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Abstract

The fluoroquinolones are used in the treatment of a variety of bacterial infections. These agents inhibit the DNA gyrase, abolishing
its activity by interfering with the DNA rejoining reaction. The inhibition of the resealing leads to the liberation of fragments that
are subsequently destroyed by the bacterial exonucleases. All fluoroquinolones accumulate within bacteria very rapidly, so that a
steady-state intra bacterial concentration is obtained within a few minutes. Resistance develops slowly and is usually chromosomal
and not plasmid mediated. However, development of resistance and transfer between animal and human pathogens has become a
fervently argued issue among the microbiologists. Another concern regarding the use of new quinolones in the veterinary field is a
possible detrimental effect on the environment. It still seems unlikely that the controlled use of veterinary quinolones will give rise

to unfavourable effects on the environment.
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Introduction

Quinolones are one of the most commonly prescribed and
wholly synthetic classes of antibacterial drugs all around the
world and have been extensively used to combat with a number
of bacterial infections, including gastrointestinal infections,
respiratory and urinary tract diseases (4. The first clinically
useful quinolone was naldixic acid, discovered by Lesher and
co-workers in 1962, which was generated from chloroquine, an
antimalarial agent . Quinolones and fluoroguinolones are a
relatively new class of synthetic antibiotics with potent
bactericidal, broad spectrum activity against many clinically
important pathogens which are responsible for variety of
infections including urinary tract infections (UTI),
gastrointestinal infections, respiratory tract infections(RT1) ],
sexually transmitted diseases (STD) and skin infections [ %I,
These fluoroquinolones has a prominent oral bioavailability in
all monogastric species, a large volume of distribution and
plasma proteins binding is low. So it allows them to cross
membranes and reach the most remote parts of the body at

concentrations above the minimum inhibitory concentrations
(MIC’s) of most pathogens. Tissues and sites demonstrating
high concentrations following systemic administration include
the kidney, liver and bile plus the prostate, female genital tract,
bone and inflammatory fluids (Montay et al., 1984). They are
eliminated mostly in the urine having the levels 100 to 300 times
higher in the urine than in the serum (Montayet al., 1984). All
the fluoroquinolones shows distributional and antimicrobial
properties that make them potentially useful in veterinary
medicine.

Mechanism of Action

Quinolones rapidly inhibit DNA synthesis by promoting
cleavage of bacterial DNA in the DNA-enzyme complexes of
DNA gyrase and type IV topoisomerase, resulting in rapid
bacterial death 81 As a general rule, gram-negative bacterial
activity correlates with inhibition of DNA gyrase, and gram-
positive bacterial activity corresponds with inhibition of DNA
type 1V topoisomerase [©1.

Mechanism of Action

Fluoroquinolones

Bind to the A-subunit of DNA gyrase (topoisomerase || type) enzyme

Prevents the binding of substrati to the active site of DNA gyrase

Absence of formation of enzyme — substrate complex

Blockade of unwinding of double-stranded DNA into a single stranded structure

Prevention of synthesis of mMRNA

Inhibition of bacterial protein synthesis

Antibacterial activity
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Classification
Two main classifications for fluoroquinolones based on

been described by Bryskier & Chantot, which logically
embraces the majority of active compounds known till date.

chemical structure and biological properties respectively has
Classification : By Generation

1 Nalidixic acid Gram negative: but, not pseudomonas species.
Cinoxacin

ond Norfloxacin Gram negative (including, pseudomonas species)
Ciprofloxacin Some Gram positive & some atypicals.
Enoxacin
Ofloxacin

o Levofloxacin Same as 2" generation with extended Gram
Sparfloxacin positive & atypical coverage.
Moxifloxacin
Genmifloxacin

4 Trovafloxacin Same as 3 generation with broad anaerobic

coverage.

General Chemical Structure of Fluoroquinolone
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Fig 6 shows the core molecule and the positions at which key
changes are engineered. There are 2, 3 and 4 positions, a
hydrogen moiety is optimal in 2 Position and if any larger
molecule added to 2 position may create a steric hindrance at
the adjacent positions 3 and 4 which is carboxyl group and
oxygen molecule, respectively.

