactions.?® The
activity of quinolone-carboxylic acids esters and new antiinfective agents against MDR-TB. Anti TB
screening against H37Rv and clinically isolated strains of MTB. Several strains showed good MICgy
values.”® The main biological target is DNA gyrase, topoisomerase-11 encoded by gyrA and gyrB essential
for DNA supercoil. The goal is to gather data of fluoroquinolones effective against TB, MDR-TB, XDR-TB,
encourage the development of a new drugs.*® fluoroquinolone-resistant multidrug-resistant and extensively
drug-resistant tuberculosis. Delamanid, bedoquiline has been approved long back for the treatment of drug-
resistant tuberculosis.*'The early bactericidal activity of ciprofloxacin & was measured in some patients with
positive-smear pulmonary tuberculosis by counting in sputum collections initial days of treatment. Groups
of some patients were treated daily with graded doses of ciprofloxacin with or without drug along with 300
mg Isoniazid .3

The Antitubercular potential of quinoline, diamine, quinolone, fluoroquinolone, quinone, their possibility to
be a future drug candidate, and latest information on the clinical status of some novel antitubercular
compounds.®®® Compounds such as moxifloxacin are well tolerated and there is no adverse effect.
Moxifloxacin and gatifloxacin shows cross-resistance to the currently used drugs.**** The antitubercular
activity also encompassed the bacteria in a non-replicating state (NRP-TB) with minimum inhibitory
concentration values lower than those of the reference agent, moxifloxacin. Among the best compounds,
properly substituted piperidine at the C-7 position, were active against single-drug-resistant (SDR-TB) Mtb
strains, maintaining overall good potency also against ciprofloxacin-resistant Mth. This study expands the

body of SAR around antitubercular quinolones leading to reconsider the role played by the usual fluorine
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atom at the C-6 position.***° fluoroquinolones and quinolones cover the literature review from the past years

with emphasis placed on new applications and mechanisms of the pharmacological action of quinolone
derivatives.***% Tuberculosis (TB)™ has become a worldwide threat, mainly due to the emergence of
multidrug-resistant (MDR) and extensively drug-resistant (XDR) strains of Mycobacterium tuberculosis
(Mtb). An organometallic ruthenium complex of quinolone antibacterial agent ofloxacin, RuCl, was isolated,
and its crystal structure has been determined. Bidentate coordinated quinolone with the metal through the
carbonyl ring and one of the carboxylic oxygen atoms. Interactions of the title complex with DNA were
studied by spectroscopic methods and atomic force microscopy.*™*® Novel potential antitubercular agents
dihydroartemisinin—fluoroquinolone (DHA—FQ) conjugates were designed and conveniently synthesized.
All the newly synthesized conjugates were well characterized and evaluated against different MTB strains
(In vitro). The screening results showed DHA-FQ conjugates were active towards MTB H37Rv, and
compounds exhibited the strongest inhibitory activity, which was comparable to the positive control
Moxifloxacin and even stronger than Ofloxacin. Conjugates also displayed comparable activities against
various clinically isolated sensitive and resistant MTB strains to Moxifloxacin. All target compounds
possessed selective anti-MTB ability.*”®® Levofloxacin® silver complexes are interesting for therapeutic
purposes due to antifungal potential and antibacterial provided by the metal and fluoroquinolones. Some
novel substituted 4-quinolone pyrazolidinedione derivatives®**®. The Purity of the compounds was checked
by using TLC and elemental analysis. These compounds showed a antibacterial activity against S. aureus, B.
subtilis, Klebsiella pneumonia and Proteus vulgaris and anti-inflammatory activity using In vitro testing

methods compared to Ciprofloxacin, Amoxicillin, and Ibuprofen respectively.®®¢""

Fig-22 Tetracycline-fluoroquinolone structure®
The lead compound via the virtual screen in synthesized a series of analogs of compounds. Their primary
anti-HIV properties against integrase reveal that the 6-position methyl group on the benzene ring of

quinolone plays a more important role than chlorine, 7-position methyl group or no substituted group. But
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the title compounds exhibit little difference when the substituted group was phenyl or thienyl on the pyridine

ring of quinoline.”*"
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Fig:23 k-12, Inhibitor of herpes viruses.” and Anti HIV-fluoroquinolone.”
We focused on modification of the basic structure of ofloxacin by introducing new functionality at the C3
position. The structure of these derivatives was established by various analytical techniques i.e., IR, 1H-
NMR, 13CNMR CHNS elemental analysis and mass spectrometry. The antibacterial activity of ofloxacin®
and its derivatives against different Gram-positive and Gram-negative microorganisms was studied using a

disk susceptibility method.®’
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Fig:24 Structure activity relationship of quinolones.'®*

