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Newer antibiotics: Beta-lactams and fluoroquinolones
A. MISRA, R. BHASKAR REDDY

INTRODUCTION
There has been a remarkable decline in the use of
older antibiotics in modern hospitals (e.g. penicillins,
sulphonamides, tetracyclines, etc.) since these have a
narrow spectrum of activity and are ineffective against a
large number of organisms which are rapidly developing
resistance against them. During the last decade remark-
able progress has been made in developing new antibiotics.
Most important have been those derived from modifications
of the beta-Iactam nucleus (cephalosporins), from which
the penicillins are derived. The changing bacterial flora
in hospitals and the emergence of resistant strains of
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organisms motivated basic scientists to search for anti-
biotics with
1. a greater activity against resistant organisms such as

Pseudomonas aeruginosa,
2. a broader spectrum encompassing both gram-positive

and negative aerobes and anaerobes,
3. an increased penetrability into the less accessible body

compartments such as the cerebrospinal fluid, and
4. fewer side-effects.

The newer beta-lactam and fluoroquinolone antibiotics
have increasingly found wider application, encompassing
almost every discipline of medicine. Moreover, cumula-
tive data has demonstrated their efficacy and safety in
diverse clinical settings. This review, is focussed on
beta-Iactam activity, the development of resistance
against beta-Iactam antibiotics and the newer antibiotics.
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MECHANISM OF BETA-LACT AM ACTIVITY
Beta-lactam antibiotics are derived from structural
modification of the four membered beta-lactam ring.
They inhibit the synthesis of the bacterial cell wall. The
major factors responsible for their antibacterial activity
are increased concentration, ability to diffuse through the
outer cell membrane and to resist attack by inactivating
enzymes, and an affinity for the target enzyme." The sites
of action are enzymes that produce cross-linking of the
aminoacid side chains.? To be effective, drugs have to
cross the outer cell wall which in gram-positive cocci is a
simple peptidoglycan layer. However, gram-negative
bacilli have a more complex cell wall which consists of
an inner layer of peptidoglycan covered by lipoprotein
and an outer limiting lipopolysaccharide membrane.
Penetration of antibiotics is consequently far more
difficult. After diffusion, the antibiotic binds to specific
enzymes-penicillin binding proteins (PBPs). As a result,
peptidoglycan synthesis is inhibited and autolytic
enzymes are activated leading to cell death.'

MECHANISMS OF RESISTANCE
The three primary mechanisms adopted by bacteria
against beta-lactam compounds are:
1. Production of beta-lactamases
2. Alteration of binding to PBPs, and
3. Alteration in cell permeability

Production of beta-lactamases
The beta-lactarnases hydrolyse the cyclic amide bond
of the penicillin nucleus leading to the production of
inert penicilloates." The rate at which the beta-lactam
compound passes through the' porin channels into the
periplasmic space determines whether it will be destroyed
by enzymes or will induce them. The most popular classi-
fication of beta-lactarnases is that proposed by Richmond
and Sykes in 1973.5 There are 6 types (the sixth added for
Bacteroides) based upon substrate and inhibition profiles,
molecular weight and isoelectric points. The rate of
destruction of a compound is compared with that of
penicillin G for the enzymes which function primarily as
cephalosporinases. For example, type 1Richmond-Sykes
beta-lactamases are enzymes active principally against
cephalosporins, inhibited by isoxazoyl penicillins and
partially by carbenicillin and found in Enterobacter,
Morganella and P. vulgaris, etc. Genetically, both
chromosomal and plasmid beta-lactamases have been
identified. Some of these are constitutive (e.g. plasmid
beta-lactamases of H. inJluenzae) while others are
induced by certain drugs (e.g. plasmid beta-lactamase of
S. aureus, chromosomal beta-lactamase of P. aeruginosa).
All gram-negative bacteria have beta-lactamases in their
periplasmic space." Cephalothin, cefazolin and
cefamandole induce organisms such as Citrobacter
freundii and S. marcescens to elaborate beta-lactamases
against them. These derepressed beta-lactamase produc-
ers have become increasingly important as they show
increased resistance to all cephalosporin compounds.Y
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Alteration of binding to PBPs
The PBPs in bacteria synthesize the cell wall and are the
site of attack of beta-lactam antibiotics.i-? These proteins
differ between gram-negative and gram-positive bacteria.
They also differ according to an organism's affinity or
susceptibility to various penicillins and cephalosporins.
PBP-1 and PBP-3 are the primary targets of cephalosporins
in E. coli, P. mirabilis and P. aeruginosaP