At Position 1

Fig7

Earlier study indicated that substitution at N-1 position is
important for Anti-bacterial activity Addition of a
cyclopropyl moiety at N-1 position shows significant
activity against gram-negative bacteria as seen in
Ciprofloxacin and sparfloxacin.

Introduction of a t-butyl group at N-1 produced quinolones
with enhanced activity against gram positive bacteria with
minor reduction of activity against gram negative bacteria.

At position 2

1.

2.

3.

2.

Position 3 having carboxylic acid group and position 4
having the keto is the site necessary for binding of
quinolones to DNA gyrase.

Carboxylic acid at position 3 is required for antimicrobial
activity, similarly like a keto group at position 4
Replacement of 3-carboxyl group with isothiazole group
produces the most potent isothiazquinolone [, which is
having 4 to 10 times greater in vitro antibacterial activity

Fig 9

In general, quinolones with small or linear C-7 substituents
(H, CI, CHs; NH,-CH,-CH2- NH, NH- CHs; NH-NHy)
possess moderate to weak anti-bacterial activities.

Position 6

1.

A fluorine or chlorine substituents at position-8 leads to the
formation of potentially active compounds.

than ciprofloxacin, but it appeared to suffer from some
undesirable properties such as insolubility and mam-malian
toxicity [191,

Position 3

1.

Compounds with small substituents such as nitro, amino,
halo, alkyl groups have been synthesized. Among them, C-
5 amino group enhances absorption and / or tissue
distribution e.g Sparfloxacin, grepafloxacin.

The incidence of photo toxicity of Sparfloxacin is the lowest
of the fluoroquinolones, because of the presence of the
5amino group, which counteracts the effect of the 8- fluoro
substituent.

Position 4

1.

Fluorine atom seems to be essential because it helps in
binding with DNA topoisomerase enzyme of bacteria 1.

Fig 8

Position 5
1.

2.

The substitution of a piperazinyl ring at position 7 makes the
molecule active against Pseudomonas and in the presence of
a fluorine atom at position 6 extends the activity of the
molecule to some but not all gram positive bacteria (Neer,
et al. 1988). Additions of alkyl chains to the para position of
the piperazinyl ring, and to the nitrogen at position 1,
increase the lipid solubility and the volume of distribution
of the compounds

Fig 10

Methoxy group at position-8 provides good anaerobic
activity, for example gatifloxacin and moxifloxacin.
Oxygen substituent at C-8 position, where substituent is part
of ring system has been shown to have better in vivo
efficacy.
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Fig 12
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Table 1: Structure, and important clinical indications of fluorogquinolones:

Compound Structure Clinical References
No. Name R1 Rs R7 X indication
1 | Norfloxacin /\CH3 —H HO é Uncomplicated urinary tract infections. [11-18]
H
2 | Enoxacin do do do ‘ - Uncomplicated urinary tract infections [11,19, 20, 1]
N
~ CH,
N
3 [Lomefloxacin do do O/ é Uncomplicated urinary tract infections [11,20,21,22]
NH F
N, Complicated urinary tract infections, gastroenteritis with
4 |Ciprofloxacin do severe diarrhea prostatitis and nosocomial infections, [23, 20, 24, 25]
NH H sexually transmitted diseases, anthrax.
c?t \N/w Complicated urinary tract infections, gastroenteritis with
5 | Ofloxacin do K/ do severe diarrhea prostatitis and nosocomial infections, [11, 20, 26-30]
CHj3 N . .
cH, sexually transmitted diseases, anthrax.
HN L . . .
Intra abdominal infections, acute exacerbation of chronic
6 |Trovafloxacin -| do e bronchitis, community acquired pneumonia, uncomplicated| [3% 1% 3234
£ N gonorrhea, urethritis, cervicities.
—N
c* N/ Community acquired pneumonia, complicated urinary tract| (1 17 24 35,
7 | Levofloxacin cH do infections, gastroenteritis with severe diarrhea prostatitis 36]
3 H and nosocomial infections.
HzC—_
N
HsC
N/ Community acquired pneumonia, complicated urinary tract
8 | Sparfloxacin | |[—NH. infections, gastroenteritis with severe diarrhea prostatitis |31 11, 20.37-40]
NH F and nosocomial infections.
HsC
H3C
o Community acquired pneumonia, complicated urinary tract
9 | Gatifloxacin do —H / | infections, gastroenteritis with severe diarrhea prostatitis |11 20, 61, 41-45]
K/NH and nosocomial infections.
CHs
Acute exacerbation of chronic bronchitis, community (s 46, 47, 24, 28,
10 |Grepafloxacin do ——CH, do acquiredpneumonia, uncomplicated gonorrhea, urethritis, 49]
H cervicities.
Antimicrobial activity compound 10f (MIC ¥ 8 mg/mL) comparable to Norfloxacin.
(A) Moreover, this compound also exhibited equal or better activity
o N in contrast to the two reference drugs against S. dysenteriae and
/ \ P. aeruginosa. These indicated that 2aminothiazolyl quinolone
NH, -
10f had the potency to be a lead compound in the development
S of more effective board-spectrum antimicrobial agents.
(B)
O
F CH; C=—=CH HooC H
Fig 13 ‘
Yu Cheng et al. 2016 synthesized N-1 propargyl modified N CFs3
2aminothiazolyl quinolone 10f which shows good
broadspectrum and efficient antibacterial activitywhen H
compared to other compounds. The anti-B. typhi potency of N——N
compound 10f (MIC ¥ 1 mg/mL) was the strongest among the / OH
target compounds, which was 32-fold and 4-fold more potent VY
than reference drugs Chloromycin and Norfloxacin, N
respectively. Furthermore, MRSA was also quite sensitive to Fig 14
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Sheng-Feng Cui et al. 2013 synthesized quinolone triazoles
quinolone triazoles were evaluated in vitro for their
antimicrobial activities against three Gram-positive bacteria
(Micrococcus luteus ATCC 4698, MRSA and Staphylococcus
aureus  ATCC25923), four Gram-negative bacteria
(Pseudomonas aeruginosa, Escherichia coli DH52, Shigella
dysenteriae, and Eberthella typhosa) and four fungi (Candida
utilis, Aspergillus flavus, Beer yeast, and Candida albicans) by
two folds serial dilution technique recommended by National
Committee for Clinical Laboratory Standards (NCCLS) with
the positive control of clinically antimicrobial drugs
Norfloxacin, Chloromycin and Fluconazole.The compound 6d
having trifluoromethyl group at the 7-position of quinolone
gives stronger antibacterial efficacies and broader bioactive
spectrum than Norfloxacin and Chloromycin with quite low
MIC values.

) R1\©i?[CHO
/
N O—< >_R2

(C

that of first line standard drugs.The compound 6f is emerged as
the good antimicrobial member with better antitubercular
activity.

o
T~
>_/

Rs

Fig 15
Compound R1 R2
3c H Cl
3e CHs CHs
3g OCHjs H

Compound R: R | Rs
6F CHs; | CI H
6l OCHs | CI H
6Q OCHz | CHs | CHs

Divyesh C et al. 2010 synthesized a new class of b-
aryloxyquinolines 3a -i and their pyrano[3,2-clchromene
derivatives 6a-r via a nucleophilic displacement and a one-pot
multicomponent reaction method. The antimicrobial activity is
evaluated in invitro against pathogenic strains of specifically
Bacillus  subtilis,  Clostridium  tetani,  Streptococcus
pneumoniae, Escherichia coli, Salmonella typhi, Vibrio cholera,
Aspergillus fumigatus and Candida albicans. The Compounds
3¢, 3e, 3g, 6f, 61 and 6¢ shows excellent antibacterial activity.
The compound 6p shows more potent antifungal activity than