Synthesis and evaluation of Ofloxacin derivatives were carried out and evaluated for their anthelmintic
activity. Synthesized ofloxacin derivatives were purified by using of Ethanol by recrystallization procedure
and Characterized the molecules by analytical methods (TLC), Spectroscopic methods (FT-IR, Mass, and
NMR). Insilico methods were adopted for synthetic derivatives by Molinspiration online software.
Determined Evaluated anthelmintic activity of molecules of synthesized compounds by using Mebendazole
as standard drug.’®By searching google patents and USFDA, we found fluoroquinolone patents for
ciprofloxacin, enrofloxacin, enoxacin, gatifloxacin, gemifloxacin, levofloxacin, lomefloxacin, moxifloxacin,
norfloxacin, ofloxacin, sparfloxacin, trovafloxacin, difloxacin, cinofloxacin, pefloxacin, tosufloxacin,
temafloxacin, fleroxacin, amifloxacin, binfloxacin, danofloxacin, marbofloxacin, ruflocaxin, and

sarafloxacin. %
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Conclusion

The present data reveal the several ofloxacin and fluoroquinolone derivatives and has been studied for

different synthetic pathways, structures and biological activities & reactions have been studied. It becomes

important to explore further of these molecules for the synthesis of high efficacy and less toxic, good

therapeutic index molecules. This review will serve as research pathway in areas of anti-inflammatory, anti-

mycobacterial infections, anti-influenza A, B virus, anthelmintic, antibacterial (Invitro & In vivo), some

anaerobes, anti-fungal infections, anti-HIV-1, anti-HIV-2, anti-cancer studies, anti-malarial activities,

cytotoxic and phototoxic evaluation anti-proliferative activities for the development of a new drug.

Acknowledgements:

The help from Dr.M.Geethavani, Professor, Balaji College of pharmacy, Anantapuramu. A.P. India for her

suggestions & motivation to carry out this review work and thanks to Dr. L. Reddenna who has helped in

proofreading this article.

Conflict of Interest:

Authors declare that there is no conflict of interest.

Abbrevations:

MIC=minimum inhibitory concentration, IC50=the half maximal inhibitory concentration, CC50= the 50%

cytotoxic concentration, MTB=Mycobacterium tuberculosis, MDR-TB=multi-drug resistant Mycobacterium

tuberculosis, MC2=Mycobacterium smegmatis

References:

1. Akhiles Roy, S. M. Sardar, B.U.Salve, D.D.Rishipathak. Studies on synthesis and biological evaluation
of some substituted fluoroquinolones'. International Journal of ChemTech Research.2009; Vol.1, No.1,
pp 34-45.

2. Chantot.J.F and Bryskier.A,. Antibacterial activity of ofloxacin and other 4-quinolone derivatives: in-
vitro and in-vivo comparison. Journal of Antimicrobial Chemotherapy.1985 16,475-484.

3. Dinakaran, M., Senthilkumar, P., Yogeeswari, P., China, A., Nagaraja, V. and Sriram, D. Novel
ofloxacin derivatives: Synthesis, antimycobacterial and toxicological evaluation. Bioorganic &

Medicinal Chemistry Letters,2008 18(3), pp.1229-1236.

IJPT| June-2020| Vol. 12 | Issue No.2 | 7066-7091 Page 7081



Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
4. KANG-MIN WANG,YUAN-CHENG QIN, GUAN-JUN CHENG,HUA-JUN ZHU,LONG LIANG et

al. Design, Synthesis and Antibacterial evaluation of Novel Fluoroquinolone and its Derivatives. Asian

Journal of Chemistry.2014, vol,(26), No.1,pp 209-215.

o1

. Mohammadhosseini N, Alipanahi Z, Alipour E, Emami S, Faramarzi M, Samadi N et al. Synthesis and
antibacterial activity of novel levofloxacin derivatives containing a substituted thienylethyl moiety.
DARU Journal of Pharmaceutical Sciences. 2012;20(1).

6. Willby, M., Sikes, R., Malik, S., Metchock, B. and Posey, J. . Correlation between GyrA Substitutions

and Ofloxacin, Levofloxacin, and Moxifloxacin  Cross-Resistance in  Mycobacterium

tuberculosis. Antimicrobial Agents and Chemotherapy,2015, 59(9), pp.5427-5434.