Imipenem and the beta-lactamase inhibitor, clavulinic
acid, bind to PBP-21O while the monobactam-
aztreonam-binds to PBP-3. Mutant bacteria wun altereo
PBPs have been observed in the laboratory and in the
clinical setting. These (S. pneumoniae, S. aureus etc.)
require a higher minimum inhibitory concentration
(MIC) of the antibiotic, which-if the MIC is too high-
may be rendered inactive. A beta-lactam antibiotic's
affinity, (or lack of it) for different PBPs will determine
the activity of a particular drug, especially in gram-
positive and anaerobic bacteria.

Alteration of cell permeability
It has been shown that chemical alteration of the cell wall
porin structure results in removal of the surface polysac-
charide reducing the MIC of oxacillin to E. coli." The
decreased entry of penicillins and cephalosporins through
the bacterial wall has been an important form of resis-
tance and explains the failure of beta-lactamase stable
penicillins to inhibit certain strains of bacteria. All these
mechanisms may become operative in a given bacterium,
thus allowing it to survive single or multiple beta-lactam
antibiotics.

THIRD GENERATION CEPHALOSPORINS
The basic cephalosporin nucleus consists of the four
membered beta-lactam ring fused to a dihydrothiazine
ring. Modification of the cephem nucleus at position
7 by the addition of methoxy groups (e.g. cefotaxime,
ceftriaxone) increases beta-lactamase stability but
decreases activity against gram-positive bacteria.' A
propylcarboxy group (e.g. ceftazidime) increases beta-
lactamase stability and provides activity against P.
aeruginosa and Acinetobacter,' The pharmacokinetics
and the toxicity profile may be altered by substitution of
the dihydrothiazine ring at position 3. The long half-life
of ceftriaxone is attributed to the substitution of triazine
at this site. These cephalosporins have an excellent gram-
negative spectrum due to their high affinity for PBP-1 and
PBP-3.

Cephalosporins, generally, are active against important
bacterial pathogens (Streptococci, Haemophilus, E. coli,
Klebsiella, Proteus, etc.) and have more than adequate
activity against S. aureus. They have flexible pharmaco-
kinetics, which permit variable dosage schedules depending
on the organism and the patient." There is evidence to
suggest that ceftazidime is stable against plasmid and
chromosomal beta-lactamases.l-P

A detailed review of all recent third generation
cephalosporins is beyond the purview of this article,
hence we shall focus on the most important drug of this
group, i.e. ceftazidime.
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TABLE I. In vitro susceptibility of Staphylococci and Streptococci to newer beta-lactam antibiotics

Antibiotic Methicillin Methicillin Coagulase Enterococci S. pneumoniae S.pyogenes
susceptible resistant negative
S. aureus S. aureus Staphylococci

Ceftazidime 8/16 128/128 32/32 >256/>256 0.25/0.5 0.12/0.12
Cefotaxime 212 16/128 118 256/>256 0.0110.06 <0.008/0.03
Cefoperazone 214 64/>256 4/8 32132 0.1210.25 0.12/0.12
Ceftriaxone 214 321256 0.1210.5 256/>256 0.25/0.5 0.0110.03
Imipenem 0.008/0.008 1"/2" 0.0111 1"/2 0.01/0.06 0.004/0.004
Aztreonam >128/>128 >128/>128 >128/>128 >32/>32 >32/>32 8/>32

All values are MIC 50/MIC 90 expressed in/L8l'ml " Minimal bactericidal concentration elevated.
Adapted from Thornsberry (1985)15

Antibiotic H. influenzae

TABLE II. In vitro susceptibility of gram-negative bacilli to newer beta-lactarn antibiotics

K. pneumoniae P. mirabilisP. vulgaris S. marces· Salmonella Shigella
cens

beta-lactamase
positive

beta -lactamase
negative

E.coli Cifreundii

Ceftazidime 0.06/0.12 0.03/0.12 0.06/0.12 0.25/1 0.25/0.25 0.12/0.25 0.1210.05 0.512 0.1210.5 0.06/0.06

Cefotaxime <0.008/0.03 <0.008/0.03 0.06/16 0.5/2 0.06/0.06 0.06/0.12 0.0610.12 0.2510.5 0.06/0.12 0.01/0.01