/
Ry
Fig 17
Table 2
Compound No. R R1 R3 R4
4f -OCH3 {] H | -H
4d -F -C2H5 -H -H
4g -NO2 { -H -H
4h -CHs { -H -H
4 -Br { ‘H | -H
4k -NO <_ | |-0CH;s | -CHs
4i -F & -OCH3 | -CH3

Prabodh Chander Sharma et al. 2011 synthesized and evaluated
against in vitro antibacterial activity of The compounds which
exhibit more potent activities against Gram-positive organisms
than those of ciprofloxacin, norfloxacin and gatifloxacin.The
Compounds 4f, 4h, 4j and 4k shows good antibacterial activities
against Bacillus subtilis. The Compound 4i i.e 1-cyclopropyl-6-
fluoro-7-(4-(N-(6-fluoro-1,3-benzothiazol-
2yl)aminomethyl)piperazin-1-yl)-1,4-dihydro-4-oxo-
quinoline3-carboxylicacid(4i)and1-cyclopropyl-6-fluoro-7-(4-
(N-(6-fluoro-1,3-benzothiazol-2-yl)aminomethyl)-3-
methylpiperazin-1yl)-8-methoxy-1,4-dihydro-4-oxo-quinoline-
3-carboxylic acid, which shows better antibacterial activity than
the standard antibiotics norfloxacin and gatifloxacin when
tested against Escherichia coli.The Compound 4f shows similar
activity at higher concentration (50 lg/ml and 100 Ig/ml). The
Compounds 4d and 4g shows superior antibacterial activities as
compared to the standard antibiotic norfloxacin when tested
against Pseudomonas aeruginosa.The compound 4h having
methyl group at 6-position of benzothiazole part of novel
derivative shows better MIC (25 lg/ml) against Bacillus subtilis
than standard antibiotic gatifloxacin (MIC value 100 Ig/ml).The
compound 4f having MIC of 08 Ig/ ml, which is approximately
eight times more potent than that of standard drug ciprofloxacin
(MIC value 50 lg/ml).
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Fig 18: 6a-c

Compound R

6a -H
6b -F
6c -CHs3

Siva S. Panda et al. 2013 synthesized and evaluated against
vitro

antimicrobial activities 100 Ig/mL against two Gram-positive
bacteria like Staphylococcus aureus MTCC 096 and Bacillus
subtilis, three Gram-negative bacteria like Escherichia coli
MTCC 443, Salmonella typhi MTCC 733, and Klebsiella
pneumoniae MTCC 432 and four fungi like Aspergillus niger
MTCC 282, Aspergillus fumigatus MTCC 343, Aspergillus
flavus MTCC 277, and Candida albicans MTCC 227. All the
derivatives showed good activity towards Gram-positive
bacteria and less activity towards Gram-negative bacteria. The
compounds 6a—c which is O-substituted shows significant
antimicrobial activity against all the Gram-positive strains.

(F)
Rs o o
E
| OH
/ N N
" |
s R
Fig 19

Compound | R1 R2 R3
14 -H | -OCHs | -NO2
15 -H -H -H
16 -Br -H -H
17 -H -F -NH2
18 -H -F -NHAc
19 -H -F -F
20 -Br -F -NH2

Brijesh Kumar Srivastava et al. 2007 Synthesized and evaluated
against antibacterial activity in standard in vitro MIC assay
method of a number of substituted 4,5,6,7-tetrahydro-
thieno[3,2-c]pyridine quinolones which is compared to standard
Gatifloxacin, Ciprofloxacin, and Sparfloxacin. Compound
14,containing nitro group is present at C-5 position having less
antibacterial activity Compared to compound 7.The Compound
19 have moderate antibacterial activity.The Compound 9
contain an electron withdrawing —-NO2 group on the

tetrahydrothienopyridine exhibit similar antibacterial activities
with that of Gatifloxacin against the strains of Bacillus subtilis
ATCC 6633; S.e., Staphylococcus epidermidis ATCC 12228;
S.a., Staphylococcus aureus ATCC 33591; E.f., Enterococcus
faecalis ATCC 29212; P.a., Pseudomonas aeruginosa ATCC
27853; K.p., Klebsiella pneumoniae ATCC 10031; E.c.,
Escherichia coli ATCC 25922. When modifications is done on
quinolone nucleus, which results the formation of compounds
14-20, which shows significant loss of antibacterial activity.