\‘

. Hagihara M, Kashiwase H, Katsube T, Kimura T, Komai T, Momota K et al. ChemInform Abstract:
Synthesis and Anti-HIV Activity of Arylpiperazinyl Fluoroquinolones: A New Class of Anti-HIV
Agents. ChemInform. 2010;31(7):3063-3068.

8. Da Silva, A., De Almeida, M., De Souza, M. and Couri, M. Biological Activity and Synthetic

Metodologies for the Preparation of Fluoroquinolones, A Class of Potent Antibacterial Agents. Current

Medicinal Chemistry,2003 10(1), pp.21-39.

o

. Moshafi.M.H, Bahador. N, Moghimi.S, Ejtemaei.R Foroumadi.A,.Asadipour.A. Novel Levofloxacin
Derivatives as Potent Antibacterial Agents. Journal of Sciences, Islamic Republic of Iran. 2017
28(2):127-131.

10. Hayakawa, I., Atarashi, S., Yokohama, S., Imamura, M., Sakano, K. and Furukawa, M. Synthesis and
antibacterial activities of optically active ofloxacin. Antimicrobial Agents and Chemotherapy,1986
29(1), pp.163-164.

11. Yasemin DUNDAR, Mahmut ULGER, Fatma KAYNAK ONURDAG, Suzan OKTEN and Tijen
ONKOL. Synthesis and antitubercular activity of ofloxacin derivatives. Rev. Roum. Chim.2018 63(4),
265-272.

12. Adhunika Marella, Srinavya Maroju, Shourya Shaga, Sandeep Ankam. Synthesis and biological

screening of fluoroquinolone antibiotic derivatives. IJIPSR.2015 3 (9), 1277-1289.

IJPT| June-2020]| Vol. 12 | Issue No.2 | 7066-7091 Page 7082



13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Samer A. Hasan, Noor H. Nasser, Ahmed K. Hussein et al. Synthesis and Antibacterial Evaluation of

new OfloxacinChalcone derivatives Conjugates as Possible Mutual Prodrugs. J. Pharm. Sci. & Res.2018
Vol. 10(12), 3061-3065.

Salah A. Al-Trawneha, Jalal A. Zahraa, Marwan R. Kamala, Mustafa M. El-Abadelaha et al. Synthesis
and biological evaluation of tetracyclic fluoroquinolones as antibacterial and anticancer agents.
Bioorganic & Medicinal Chemistry.2010, 18. 5873-5884

Henry A. Okeri and Ikhuoria M. Arhewoh. Analytical profile of the fluoroguinolone antibacterials. I.
Ofloxacin. African Journal of Biotechnology.2008 Vol. 7 (6), pp. 670-680.

Najma Sultana, Muhammad Saeed Arayne, Syeda Bushra Shakeb Rizvi,, and Urooj Haroon. Synthesis,
Characterization and Biological Evaluations of Ciprofloxacin Carboxamide Analogues. Bull. Korean
Chem. Soc.,2011 Vol. 32, No. 2 pp.483-488.

Najma Sultana , Asia Naz , Bushra Khan , M. Saeed Arayne, M. Ahmed Mesaik Synthesis,
characterization, antibacterial, antifungal, and immunomodulating activities of gatifloxacin derivatives.
Med Chem Res.2010; 19:1210-1221
Pandeya, S., Sriram, D., Nath, G. and De Clercqg, E. Synthesis, antibacterial, antifungal and anti-HIV
activities of norfloxacin Mannich bases. European Journal of Medicinal Chemistry,2000 35(2), pp.249-
255.

Selvam, P., Rathore, P., Karthikumar, S., Velkumar, K., Palanisamy, P., Vijayalakhsmi, S. and
Witvrouw, M. Synthesis and antiviral studies of novel N-sulphonamidomethylpiperazinyl
fluoroquinolones. Indian Journal of Pharmaceutical Sciences. 2009;71(4), p.432.

Patel, M. and Patel, L. Design, Synthesis, Molecular Docking, and Antibacterial Evaluation of Some
Novel Flouroquinolone Derivatives as Potent Antibacterial Agent. The Scientific World Journal, 2014,
pp.1-10.

Sharma, P., Kumar, R., Chaudhary, M., Sharma, A. and Rajak, H. Synthesis and biological evaluation
of novel benzothiazole clubbed fluoroquinolone derivatives. Journal of Enzyme Inhibition and Medicinal
Chemistry,2011; 28(1), pp.1-10.

Hadi Adibi, Leila Hosseinzadeh, Maryam Mahdian, Alireza Foroumadi, Mohammad Ali Zolfigol et al..

Synthesis of 7-Substituted Fluoroquinolone Derivatives Containing Triazolidine Dione Moiety and In

1JPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7083



23.