Cefoperazone 0.01/0.06 0.1210.12 1/32 8132 0.1210.12 <0.1211 0.12132 0.5/1 0.25/4 0.5/1

Ceftriaxone <0.004/0.01 <0.00410.01 0.0110.12 0.5/4 0.06/0.06 <0.121<0.12 0.03/0.12 0.1210.5 0.06/0.06 <0.004/0.008

Aztreonam 0.2510.5 0.12/0.25 212 0.5/1 <0.121 <0.12 <0.12/<0.12 0.1210.5 0.2510.5 0.12/0.25 4/4

Imipenem <0.06/<0.06 <0.0610.06 <0.06/<0.06 < 0.0612 <0.12/<0.12 <0.12/< 0.12 <0.06/0.12 < 0.0610.25 <0.06/0.12 <0.06/<0.06

All values are MIC 501MIC 90 expressed in /Lglml Adapted from Thornsberry (1985)1'

TABLE III. In vitro susceptibility of Pseudomonas and Acineto-
bacter species to newer beta-lactam antibiotics

Antibiotic P. aeruginosa Other Pseudomonas Acinetobacter

Ceftazidime 214 4/64 8/16
Cefotaxime 16/32 16/256 16/16
Cefoperazone 4/8 16/128 641128
Ceftriaxone 16/16 8/256 8/16
Imipenem 1/2 0.5/8 0.25/0.25
Aztreonam 2/8 4/16 16/64
Cefpirome 4/16 2/32 214
Cefsulodin 214 64/>256 32164
Azlocillin 4/128 Variable 64/64
Carbenicillin 128/>128 128/>128 16/32
Ticarcillin 16/> 128 Variable 8/64
Mezlocillin 16/128 Variable 64/>128
Piperacillin 4/64 8/64 16/64

All values are MIC 50IMIC 90 expressed in JLglml
Adapted from Thornsberry (1985)15

CEFT AZIDIME
Spectrum of activity
In comparison to earlier generation cephalosporins, this
antibiotic has less activity against gram-positive bacteria
(Table I). It is not a good anti-staphylococcal agent and

is less active against S. aureus than cephalothin,
cefuroxime, cefotaxime and ceftriaxone.l" It has no activity
against methicillin-resistant Staphylococcus aureus
(MRSA), S. faecalis and S. faecium but retains it against
S. pyogenes .15 However, its activity against gram-negative
organisms such as E. coli, P. mirabilis, Klebsiella and H.
infiuenzae (Table II) is of a very high order. 16 Most isolates
of other bacteria, e.g. Enterobacter, Citrobacter, Serratia,
Providenciae, Morganella and P. vulgaris are often
inhibited by a high concentration of the antibiotic."
Ceftazidime retains good activity against P. aeruginosa
(better than cefotaxime and ceftriaxone; Table III) and is
comparable to other anti-pseudomonal agents such as
imipenem, aztreonam, apalcillin and azlocillin.P-" It
inhibits 90% of P. aeruginosa at a concentration less than
8 fig/mI,particularly in isolates from community and smaller
hospitals. 15 No major increase in resistance has been
noted over several years.l" though it does develop in
patients with cystic fibrosis and intubated patients in
intensive care units.

The increased production of chromosomally mediated
beta-lactamases gives rise to ceftazidime-resistant
organisms.P-'? Some strains of P. aeruginosa can be
inhibited by cefotaxime or ceftriaxone (at 32 or 64 mgIL),
but this is not important clinically. Cefoperazone is less
active than ceftazidime in this respect. The activity of
ceftazidime against anaerobes is poor and is less than

•other third generation cephalosporins (Table IV) .13.15-17
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TABLE IV. In vitro susceptibility of anaerobes to newer beta-lactam antibiotics

Antibiotic Bi fragilis Fusobacterium Clostridium Gram-positive cocci

Ceftazidime 16/64 4/64 4/>64 4/32
Cefotaxime 8/16 4/64 8/>64 <0.5/4
Cefoperazone 321>64 16/128 1164 <0.5/2
Ceftriaxone 8/32 NA NA NA
Imipenem 0.06/2 0.03/0.5 0.06/8 0.0110.03
Aztreonam >321>32 0.12132 NA NA

Allvalues are MIC 50IMIC 90 expressed in JLglml NA Not available Adapted from Thornsberry (1985)15

Pharmacokinetics
Ceftazidime shares the pharmacokinetic properties of
other third generation cephalosporins.P It can be
administered by the intravenous route either as an inter-
mittent bolus or by continuous infusion!' and has a
half-life of 1.8 hours compared to cefotaxime (1 hour) and
ceftriaxone (8 hours). It also exhibits high protein binding
and good cerebrospinal fluid concentration. Blister fluid
studies have shown high concentrations of the antibiotic
in interstitial fluid. Ceftazidime is excreted by the kidneys
(glomerular filtration without tubular secretion) and
dosage adjustment becomes necessary when the glomerular
filtration rate falls below 40 to 50 ml/minute.