Conclusion

The aim of writing the review to provide information, chemistry
and its antimicrobial activity of Fluoroquinolone molecule.
Fluoroquinolone is broad spectrum activity against
Grampositive and Gramnegative bacteria. The new
fluoroquinolones derivatives are potent which is used to treat
urinary tract and gastrointestinal tract bacterial pathogens. The
use of orally administered fluoroquinolones (when indicated)
instead of intravenously administered antibiotics may provide
significant advantages in terms of reduced hospitalization or
home health care costs. Thus a judious and efficient use of these
antibiotics is recommended.

References

1. Poon IKH, Chiu YH, Armstrong AJ, Kinchen JM,
Juncadella 1J, Bayliss DA, Ravichandran Nature. 2014;
507:329-334.

2. Appelbaum PC, Hunter PA, Antimicrob J. Agents. 16;
5:2000.

3. Abraham DJ. Quinolone in Burgeris Medicinal Chemistry
Drug Discovery, John Wiley and Sons, Hoboken, New
Jersey. 2003, 582-587.

4. Guneysel O, Onur O, Erdede M, Dehizbasi A, Emerg J.

Med. 2009; 36:338.

Blondeau JM. Clin Ther. 1999; 21:3.

6. Hooper D. Quinolones. In: Mandell GL, Bennett JE, Dolin

R. Mandell, Douglas, and Bennett's Principles and practice

of infectious diseases. 5thed. Philadelphia: Churchill

Livingstone. 2000, 404-23.

Hooper DC, Wolfson JS. Mechanisms of quinolone action

and bacterial killing. In: Quinolone antimicrobial agents.

2d ed. Washington, D.C.: American Society for

Microbiology. 1993, 53-7.

8. Hooper DC. Mode of action of fluoroquinolones, Drugs.
1999; 58:6-0.

9. Dax SL. Quinolone antibacterials,
Chemotherapeutic  Agents, The R W Johnson
Pharmaceutical Research Institute, Spring House,
Pennsylvania, USA, Blackie Academic and Professional,
London.1997,298-345.

10. Pandey SN. Antimicrobial Agents-Sulphon-amides and
Quinolones, in A Text Book of Medicinal Chemistry
(Synthetic and Biochemi-all Approach), p. 547-585,
Mahavir Press, Bhelpur, SG. Publisher, Varanasi 2003.

11. Cheng D, Xu WR, Liu CX. World J Gastroenterol. 2007;
13:2496.

12. Lee C, Ronald AR, Am J. Med. 82-27 (1987).

13. Corrado M.L., Struble W.E., Peter C., Hoagland V., Sabbaj
J.. Am. J. Med. 82, 22 (1987).

14. Heseltine P.N.R., Corrado M.L.: Am. J. Med. 82, 88
(2987).

o

~

in Antibacterial

62



International Journal of Pharmaceutical Science and Research

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Kaplowitz L.G., Vishniavsky N., Evans T., Vartivarian S.,
Dalton H., Simpson M. Gruninger R.P.: Am. J. Med. 82, 35
(1987).

Hooper D.C., Wolfson
Chemother. 28, 716 (1985).
Adhami Z.N., Wise R., Weston D., Crump B.: J.
Antimicrob. Chemother. 13, 87 (1984).

Lehto P., Kivisto K.T.: Antimicrob. Agents Chemother. 38,
248 (1994).

Sarkozy G.: Vet. Med. Czech. 46, 257 (2001).

Oliphant C.M., Green G.M.: Am. Fam. Physician 65, 455
(2002).

Hooper D.C., Wolfson
Chemother. 28, 716 (1985).
Kovarik J.M., Hoepelman A.l, Smit J.M., Sips P.A.,
Rozenberg A.M., Glerum J.H., Verhoef J.: Antimicrob.
Agents Chemother. 36, 2458 (1992).