24,

25.

26.

27.

28.

29.

30.

31.

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Vitro Evaluation of their Cytotoxic Effects. Journal of Reports in Pharmaceutical Sciences. 2013; 2(1),

75-82.

Naveed, S. and Hamid, F. Analysis of ofloxacin using UV Spectrophotometer. Journal of Prevention
and Infection Control,2015 1(1).

Susanta Kumar S.,Surendra Nath P.,Ashish Kumar P. In-silico Identification and Molecular Docking
Studies of Quinolone Resistance Determining Region (QRDR) of E.coli DNA Gyrase-A with Ofloxacin
Schiff Bases. International Journal of PharmTech Research.2013;5(4), pp 1794-1803.

Ayogu.E.E,, Ugwuowo.0,, Amorha.K.C and Okonta.J.M.. Evaluation of ciprofloxacin effect on the
antimalarial activity of some antimalarial drugs in plasmodium berghei infected mice. IJPSR,2016 Vol.
7(5): 1896-1903.

Muhammad IMRAN, Javed IQBAL, Shahid IQBAL, Nazia IJAZ.. In Vitro Antibacterial Studies of
Ciprofloxacin-imines and Their Complexes with Cu(l1),Ni(I1),Co(ll), and Zn(ll). Turk J Biol,2007 31.
67-72
Judge, V., Narang, R., Sharma, D., Narasimhan, B. and Kumar, P. Hansch analysis for the prediction of
antimycobacterial activity of ofloxacin derivatives. Medicinal Chemistry Research,2010, 20(7), pp.826-
837.

Blower T., Williamson B., Kerns R. and Berger, J. Crystal structure and stability of gyrase—
fluoroquinolone cleaved complexes from Mycobacterium tuberculosis. Proceedings of the National
Academy of Sciences,2016, 113(7), pp.1706-1713.

Carta, A., Palomba, M., Paglietti, G., Molicotti, P., Paglietti, B.et al. [1,2,3] Triazolo [4,5-h] quinolones.
A new class of potent antitubercular agents against multidrug resistant Mycobacterium tuberculosis
strains. Bioorganic & Medicinal Chemistry Letters. 2007;17(17), pp.4791-4794.

Mohammad Asif, Antimicrobial and Anti-tubercular activity of Quinolone analogues, Science
International ,2013, 1(10); 336-349.

Olaru 1, von Groote-Bidlingmaier F, Heyckendorf J, Yew W, Lange C, Chang K. Novel drugs against

tuberculosis: a clinician's perspective. European Respiratory Journal. 2014;45(4):1119-1131.

IJPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7084



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Sirgel FA, Botha FJ, Parkin DP, Van de Wal BW, Schall R, Donald PR, Mitchison DA. The early

bactericidal activity of ciprofloxacin in patients with pulmonary tuberculosis, Am J Respir Crit Care
Med.1997, Vol. 156. pp. 901-905,

Beena and Rawat, D.. Antituberculosis Drug Research: A Critical Overview. Medicinal Research
Reviews,2012, 33(4), pp.693-764.

M. Asif. Anti-tubercular activity of some six membered heterocycle compounds. Chemistry
International, 2015, 1(3), 134-163.

Oriana Tabarrini, Stefano Sabatini, Serena Massari, Marco Pieroni, Scott G. Franzblau and Violetta
Cecchetti.  6-Hydrogen-8-Methylquinolones Active Against Replicating and Non-replicating
Mycobacterium tuberculosis, Chem Biol Drug Des 2012; 80: 781786

Sharma, P., Jain, A., Jain, S., Pahwa, R. and Yar, M.. Ciprofloxacin: review on developments in
synthetic, analytical, and medicinal aspects. Journal of Enzyme Inhibition and Medicinal Chemistry,
2010, 25(4), pp.577-589.

John S. Wolfson and David C. Hooper. Fluoroquinolone Antimicrobial Agents. Clinical Microbiology
Reviews. 1989; Vol. 2, No. 4 pp 378-424

BARROW W. Treatment of mycobacterial infections. Revue Scientifique et Technique de I'OIE.
2001;20(1):55-70.

Fan, Y., Wu, J., Cheng, X., Zhang, F. and Feng, L.. Fluoroquinolone derivatives and their anti-tubercular
activities. European Journal of Medicinal Chemistry,2018, 146, pp.554-563.

Joanna Fedorowicz, Jarostaw Sa czewski. Modifications of quinolones and fluoroquinolones: hybrid
compounds and dual-action molecules. Monatshefte fiir Chemie ,2018, 149:1199-1245.