Clinical use
The third generation cephalosporins are useful agents in
the treatment of resistant infections caused by gram-
negative bacteria. They are beneficial in treating
nosocomial lower respiratory infections22,23 (especially
Klebsiella), complicated urinary tract infection.e' seriously
ill patients with septicaemia=-" and skin, bone and joint
infections.?" The long half-life of ceftriaxone makes it
effective for all through the day treatment of urinary tract
infection. It is an excellent drug for gonococcal infections
and chancroid. Ceftazidime (and cefotaxime) are now the
front line drugs for the therapy of bacterial meningitis. 28,29

This is because of its good anti-pseudomonal activity
and effective penetration in the presence of meningeal
inflammation.

Several clinical trials have evaluated the use of
ceftazidime alone in the empirical therapy of febrile
granulocytopenic patients.P-" Some of these studies
have yielded good results, especially in the treatment of
gram-negative infections. However, gram-positive infec-
tions and the emergence of resistance remain unsolved
problems. It has a special place in the management of
Pseudomonas infections. When used as a single agent, it
is useful in the management of such infections of the lower
respiratory tract22,32,33 (especially in patients with cystic
fibrosis"), bones, joints'", meninges28,29,35 and blood". It
is also effective in the treatment of melioidosis'",

Side-effects
Skin rash, fever, a positive Coombs' test, phlebitis,
diarrhoea, derangement of liver and renal function, and

leukopenia (in a small number of patients") are some of
the recorded side-effects. In addition colonization.P
superinfection and pseudomembranous colitis may
occur. 39 Hallucinations and encephalopathy have also
been observed.P-" The incidence of toxic reactions is
similar to that of other third generation cephalosporins.
However, disulfiram-like reactions, hypoprothrom-
binaemia or bleeding have not been encountered.

Recommendations
Ceftazidime, should be reserved for difficult
Pseudomonas infections and for serious diseases caused
by multi-resistant organisms (e.g. meningitis). Its weak
gram-positive activity is a drawback which should be
considered while planning therapy.

CARBAPENEMS: IMIPENEM
The discovery of Streptomyces cattleya and its antibiotic
product, thienamycin, has ushered in a new era of potent
beta-lactam antibiotics, the carbapenems. The term
carbapenem denotes similarity with the 4:5 fused ring
lactam of penicillins, the substitution of carbon for
sulphur, and the presence of un saturation in the five
membered ring.f? The hydroxyethyl side chain in the
trans-configuration is a unique feature and is responsible
for conferring remarkable beta-lactamase resistance.
Carbapenems act on bacteria by binding to all PBPs and
have special affinity for PBP-1 and PBP-2.43 One of the
important factors contributing to the remarkable activity
against a variety of bacteria is its ability to permeate
through the cell wall of both gram-positive and gram-
negative bacteria.r' This contrasts with some of the
cephalosporins and penicillins which, by virtue of bulky
substituents on their acyl side chain attached to the beta-
lactam nucleus, are not able to enter the peri plasmic space
readily."

Spectrum of activity ,
This representative antibiotic from the. carbapenem
group, has one of the broadest antibacterial spectrums
of all antibiotics. It has good activity against MRSA,
coagulase-negative Staphylococci, Pneumococci and
beta-haemolytic Streptococci (Table I). However, a small
number of S. faecium strains have been uniformly resis-
tant." Among gram-negative organisms, Acinetobacter,
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H. influenzae, Neisseria and most Pseudomonas are sen-
sitive to it (Tables I, II), P. maltophilia and P. cepacia
being resistant. 46 It also has marked activity against
E. coli, Klebsiella, Salmonella, Shigella, Yersinia,
Enterobacter, Citrobacter freundii and Serratia (Table II).
Flavobacterium, Corynebacterium and Chlamydia have
been found to be resistant. Against anaerobes its activity
approaches that of metronidazole and it is superior to
c1indamycin, moxalactam and cefoxitin (Table IV).47,48
The beta-Iactamase stability of imipenern can be judged
by a rate of less than 1% hydrolysis by 18 beta-Iactamases
(compared to the 100% hydrolysis of cephaloridinej.P Its
stability has been demonstrated against both plasmid and
chromosomally mediated beta-Iactamases. However, the
emergence of resistance with P. aeruginosa (upto 17% or
morej'? may be a problem. Imipenem acts synergistically
with aminoglycosides against S. [aecalis r' P. aeruginostr?
and Listeria. 53

