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Antibacterials and the 4-quinolones

Lewin CS, Smith JT. (Microbiology Section, Department
of Pharmaceutics, The School of Pharmacy, London
University, Brunswick Square, London, UK.) Interaction
of the 4-qulnolones with other-antibacterials. J Med Micro-
bioi 1989;29:221-7.

SUMMARY
The authors have studied the effect of subinhibitory concentra-
tions of 16 antibacterials on the bactericidal activity of the
4-quinolone compounds-nalidixic acid, ciprofloxacin and
ofloxacin-against E. coli KLI6. The antibacterials were chosen
to represent three different modes of antibacterial action. The
first group was of RNA or protein synthesis inhibitors such as
rifampicin, tetracycline, erythromycin, c1indamycin and
chloramphenicol. The second group comprised aminoglycosides
which damage the bacterial membrane secondary to inhibition
of protein synthesis and the third group consisted of cell wall
antagonists such as vancomycin, azlocillin, mezlocillin and
ceftazimide.
The bactericidal activity of the combination of 4-quinolones

with other antibacterials was studied rather than the minimum
inhibitory concentration (MIC) because the latter provides no
information on the killing effect produced by the combination.
Moreover, earlier studies using MIC showed that such combina-
tions produced neither enhancement nor antagonism.
Bactericidal effects were determined by using viable counts of

reactionmixtures containing the combinations of a 4-quinolone
compound and one of the 16 antibacterial drugs selected for the
study to which was added 0.2 ml of a calculated volume (to contain
5x 108 cfu/ml) of E. coli KLl6. Viable counts were done at time
zero and at 30 minute intervals by plating various serial dilutions'
of the reaction mixture onto nutrient agar plates. The results
obtained were used to calculate the 99% kill time against Eicoli
KLl6 of the 4-quinolone compound with and without a sub-
inhibitory concentration of a second antibacterial.
The study has highlighted certain important facts. Bacteriostatic

concentrations of protein synthesis inhibitors such as chlor-
amphenicol and rifampicin reduced the bactericidal effect of
ciprofloxacin and ofloxacin and totally inhibited the bactericidal
effect of nalidixic acid. Subinhibitory concentrations of these
two drugs when combined with calculated concentrations of
nalidixic acid and ciprofloxacin increased the time to kill 99% of
the standard E. coli KLl6 when compared to the time taken by
the 4-quinolones alone. This clearly indicated that RNA or protein
synthesis inhibitors when combined with the 4-quinolones
resulted in antagonism of the 4-quinolones.
The combination of the 4-quinolone compounds with amino-

glycosides-streptomycin, gentamycin, kanamycin, tetramycin,
amikacin, sisomycin and netilmicin-proved to be therapeutically
beneficial. The enhanced bactericidal effect was evident by the
reduction in time required to kill 99% E. coli KLl6.
With cell wall inhibitors such as vancomycin, azlocillin,

mezlocillin and ceftazimide, however, the bactericidal effect of
the 4-quinolones remained unaffected. The authors also cite
reports of the probable synergistic effect of combinations of certain
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cell wall antagonists and 4-quinolones against Pseudomonas
aeruginosa in vivo and in vitro.

COMMENTS
This study is of relevance to the use of antimicrobial
therapy especially in the control of infections due to gram
negative bacilli. A steady and at times alarming increase
in bacterial resistance to antimicrobials has recently been
observed. There is therefore a need to periodically modify
antibacterials to enhance their activity or increase their
spectrum of activity. Recourse is also taken to the use of
antibacterials in combinations.
The 4-quinolones are structurally related compounds.

They are bactericidal by virtue of their action against
the bacterial enzyme, DNA -gyrase. Nalidixic acid-a 1,8-
naphtyridine derivative-the first therapeutic compound
in this series, has been in use for over two decades and is
effective only against gram-negative bacilli belonging to
the family Enterobacteriaceae. Plasmid mediated resistance
in bacteria due to an altered DNA-gyrase, has been
reported in 1987 in a strain of Shigella dysenteriae isolated
in Bangladesh.
Ofloxacin, norfloxacin and ciprofloxacin are fluoroquino-

lones. Ciprofloxacin has a fluorine atom, a piperazinyl
ring and a cyclopropyl ring. The modifications increase
the spectrum of activity; enhance the bactericidal effect
by damaging the bacterial cell membrane in addition to
the anti-DNA gyrase activity; provide a greater tissue
penetration and a marked post-antibiotic inhibitory effect
against both gram positive and gram negative bacteria.
Ofloxacin, a fluoroquinolone, is a pyridone-carboxylic acid
derivative of nalidixic acid. The advantage of this compound
over ciprofloxacin is its more rapid absorption and a 2 to 3
times greater serum concentration.
Single step resistance to .the fluoroquinolones is

reported to be infrequent. But bacteria resistant to the
new quinolones have been found in cases of cystic fibrosis,
chronic wound infections and urinary tract infections in
patients with long term indwelling catheters. With the
possibility of resistance, it becomes necessary to try
combinations of drugs in the management of these cases.
The antagonism between quinolones and protein syn-

thesis inhibitors such as chloramphenicol, tetracycline
and rifampicin has been documented earlier. The
authors, however, have worked out an experimental
design to study bactericidal effect rather than the MIC of
the fluoroquinolones singly and in combination with the
commonly used antibacterials which provides more
convincing evidence. The synergistic combination of the
4-quinolones and aminoglycosides and the antagonistic
effect of combinations of 4-quinolones with protein and
RNA synthesis inhibitors are important findings for clini-
cians treating patients with infections due to multi-drug
resistant organisms.
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