Keith D. Green and Sylvie Garneau-Tsodikova. Resistance in tuberculosis: what do we know and where
can we go?. Frontiers in Microbiology, Antimicrobials, Resistance and Chemotherapy. July 2013 .
Volume 4, Article 208

Asif M. An Overview on Fluoroquinolone Drugs for the Treatment of Tubercular Infection
.International Journal of Biosensors & Bioelectronics, 2017 2(1).

Rangappa SK,patil SA, Quinoline: A promising antitubercular target. Biomed Pharmacother(in

press).2004

IJPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7085



44,

45.

46.

47.

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Shakya N, Garg G, Agrawal B, Kumar R. Chemotherapeutic Interventions Against Tuberculosis.

Pharmaceuticals. 2012;5(7):690-718.

Turel I, Kljun J, Perdih F, Morozova E, Bakulev V, Kasyanenko N et al. First Ruthenium
Organometallic Complex of Antibacterial Agent Ofloxacin. Crystal Structure and Interactions with
DNA. Inorganic Chemistry. 2010;49(23):10750-10752.

Ze-Qi Xu, William W.Barrow et al. Anti-HIV natural product (+)-calanolide A is active against both
drug-susceptible and drug-resistant strains of mycobacterium tuberculosis. Bioorganic & medicinal
chemistry ,2004,12, 1199-1207.

Zhou, F., Lei, H., Fan, L., Jiang, L., Liu, J., Peng, X., . .. Yang, D.. Design, synthesis, and biological
evaluation of dihydroartemisinin—fluoroquinolone conjugates as a novel type of potential antitubercular

agents. Bioorganic & Medicinal Chemistry Letters, 2014, 24(8), 1912-1917.

48.Muscia, G., Buldain, G. and Asis, S.. Design, synthesis and evaluation of acridine and fused-quinoline

derivatives as potential anti-tuberculosis agents. European Journal of Medicinal Chemistry,2014, 73,

pp.243-249.

49.Hajimahdi, Z., Zabihollahi, R., Aghasadeghi, M., Ashtiani, S. and Zarghi, A.. Novel quinolone-3-

50.

51.

52.

53.

54.

carboxylic acid derivatives as anti-HIV-1 agents: design, synthesis, and biological activities. Medicinal
Chemistry Research,2016, 25(9), pp.1861-1876.

Patel, N. and Patel, S.. Synthesis and antimicrobial study of fluoroquinolone-based 4-
thiazolidinones. Medicinal Chemistry Research,2009, 19(8), pp.757-770.

Daneshtalab, M. and Ahmed, A.. Nonclassical Biological Activities of Quinolone Derivatives. Journal
of Pharmacy & Pharmaceutical Sciences,2011, 15(1), p.52.

Tabarrini, O., Massari, S., Daelemans, D., Stevens, M., Manfroni, G., Sabatini, S., Balzarini, J.,
Cecchetti, V., Pannecouque, C. and Fravolini, A.. Structure—Activity Relationship Study on Anti-HIV 6-
Desfluoroquinolones. Journal of Medicinal Chemistry,2008, 51(17), pp.5454-5458.

Richter, S., Parolin, C., Palumbo, M. and Palu, G.. Antiviral Properties of Quinolone-based
Drugs. Current Drug Target -Infectious Disorders,2004, 4(2), psp.111-116.
Mugnaini, C., Pasquini, S. and Corelli, F.. The 4-Quinolone-3-Carboxylic Acid Motif as a Multivalent

Scaffold in Medicinal Chemistry. Current Medicinal Chemistry,2009,16(14), pp.1746-1767.

1JPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7086



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Luo, Z., Zeng, C., Yang, L., He, H., Wang, C. and Hu, L.. Synthesis of 6-sulfamoyl-4-oxoquinoline-3-

carboxylic acid derivatives as integrase antagonists with anti-HIV activity. Chinese Chemical
Letters,2009, 20(7), pp.789-792.

Hu, Y., Xu, Z., Zhang, S., Wu, X,, Ding, J., Lv, Z. and Feng, L.. Recent developments of coumarin-
containing derivatives and their anti-tubercular activity. European Journal of Medicinal Chemistry,2017,
136, pp.122-130.

Foroumadi A, Firoozpour L, Emami S, Mansouri S, Ebrahimabadi A, Asadipour A et al. Synthesis and
antibacterial activity of N-[5-chlorobenzylthio-1,3,4-thiadiazol-2-yl] piperazinyl quinolone derivatives.
Archives of Pharmacal Research. 2007;30(2):138-145.