Pharmacokinetics
Imipenem is extensively metabolized by a renal
dipeptidase-dehydropeptidase I-resulting in low
urinary levels. 54To counter this action, a specific inhibitor,
cilastatin, has been developed. 55 When cilastatin is
administered along with imipenem in a 1:1 ratio, it pro-
vides prolonged and irreversible blockade of imipenem
metabolism in the kidneys and prevents proximal tubular
necrosis.v Both achieve similar serum concentrations
with a half-life of 1 hour and principal elimination through
the kidneys. 56 The protein binding of imipenem is low
(13% to 21 % )56and it is distributed through various body
tissues including the cerebrospinal fluid.F Imipenem has
a relatively modest effect on intestinal flora. 58 A dose
adjustment is required in patients with markedly reduced
renal function and additional dosing is required after
haemodialysis." The dose of imipenem/cilastatin should
be reduced by SO% if the creatinine clearance is less than
30 ml/minute and only SOO mg should be given every
12 hours if the creatinine clearance is less than 10 ml/minute,

Clinical use
The principal use of imipenem is in the treatment of
infections resulting from multi-resistant organisms,
polymicrobial infections, complicated urinary tract infec-
tions and Pseudomonas infections. It is useful for treating
complicated urinary tract infections.s" intra-abdominal
infections.?' bacteraemia.P pneumonias.v endocarditis.v'
gynaecological infections." osteomyelitis= and soft tissue
infections.s? Comparative trials have established that
imipenem is as efficacious as cefotaxime for aerobic infec-
tions68 and is equivalent to the combination of c1indamycin
and gentamicin in treating intra-abdominal polymicrobial
infections.s? The fact that imipenem is active against
gram-positive and gram-negative organisms as well as
anaerobes, makes it a suitable agent for the empirical
monotherapy of these serious infections. However,
further trials are needed to establish its use in the
monotherapy of neutropenic patients with fever. 70 Its
role in the therapy of meningitis is also uncertain."
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Side-effects
These are similar to those of the other beta-Iactam
antibiotics. Seizures may occur in I.S% of patients treated
with imipenern" and at lower drug concentrations com-
pared with penicillin or cefotaxime." Caution should be
exercised when administering imipenem in patients with
renal failure or cerebral lesions. Other side-effects
include nausea, vomiting, diarrhoea, hypersensitivity
reactions, altered liver function tests, a positive Coombs'
test, superinfection with Candida and other bacteria,"
and elevation ofthe serum amylase levels.?"

Recommendations
The remarkable spectrum and its efficacy when given with
cilastatin makes this antibiotic a valuable drug in hospital
acquired polymicrobial and multi-resistant organism
infections.

MONOBACT AMS: AZTREONAM
Aztreonam belongs to the family of monobactam anti-
biotics. The beta-Iactam ring is activated through a
sulphonic acid group on the nitrogen at position 1 of the
monobactamic nucleus." Its activity against gram-
negative bacteria and Pseudomonas is conferred by its
aminothiazolyloxime side chain at position 3 of the
3-AMA nucleus and the carboxy group on the side chain."
Because it binds to PBP-3 of gram-negative bacteria,
inhibition of cell wall synthesis occurs." Aztreonam
is highly resistant to enzymatic hydrolysis by beta-
lactamases produced by gram-negative and gram-positive
bacteria.P It is unique in its inability to induce the
production of chromosomally mediated beta-Iactamases. 77

