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Abstract: Fluoroquinolones are broad-spectrum antibiotics that are considered as first line drugs to treat infectious
diseases. In order to find out useful fluoroquinolones, the antibiotic resistance of fluoroquinolones, namely, ofloxacin
(OFL), ciprofloxacin (CIP), norfloxacin (NRF), enoxacin (ENX), pefloxacin (PFL) and levofloxacin (LVF) was
investigated against ninety five clinical isolates that includes Staphylococcus aureus, Pseudomonas aeruginosa,
Klebsiella pneumoniae and Proteus mirabilis. In vitro activity of these isolates was carried out by agar dilution method.
All Staphylococcus aureus were sensitive to OFL at 2 ug/ml. About 6% isolates of Klebsiella pneumoniae were found to
be resistance to LVF and ENX, 6% to CIP, OFL and PFL and none of the isolates were resistant to LVF and ENX.
Percentage resistance of P. aeruginosa was found to be 4.35% to CIP, 7% to OFL and 2.2% to NRF, whereas 8.69% to
ENX, 0% to PFL and 17.4% to LVF, respectively. The present study provides the data about the emergence of resistance
to fluoroquinolones among gram positive and gram negative bacteria and strongly recommends the rational and
appropriate use of these antibiotics.

Keywords: Fluoroquinolones, antibiotic resistance, Staphylococcus aureus; Pseudomonas aeruginosa, agar dilution

method.

INTRODUCTION

Bacterial resistance to antimicrobial agents is a serious
problem in the treatment of Infectious diseases. One of
the most effective ways to control antibiotic resistance is
the  development  of  surveillance  programs.
Fluoroquinolones belong to broad spectrum antibiotics
which are used in the management of many infectious
diseases. These broad spectrum antibiotics are easily
administered and have excellent gastrointestinal
absorption, tissue penetration and lack of unwanted side
effect (Bonomo et al., 1977). These are classified into
first, second and third generation (Albrech et al., 1997,
Koga et al., 1980 and Wise et al., 1986) and includes
norfloxacin, ciprofloxacin, ofloxacin, pefloxacin,
enoxacin etc. These quinolones are analogues of the
earlier developed agent, nalidixic acid. They are more
potent and broad antibacterial spectrum than nalidixic
acid. The fluoroquinolones exert their effect by binding to
the enzymes DNA gyrase and topoisomerase 1V, which
are involved in DNA replication (Luttinger et al., 1995).
The lethal effect of quinolone occurs when an
intermediary complex of drug and enzymes blocks its
replication, and gyrA and parC genes encode two key
target enzymes. Fluoroquinolones resistance may result
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from chromosomal mutations coding for modification in
target subunits (primary gyrase A but also gyrase B) of
bacterial topoisomerase (Gootz et al., 1996, Bryan et al.,
1989, Wolfson et al., 1989) ciprofloxacin has rapidly
become one of the most frequently prescribed oral
antibiotics. We have observed widespread inappropriate
use of ciprofloxacin and describe several patterns of
misuse.( Thomas and Richard 1990).

Ciprofloxacin is more active than norfloxacin against P.
aureginosa, enterococci and pneumococci. Values of
MIC90 range from 0.5 to 6 pg/ml. Ciprofloxacin,
ofloxacin, pefloxacin and sparfloxacin also have good
activity against Staphylococci. MIC90 range from 0.1-
1ug/ml. Norfloxacin, ciprofloxacin and ofloxacin (second
generation quinolones) are given for 5 days in the
treatment of patients with shigellosis. Ciprofloxacin and
ofloxacin treatment cures most patients with enteric fever
caused by S. typhi. Levofloxacin has superior activity
against gram positive organisms. The quinolones are
being used as part of multiple-drug regimen for the
treatment of multiple-drug-resistant tuberculosis (William
et al.,, 2006). The antimicrobial surveillance program
should continue to monitor the antimicrobial activity of
these newer agents throughout the world, to identify
emerging resistant strains and to facilitate possible
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intervention strategies as these newer compounds are used
in the clinical setting.

MATERIALS AND METHODS

Collection of clinical isolates

Gram positive and Gram negative clinical isolates were
collected from different pathological laboratories and
hospital in Karachi. These strains were inoculated in
slants containing Muller Hinton Agar (Darmstadt,
Germany) at 37°C and stored at temperature between 2-
4°C (Frobes et al., 1998).