Darque, A., Dumétre, A., Hutter, S., Casano, G., Robin, M., Pannecouque, C. and Azas, N.. Synthesis
and biological evaluation of new heterocyclic quinolinones as anti-parasite and anti-HIV drug
candidates. Bioorganic & Medicinal Chemistry Letters,2009, 19(20), pp.5962-5964.

Castro, W., Navarro, M. and Biot, C.. Medicinal potential of ciprofloxacin and its derivatives. Future
Medicinal Chemistry,2013, 5(1), pp.81-96.

Abuo-Rahma, G., Sarhan, H. and Gad, G.. Design, synthesis, antibacterial activity and physicochemical
parameters of novel N-4-piperazinyl derivatives of norfloxacin. Bioorganic & Medicinal
Chemistry,2009, 17(11), pp.3879-3886.

Prabodh chander sharma, Ankit Jain , Sandeep Jain, Fluoroquinolone antibacterials: A Review on
chemistry, microbiology and therapeutic prospects. Acta Poloniae Pharmaceutica i Drug Research,
2009; Vol. 66 No. 6 pp. 587-604.

Ikin AVUOLUL Zeynep KAHVEC Semiha NOYAN Zehra MNBAY. Quinolone Arthropathy Induced
by Ofloxacin in Juvenile Rats: A Light Microscopic Study. Turk J Med Sci, 2000, 30. 441-447.

Vandana Sharma and Seema Garg.. QSAR Studies and Synthesis of C-5 Substituted Derivatives of
Counter Fluoroquinolone Drugs. IOSR Journal of Pharmacy and Biological Sciences. 2012, Volume 1,
Issue 4, PP 41-47.

Mohammad Yunoos, M. Sowjanya, K.Pavan Kumar and Ch. Ashok Kumar. Stability indicating RP-
HPLC method for the simultaneous determination of ofloxacin and flavoxate in bulk and

pharmaceutical formulations. Journal of Chemical and Pharmaceutical Research,2014,6(9),381-388.

IJPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7087



65.

66.

67.

68.

69.

70.

71.

72,

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Rusu A, Hancu G, To6th G, Vancea S, Toma F, Mare A et al. New silver complexes with levofloxacin:

Synthesis, characterization and microbiological studies. Journal of Molecular Structure. 2016;1123:384-
393.

B.V.Suma, Ankit K. Rochani, C.H.S. Venkataramana, Judy Jays, V. Madhavan. Synthesis,
Characterization,In vitro Antibacterial, Anti-inflammatory Evaluations of Novel 4-Quinolone containing
Pyrazolidinedione derivatives. Int.J. ChemTech Res.2010, 2(4)

Navin B Patel, Kunal K Pathak, jignesh N Patel, Sandip H Modi. Synthesis characterization and
microbial assay of new pyridogquinolone-3-carboxamides.Indian Journal of Chemistry, vol.51B,june
2012, pp 880-890.

Sharma P, Jain A, Yar M, Pahwa R, Singh J, Chanalia P. Novel fluoroquinolone derivatives bearing N -
thiomide linkage with 6-substituted-2-aminobenzothiazoles: Synthesis and antibacterial evaluation.
Arabian Journal of Chemistry. 2017;10:S568-S575.

Dharmarajan sriram, Perumal Yogeswari, Geetha senchani and Debjani Banerjee . Newer tetracycline
derivatives: synthesis, anti-HIV,antimycobacterial activities and inhibition of HIV-1 integrase.
Bioorganic & Medicinal chemistry letters, 2007,17, 2372-2375

Navin B. Patel , Sarvil D. Patel, Synthesis and antimicrobial study of fluoroquinolonebased 4-
thiazolidinones. Med Chem Res. 2010; 19:757-770
Nafees Ahmeda, Keyur G. Brahmbhatta, Sudeep Sabdeb, Debashis Mitrab, Inder Pal Singha, Kamlesh
K. Bhutania. Synthesis and anti-HIV activity of alkylated quinoline 2,4-diols. Bioorganic & Medicinal
Chemistry. 2010; 18, 2872-2879.

LUO Zai-gang, ZENG Cheng-chu, WANG Fang, HE Hong-qiu, WANG Cun-xin, DU Hong-guang and
HU Li-ming. Synthesis and Biological Activities of Quinoline Derivatives as HIV-1 Integrase

Inhibitors. CHEM. RES. CHINESE UNIVERSITIES. 2009;25(6), 841—845

73.Abeer Ahmeda and Mohsen Daneshtalaba. Nonclassical Biological Activities of Quinolone Derivatives .J

74,

Pharm Pharmaceut Sci. 2012 15(1) 52 — 72.
Witvrouw M, Daelemans D, Pannecouque C, Neyts J, Andrei G, Snoeck R et al. Broad-Spectrum
Antiviral Activity and Mechanism of Antiviral Action of the Fluoroquinolone Derivative K-12. Antiviral

Chemistry and Chemotherapy. 1998;9(5):403-411.

1JPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7088



Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
75.Enrica Filipponia, Gabriele Crucianib, Oriana Tabarrinia, Violetta Cecchettia & Arnaldo Fravolinia.

QSAR study and VolSurf characterization of anti-HIV quinolone library. Journal of Computer-Aided
Molecular Design,2001, 15: 203-217

76.Yuan-Qiang Hu , Zhi Xu , Shu Zhang, Xiang Wu, Jun-Wei Ding, Zao-Sheng Lv , Lian-Shun Feng.
Recent developments of coumarin-containing derivatives and their anti-tubercular activity.European
Journal of Medicinal Chemistry. 2017; 136 122-130

77. Zai Gang Luo, Cheng Chu Zeng, Lei Fu Yang, Hong Qiu He, Cun Xin Wang, Li Ming Hu. Synthesis of
6-sulfamoyl-4-oxoquinoline-3-carboxylic acid derivatives as integrase antagonists with anti-HIV
activity. Chinese Chemical Letters.2009; 20, 789-792

78. Serena Massaria, Dirk Daelemansb, Giuseppe Manfronia, Stefano Sabatinia, Oriana Tabarrinia,*,
Christophe Pannecouqueb, Violetta Cecchettia. Studies on anti-HIV quinolones: New insights on the C-6
position. Bioorganic & Medicinal Chemistry.2009; 17. 667674

79. Massari S, Daelemans D, Barreca M, Knezevich A, Sabatini S, Cecchetti V et al. A 1,8-Naphthyridone
Derivative Targets the HIV-1 Tat-Mediated Transcription and Potently Inhibits the HIVV-1 Replication.
Journal of Medicinal Chemistry. 2010;53(2):641-648.

80. Srinivasan S, Beema Shafreen R, Nithyanand P, Manisankar P, Pandian S. Synthesis and in vitro
antimicrobial evaluation of novel fluoroquinolone derivatives. European Journal of Medicinal
Chemistry. 2010;45(12):6101-6105.

81. Vandurm P, Guiguen A, Cauvin C, Georges B, Le Van K, Michaux C et al. Synthesis, biological
evaluation and molecular modeling studies of quinolonyl diketo acid derivatives: New structural insight
into the HIV-1 integrase inhibition. European Journal of Medicinal Chemistry. 2011;46(5):1749-1756.

82.Carlos M. Meléndez Gomez and Vladimir V. Kouznetsov, Recent Developments on Antimicrobial
Quinoline Chemistry. Formatex, 2013.

83. Pradip k. Jena, Ashish k. Pathak, Susanta k. Sahu, Swayansiddha Tripathy. Synthesis, Biological
Evaluation, Molecular Modeling, and Docking studies of Ciprofloxacin derivatives. Asian journal of
pharmaceutical and clinical research.2015;Vol 8, Issue 3.

84. Wang X, Xie X, Cai Y, Yang X, Li J, Li Y et al. Design, Synthesis and Antibacterial Evaluation of

Some New 2-Phenyl-quinoline-4-carboxylic Acid Derivatives. Molecules. 2016;21(3):340.

1JPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7089



85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
Asif Husain, Aftab Ahmad, Shah A. Khan. Synthesis and biological evaluation of a mutual prodrug of

norfloxacin and fenbufen. Journal of Taibah University Medical Sciences.2016; 11(3), 277-281

Asif M. A Review on Anticancer and Antimicrobial Activity of Tetrafluoroquinolone Compounds. Ann
Med Chem Res.2014; 1(1): 1003

M. Saeed Arayne, Najma Sultana, Urooj Haroon, M. Hashim Zuberi and Syeda Bushra Shakeb Rizvi.
Synthesis, Characterization and Biological Activity of a Series of Carboxamide Derivatives of
Ofloxacin. Arch Pharm Res.2010, Vol 33, No 12, 1901-19009.

Pandit N, Shah K, Agrawal N, Upmanyu N, Shrivastava S, Mishra P. Synthesis, characterization and
biological evaluation of some novel fluoroquinolones. Medicinal Chemistry Research. 2016;25(5):843-
851.