Spectrum of activity
The main drawback of aztreonam is its limited spectrum
of activity. It is virtually inactive against gram-positive
organisms (Table I) but is active against gram-negative
aerobic bacteria, thus simulating a range of organisms
covered by the aminoglycosides.l=t' It has good activity
against H. influenzae, E. coli, K. pneumoniae, P. mirabilis,
P. vulgaris, Salmonella, Shigella, Providencia and Mor-
ganella (Table II). It is also active against Pseudomonas
aeruginosa (Table 111).78,79,81Resistant organisms include
some Citrobacter freundii, Enterobacter aerogenes and
Legionella pneumophila. No major change of susceptibility
pattern has been observed over a S-year period for the
Enterobacteriacae, although increased resistance has been
noted with cephalosporins against these organisms.F
A SO% increase in resistance has been observed over a
S-year period against P. aeruginosa and Acinetobacter
anitratus, a property it shares with other beta-Iactams and
gentamicin.P

Pharmacokinetics
Aztreonam can be safely administered by the intramuscular
and intravenous route in 8-hourly doses. The serum and
urine levels of aztreonam after O.S, 1 and 2 g doses are
potentially therapeutic for susceptible gram-negative
organisms.P Its distribution is uniform in important body
compartments in concentrations exceeding the MIC.
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Glomerular filtration and tubular secretion are the principal
mechanisms of excretion.P Monobactams can be cleared
by haemodialysis but only minimally by peritoneal
dialysis. It causes little disturbance of normal bacterial
flora.

Clinical use
As is evident from its spectrum of activity, aztreonam can
be effectively used in gram-negative infections at various
sites, urinary tract infections, lower respiratory tract
infection, septicaemia, intra-abdominal infections,
gonorrhoea= and infections in neutropenic hosts.f" How-
ever, caution should be exercised when using aztreonam
as single agent therapy in seriously ill patients because of
its limited activity and an additional agent active against
gram-positive and anaerobic bacteria should be used.
Currently, it can be recommended as single agent empirical
therapy only for severe urinary tract infections.t" When
combined with aminoglycosides, aztreonam shows a high
incidence of synergistic activity against Pseudomonas
aeruginosa and to a lesser extent against Acinetobacter. 87

Side-effects
They are similar to those of beta-Iactam drugs. In 2% of
patients the drug has to be discontinued because of severe
adverse reactions.88,89 Gastrointestinal and skin hyper-
sensitivity reactions. also occur. Aztreonam is weakly
immunogenic and has minimal cross-reactivity with
penicillins.P':?' Rarely, a positive direct Coombs' test and
transient derangement of liver function have been
reported but it is not nephrotoxic.

Recommendations
Aztreonam is a useful addition to the group of drugs
active against aerobic gram-negative bacteria known to be
resistant to other agents and is a safer alternative to
aminoglycosides in combination regimens. However, the
potential benefit of aztreonam over other relatively non-
toxic agents (e.g. ceftazidime and imipenem) is yet to be
determined except in patients allergic to penicillin.

FLUOROQUINOLONES
These compounds are structurally related to the older
quinolones (e.g. nalidixic acid); they contain a fluorine
atom that is responsible for activity against gram-positive
organisms. Activity against gram-negative bacteria and
Pseudomonas is provided by the piperazine ring.92 The
oxazine ring is the unique feature of the structure of oflox-
acin and results in excellent in vitro activity against gram-
positive bacteria, Enterobacteriacae and Pseudomonas. 93
These drugs act by blocking bacterial DNA replication
and inhibiting DNA gyrase (topoisomerase II) which is an
essential prokaryotic enzyme that catalyses chromosomal
DNA supercoiling.P' Newer quinolones include nor-
floxacin, ciprofloxacin, ofloxacin, enoxacin, pefloxacin,
fleroxacin and lomefloxacin.

Bacterial resistance to the newer quinolones occurs less
frequently than to their older analogues. Single step
mutations conferring a greater than eight-fold increase in
minimal inhibitory concentrations occur at frequencies of
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less than 10-10 for many bacterial species and 10-8 for
P, aeruginosa.v Resistance may emerge due to mutations
in the A or B subunit of DNA gyrase. In addition, mutation
may result in poor drug penetration with an altered porin
outer membrane and pleiotropic resistance to a variety of
antibiotics.w?? For some mutants, reduced accumulation
of the drug is associated with active quinolone efflux
across the inner membrane. 98 Some highly resistant
strains appear to have both altered DNA gyrase and poor
drug permeation. 99 Clinically, resistance has been seen
in infections with P. aeruginosa, S.marcescens and
Staphylococci in diverse clinical situations, e.g. pneumonia
in patients with cystic fibrosis, chronic wounds and urinary
tract infection with an indwelling urinary catheter .100,101