50. Buck M.L.: Pediatr. Pharm. 1998,4:12.

Lubasch A., Keller 1., Borner K., Koeppe P., Lode H.:
Antimicrob. Agents Chemother. 2000, 44:2600.

Boy D, Well M, Kinzig SM, Sorgel F, Ankel FD, Naber
KG. Int J. Antimicrob. Agents. 2004,23:6.

Yuk JH, Nightingale CH, Quintiliani R, Sweeney KR.
Antimicrob. Agents Chemother. 1991, 35:384.

Immanuel C, Hemanthkumar AK, Gurumurthy P,
Venkatesan P. Int. J. Tuberc. Lung Dis. 2002, 6:1017.

28. Hameed A, Igbal T., Nawaz M., Batool F., Baig T.T.,
Ali S., Nurjis F.: Pak. J. Biol. Sci. 5, 1098 (2002).

Israel D, Gillum JG, Turik M, et al. Antimicrob. Agents
Chemother., 37:2193.

Lode H. Hoffken G, Olschewski P, Sievers B, Kirch A,
Borner K, Koeppe P. Antimicrob. Agents Chemother.
1987,31:1338.

Blondeau JM. Clin Ther. 1999,21: 3.

Teng R, Liston TE, Harris SC. J. Antimicrob. Chemother.
1996, 37:955.

Vincent J, Venitz J, Teng R, Baris BA, Willavize SA,
Polzer RJ, Friedman HL. J. Antimicrob. Chemother. 1997,
39:75.

Wise R, Mortiboy D, Child J, Andrews JM. Antimicrob.
Agents Chemother. 1996,40:47.

Chein SC, Rogge MC, Gisclon LG, et al. Antimicrob.
Agents Chemother. 1997, 41:1562.

Chein SC, Chow AT, Natarajan J, Williams RR, Wong FA,
Rogge MC, Nayak RK. Antimicrob. Agents Chemother.
1997,41:2256.

Struwe M, Greulich KO, Perentes E, Martus HJ, Suter W,
Helbig U.P. J. Invest. Dermatol. 2008, 263:1.

Johnson JH, Cooper MA, Andrews JM, Wise R.
Antimicrob. Agents Chemother. 1992,36:2444.

Zix JA, Geerdes FHF, Rau M, Vockler J, Borner K, Koeppe
P, Lode H. Antimicrob. Agents Chemother. 1997, 41:1668.
Mody VD, Panday KK, Satia MC, Modi 1A, Modi RI,
Gandhi TP. J. Pharm. Biomed Anal. 1998,16:1289.

Santos A, Cremades R, Rodriguez JC, Pachon EG, Ruiz M,
Royo G. J. Infect. Chemother. 2008, 14:262.

Trampuz A, Laifer G, Wenk M, Rajacic Z, Zimmerli W.
Antimicrob. Agents Chemother. 2002, 46:3630.

Lober S, Ziege S, Rau M, Schreiber G, Mignot A, Koeppe
P, Lode H. Antimicrob. Agents Chemother. 1999, 43:1067.
Liu XD, Xie L, Wang J, Liang Y, Li L, Lu L. Asian J. Drug
Metab. Pharmacokinet. 2005,5:71.

J.S.:  Antimicrob. Agents

J.S.:  Antimicrob. Agents

45,
46.
47,
48.

49.

Wise R, Andrews JM, Ashby JP, Marshall J. J. Antimicrob.
Chemother. 1999,44:701.

Child J, Andrews JM, Wise R. Antimicrob. Agents
Chemother. 1995, 39:513.

Lode H, Vogel F, Elies W. Clin. Ther. 1999, 21: 61.
Kozawa O, Uematsu T, Matsuno H, Niwa M, Nagashima
S, Kanamaru M.: Antimicrob. Agents Chemother. 1996,
40:2824

Efthymiopoulos C. J. Antimicrob. Chemother. 1997, 40:35.

63