Yi Xia, Zheng-Yu Yang, Peng Xia, Torben Hackl, Ernest Hamel et al. antitumor agents. Fluorinated 2-
phenyl-4-quinolone derivatives as antimitotic antitumor agents. J. Med. Chem. 2001, 44, 23, 3932-3936
Chugunova E, Akylbekov N, Bulatova A, Gavrilov N, Voloshina A, Kulik N et al. Synthesis and
biological evaluation of novel structural hybrids of benzofuroxan derivatives and fluoroquinolones.
European Journal of Medicinal Chemistry. 2016;116:165-172.

Motaleb M. Radiochemical and biological characteristics 0f99mTc-difloxacin and99mTc-pefloxacin for
detecting sites of infection. Journal of Labelled Compounds and Radiopharmaceuticals. 2010;53(3):104-
1009.

Chen Y, Fang K, Sheu J, Hsu S, Tzeng C. Synthesis and Antibacterial Evaluation of Certain Quinolone
Derivatives. Journal of Medicinal Chemistry. 2001;44(14):2374-2377.

Patel N, Patel S, Patel J, Patel J, Gorgamwala Y. Synthesis and Antibacterial Activity of Thioureido
Amide of Fluoroquinolone. International Journal of Biological Chemistry. 2011;5(1):37-45.

EMA to hold public hearing on quinolone and fluoroquinolone antibiotic safety. The Pharmaceutical
Journal. 2018;.

Mermer A, Faiz O, Demirbas A, Demirbas N, Alagumuthu M, Arumugam S. Piperazine-azole-
fluoroquinolone hybrids: Conventional and microwave irradiated synthesis, biological activity screening
and molecular docking studies. Bioorganic Chemistry. 2019;85:308-318.

Dalhoff A. Immunomodulatory Activities of Fluoroquinolones. Infection. 2005;33(S2):55-70.

1JPT| June-2020] Vol. 12 | Issue No.2 | 7066-7091 Page 7090


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Yi++Xia
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Zheng-Yu++Yang
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Peng++Xia
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Torben++Hackl
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ernest++Hamel

Ramakrishna.C*et al. /International Journal of Pharmacy & Technology
97. Barry A, Gardiner R, Packer R. Bactericidal activities of ten different fluoroquinolones against selected

enterobacteriaceae. Diagnostic Microbiology and Infectious Disease. 1987;6(1):81-83.

98. Grohs P, Podglajen I, Gutmann L. Activities of Different Fluoroquinolones against Bacillus anthracis
Mutants Selected In Vitro and Harboring Topoisomerase Mutations. Antimicrobial Agents and
Chemotherapy. 2004;48(8):3024-3027.

99. Akinremi C, Obaleye J, Amolegbe S, Adediji J, Bamigboye M. Biological activities of some
Fluoroquinolones-metal complexes. International Journal of Medicine and Biomedical Research.
2012;:24-34.

100. Asif. M. The fluoroquinolones as antibacterial compounds; an overview on biological and chemical
activities aspects. Journal of Current Pharma Research. 2016;6(4):1912-1929.

101. Arayne S, Sultana N, Haroon U, Mesaik M. Synthesis, Characterization, Antibacterial and Anti-
Inflammatory Activities of Enoxacin Metal Complexes. 20109.

102. Dizman B, Elasri M, Mathias L. Synthesis, Characterization, and Antibacterial Activities of Novel
Methacrylate Polymers Containing Norfloxacin. Biomacromolecules. 2005;6(1):514-520.

103. Maple P, Brumfitt W, Hamilton-Miller J. A Review of the Antimicrobial Activity of the
Fluoroquinolones. Journal of Chemotherapy. 1990;2(5):280-294.

104. Pham T, Ziora Z, Blaskovich M. Quinolone antibiotics. MedChemComm. 2019;10(10):1719-1739.

105. Manjunath G, Sirisha T, Khadar Basha K , Satya Sagar K, Ramakrishna C, Subba Reddy G V.
Synthesis, In-Silico Characterization and Anthelmintic Activity of Novel Ofloxacin Derivatives. Inventi
Rapid; Med Chem, 2019,Issue 3.

106. Chander Sharma P, Piplani M, Rajak H. An Insight into Patents of Fluoroquinolone Derivatives. Letters
in Drug Design & Discovery. 2015;12(10):844-855.

Corresponding Author:

Mr. Ramakrishna Chintakunta*,

Associate Professor, Department of Pharmaceutical chemistry, Balaji College of Pharmacy,
Anantapuramu — 515 002, Andhra Pradesh, India.

Email: rama0813@gmail.com

IJPT| June-2020]| Vol. 12 | Issue No.2 | 7066-7091 Page 7091


mailto:rama0813@gmail.com