Spectrum of activity
Fluoroquinolones are active against S. aureus (including
MRSA), S. epidermidis and Streptococci (Table V).92,I02.103

Ofloxacin inhibits S. pneumoniae, an organism against
which new quinolones may have poor or borderline
activity.P' These drugs are active against H. inf/uenzae,
Neisseria, E. coli, Klebsiella, Proteus, Enterobacter,
Serratia and Citrobacter (Table V).92.102 Excellent activity
has been observed against Salmonella, Shigella, E. coli,
Campylobacter and other bacterial enteric pathogens
(Table V). 102The activity of quinolones against anaerobes
is poor. Although ciprofloxacin is the most active quinolone
against P. aeruginosa, the MICs of the drug are often near
the limits of clinically achievable drug concentrations. For

TABLEV. Comparative in vitro activity of new quinolones

Organism Ciprofloxacin Norfloxacin Ofloxacin Enoxacin

E. coli 0.25 0.25 0.25 0.25
K. pneumoniae 0.25 0.5 0.25 0.25
Enterobacter 0.25 1 0.25 0.5
Citrobacter 0.25 1 0.25 0.25
Serratia marcescens 1 2 2 2
Shigella 0.12 0.25 0.25 0.25
Salmonella 0.12 0.25 0.25 0.25
P. mirabilis 0.12 0.25 0.25 0.25
P. aeruginosa 1 8 4 2
Acinetobacter 1 8 1 8
S. aureus 0.25 1 0.5 2
(methicillin sensitive)
S. aureus 0.25 4 2 4
(methicillin resistant)
S. epidermidis 0.5 2 4 8
Streptococci (A) 1 4 2 8
Streptococci (B) 1 8 2 16
S. pneumoniae 2 8 2 16
H. influenzae <0.06 <0.12 <0.12 <0.12
N. gonorrhoea <0.06 <0.12 <0.12 <0.12
N. meningitidis <0.06 <0.12 <0.12 <0.12
B.fragilis 16 >32 8 <32
M. tuberculosis 1 1
Brucella 1 8 2 8
M. pneumoniae 1 8 1 8

Adapted from Neu (1988)92
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this reason, and based on the observation that resistance
to ciprofloxacin can arise during therapy, it may be
beneficial to combine it with other beta-Iactam antibiotics
since a synergistic action may be observed.10S-107 Combi-
nation of ciprofloxacin with aminoglycosides is primarily
indifferent'P' and antagonism may result when it is used in
combination with chloramphenicol. Recently, anecdotal
reports have appeared regarding the use of ciprofloxacin'?'
and ofloxacin'!" in various anti mycobacterial combina-
tions. A study has demonstrated that a combination of
ciprofloxacin and rifampicin is better than the standard
therapeutic regimen for Mycobacterium tuberculosis in
the mouse model. 111 In a preliminary study, it has been
observed to be effective against Plasmodium falciparum. 112

Activity against C. trachomatis, Rickettsia and C. burnetti
has also been demonstrated.

Pharmacokinetics
Absorption from the gastrointestinal tract is variable,
only ofloxacin and pefloxacin being fully absorbed.
Magnesium and aluminium antacids, and iron and zinc
may interfere with its absorption. The pharmacokinetic
profile of ofloxacin suggests that it achieves a higher peak
serum concentration and has a longer terminal elimina-
tion half-life than ciprofloxacin.U! Fluoroquinolones are
widely distributed in body fluids and tissues, and attain
high concentrations in the saliva and bronchial epithelium.
High levels in alveolar macrophages and polymorphonuc-
lear leukocytes help in killing intracellular organisms.F
The drug levels of ciprofloxacin, ofloxacin and pefloxacin
achieved in the cerebrospinal fluid are adequate. The
excretion route is through the kidneys by tubular secretion
and the dose has to be modified in patients with renal
failure.