Preparation of stock solution

Reference Standardized powder of different newer
quinolones has collected from different pharmaceutical
industries, i.e. Ciprofloxacin (Bayer AG Pakistan (Pvt.)
Ltd.), Levofloxacin (Aventis Pharma (Pvt) Ltd.),
Pefloxacin (Sami Pharma (Pvt.) Ltd.), Enoxacin (Abbott
Laboratories (Pvt.) Ltd.), Ofloxacin (Hoechst Marion
Roussel Pakistan (Pvt.) Ltd.), Norfloxacin (Novartis
Pharma (Pak.) Ltd.). For preparing antibiotics stock
solution, standardized (lyophilized) powder materials
were completely dissolved in sterilized double distilled
water or other suitable solvent. The stock solution was
then used for making dilution to give the required
concentration of each drug and stored in a highly sealed
containers at 20°C (Lorian; 1999).

Preparation of media

Muller Hinton Agar and Muller Hinton Broth were
prepared in screw capped flask, test tubes. After
autoclaving the medium was cooled at 45-50°C in water
bath (Bertina; 1987)

Agar dilution susceptibility test

In order to perform agar dilution susceptibility test, the
antibiotic was incorporated into a liquefied agar medium
(40-45°C), which was then mixed, poured into Petri
dishes and allow to solidify. A series of Petri plates were
prepared with increasing concentration of drug and with
the aid of a multiple inoculums replicator containing 11
wire loops, one for the standard and 10 for the clinical
isolates (Steers et al., 1959). The inoculated plates were
allowed to stand undisturbed until the spot of inoculum
absorbed completely. These plates were then inverted and
incubated at 37°C for 16 to 24hrs (Lorian, 1991). The
incubated plates were examined for the presence or
absence of growth. The lowest concentration of each
antimicrobial agent that inhibited growth was considered
the MIC. In order to evaluate MIC results, NCCL
(National Committee for Clinical Laboratories Standards)
recommendations were applied. The Acquisition of
resistance was defined as increase in MIC of at least 4-
fold (Hamzehpour et al., 1994).

RESULTS

To determine bacterial resistance to fluoroquinolones,
clinical isolates were collected from different hospitals of
Karachi. Drug susceptibility testing was performed. Six
fluoroguinolones were tested against 95 clinical isolates
including 27 Gram-positive and 68 Gram-negative
bacteria. MICq, and percentage of susceptible and
resistant isolates among 95 clinical isolates are
summarized in table and fig.

DISCUSSION

Bacterial resistance to antimicrobial agents is a serious
problem in the treatment of Infectious diseases. To
observe the emergence of resistance, six fluoroquinolones
were tested against 95 clinical isolates including 27
Gram-positive and 68 Gram-negative bacteria. Clinical
isolates of Staphylococcus aureus (n=27) showed highly
variable pattern of antibiotic sensitivity. All of the isolates
were sensitive to OFL at 2 pg/ml was observed. The
present studies showed that against S.aureus, OFL is
superior to other antibiotics tested. Almost similar
findings were also reported (George et al., 1995 and
Goldblatt et al., 1998). Fluoroquinolones resistance of
Pseudominas aeruginosa (n= 46) was found to be 4.35%
to CIP, 7% to OFL and 2.2% to NRF, whereas 8.69% to
ENX, 0% to PFL and 17.4% to LVF, respectively.
Aerobic gram negative bacilli are the most susceptible
bacteria to CIP (William and Petri; 2006). The result in
the present study showed that P. aeruginosa is moderately
susceptible to CIP. Another researcher also reported
similar increase in resistance to CIP among P.aeruginosa
(Walker; 1999). Fluoroquinolones are concentration
dependent antibiotics and when bacteria are exposed to
sub lethal concentration, resistance can be induced (Regis;
2003). Norfloxacin, ofloxacin and ciprofloxacin are the
fluoroguinolones with mainly gram-negative coverage
used for UTIs. Ciprofloxacin is most notably used for its
coverage against Pseudomonas aeruginosa. Its use is
limited in some case due to ciprofloxacin resistance
strains (Karlowsky; 2003 and Smith et al., 2005).