Clinical use
Quinolones are excellent agents for treating infections of
the lower and upper urinary tract-" and the prostate.!"
Optimal use has been demonstrated in complicated and
nosocomial urinary tract infections without obstructive
lesions, since resistance may develop quickly in such
patients. Norfloxacin administered over a prolonged
period of time has been used as a prophylactic agent for
prevention of recurrent urinary tract infection. Its efficacy
in acute infectious diarrhoea caused by a multitude of
bacterial agents is well established.!" Fluoroquinolones
have also been demonstrated to be effective in enteric
fever, especially in infections caused by multi-resistant
strains of S. typhi117-119 and in the typhoid carrier state. 120

Salmonella infections, especially in immunocompromized
hosts, may need prolonged therapy.!" Other clinical uses
include necrotizing otitis, bacterial bronchitis, septicaemia,
cystic fibrosis, and skin, wound and bone infections.f
However, quinolones cannot be recommended as the
treatment of choice for community-acquired pneumonias,
due to a less than optimal efficacy against S. pneumoniaeF'
All quinolones are effective in the treatment of gonorrhoea,
including penicillinase-producing strains. 123 They are less
effective than tetracyclines in the treatment of Chlamydia
infection.P' Ofloxacin may be most effective among
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these.J" Preliminary studies indicate that ciprofloxacin-"
and enoxacin'P may be useful in chancroid. The place of
quinolones in the treatment of malaria, tuberculosis and
brucellosis is promising but should be considered to be at
an experimental stage. They have been used in empirical
combination regimens in patients with neutropenia with
fever. 128-130 At present, no firm conclusions can be drawn
regarding the usefulness of quinolones in the treatment of
bacterial meningitis. As prophylactic agents, they have
been used in the elimination of the nasal carriage of
MRSA and N. meningitides and as gut decontaminating
agents in neutropenic patients undergoing cytotoxic
chemotherapy or bone marrow transplantation.

The emergence of resistance against quinolones by
P. aeruginosa and MRSA remains a problem. Indeed, up
to 10% of urinary isolates of P. aeruginosa+ and up to
50% of MRSA 132,133 are resistant to currently used
quinolone compounds. .

Side-effects
These agents are generally well tolerated. Occasionally
nausea, vomiting, dizziness, headache, insomnia and
depression have been observed and arthralgias, myalgia,
tendinitis and erosion of the cartilage of weight-bearing
joints in dogs124 have also been reported. These side-
effects are, however, rarely encountered clinically. A
reproductive toxicological study in monkeys has shown no
increased incidence of abortion. 134 However, since foetal
damaget'" and bony abnormalities-" have been reported
in animal studies, these agents are not recommended for
use during pregnancy. Combination with high doses of
non-steroidal anti-inflammatory drugs may result in
neurotoxicity .134 Toxicity due to elevated theophylline
levels may occur when it is used together with ciprofloxa-
cin.136,137 Ofloxacin is safe in this regard.

Recommendations
The fluoroquinolones are excellent first line agents for the
treatment of urinary tract and related infections, gastro-
intestinal infections, Salmonella infections (especially
multi-resistant typhoid fever) and carrier states, and in
P. aeruginosa infections (in combination with other
anti-pseudomonal drugs). Due to the emergence of resis-
tance (especially in P. aeruginosa and MRSA), their
indiscriminate use should be avoided.

CONCLUSION
Increasing longevity, the use of cytotoxic anti-cancer
chemotherapy, immunodeficiency diseases, indwelling
catheters and the widespread use of life support systems
are some of the factors responsible for the emergence of
unusual, virulent and resistant bacterial strains in the
1980s. The pace of development of newer antibiotics to
counter these has been satisfactory, though measured and
costly (Table VI). Clinicians are still afraid of a situation
where a given bacterium is resistant to all the available
antibiotics. In countries such as India, where strict drug
regulations are lacking, indiscriminate use of antibiotics
is a real problem. These newer antibiotics have to be
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TABLE VI. Cost and availability of newer beta-lactarns and
fluoroquinolones in India

Name Cost Availability

1. Third generation cephalosporins
Cetazidime Rs 113.50 (500 mg vial) Yes
Cefotaxime Rs88.70(500mgvial) Yes
Ceftriaxone Rs 194(500 mg vial) Yes
Cefoperazone No

2. Carbapenems
Imipenem-cilastatin No

3. Monobactams
Aztreonam No

4. Fluoroquinolones
Ciprofloxacin RsI8(5OOmgtablet) Yes

Rs 60 (200 mg vial)
Ofloxacin Rs 14.30 (200 mg tablet) Yes
Pefloxacin Rs 12 (400 mg Tablet) Yes

Rs 40 (400 mg vial)

judiciously administered after careful consideration of the
indications, cost, route of administration, dosage and
pharmacokinetic profile of individual drugs. Poly-
antimicrobial therapy, consisting of the use of two or
more antibiotics with similar actions (but not synergistic)
should be strongly discouraged.
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