During the present study, all (n=17) isolates of Klebsiella
pneumoniae were found to be sensitive to LVF and ENX
whereas, 6% to CIP, OFL and PFL. Increased resistance
to NRF was observed (12%). Oni et al. in 2001 reported
the increase in resistance among Klebsiella spp. to CIP.
Five isolates of Proteus mirabilis analyzed during this
study showed 0% resistance to CIP, OFL, NRF, PEF and
ENX. 40% resistance to LVF among Proteus mirabilis
was observed. Percentage sensitivity to different
fluoroquinolones of P.mirabilis as exhibited in this study
may partly be attributed to the fact that the total number
of isolates was too small. Ongoing surveillance of
Enterobacteriaceae will be particularly important to
monitor changes in fluoroquinolone susceptibility as well
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Table: Standard MIC, MICy, and percentage of resistant isolates among 95 bacterial isolates.

Bacterial isolates Fluoroquinolones* Standard MIC” MICso Resistance

pg/ml pg/ml %

Staphylococcus aureus (n=27) CIP 0.5 >8 49
OFL 0.5 1 0

NRF 1 >16 33.3

ENX 2 >32 22.3

PFL 0.5 >8 52

LVF 0.5 >8 63
Klebsiella pneumoniae (n=17) CIP 0.5 2 6
OFL 1 4 6

NRF 0.25 >4 12
ENX 0.5 0.25 0

PFL 0.5 0.25 5.88
LVF 0.25 0.125 0

Pseudomonas aeruginosa (n=46 ) CIP 4 8 4.35
OFL 2 4 7

NRF 2 8 2.2

ENX 8 64 8.69
PFL 8 4 0

LVF 8 >64 174
Proteus mirabilis(n=>5) CIP 0.0625 <0.03125 0
OFL 0.5 <2 0
NRF 0.25 <0.5 0
ENX 0.25 0.125 0
PFL 2 1 0

LVF 0.25 >4 40

*Ofloxacin (OFL), ciprofloxacin (CIP), norfloxacin (NRF), enoxacin (ENX), pefloxacin (PFL) and levofloxacin (LVF). “Standard

MIC(minimum inhibitory concentration)
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10

60

50

40

30

20

10
0‘

CIP OFLNRFENXPFL LVF CIP OFLNRFENXPFL LVF CIP OFLNRFENXPFL LVF CIP OFLNRFENX PFL LVF

Fluoroquinolones, Ciprofloxacin (CIP), Ofloxacin (OFL), Norfloxacin (NRF), Enoxacin(ENX), Pefloxacin (PFL)
and Levofloxacin (LVF).

Fig: Percentage resistance against fluoroquinolones among 95 bacterial isolates

as changes in the prevalence of isolates resistance to
multiple classes of antimicrobial agents (Jones and
Pfaller; 2000). Table and graph show the MIC90 of all
fluoroquinolones against different groups of organisms.
The MIC90 of OFL against gram-positive bacteria was

lower than that of CIP and NRF. The bactericidal activity
of CIP and NRF against Gram negative isolates is
comparable but MIC90 of NRF is higher than MIC90 of
CIP and OFL against Gram positive as well as Gram
negative bacteria (Tripathi; 2008). Increase in MIC90 of
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ENX, PEF and LVF against S.aureus and P. aeruginosa
was observed. MIC90 of LVF against all bacterial isolates
was increased except Klebsiella pneumonia. Monotherapy
with fluoro-quinolones is a better choice because of
quicker clinical response and less toxicity. Heavy
dispensing of fluoroquinolones could eventually lead to
resistance among pathogens to these drugs (Al Gamdi,
2001 and Knox et al., 2003). Ofloxacin has shown among
six fluoroquinolones used in our study, promising activity
(above 95% inhibition) against clinical isolates at
concentrations lower than the peak serum levels. The
present study provides the data about the emergence of
resistance to fluoroguinolones among Gram positive and
Gram negative bacteria from South Asia. Similar results
were also reported from different parts of the World
(Panahi et al., 2008).

Emergence of bacterial resistance has observed in the
study. Antibiotic surveillance program should be
conducted to reduce the risk of development of resistance.
The study strongly recommends the adherence to the
antibiotic policy and regular susceptibility testing to
overcome the problem associated with antimicrobial
resistance.
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