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Introduction

Lomefloxacin: a once-a-day quinolone

S.W.B. Newsom

Papworth Hospital, Cambridge, UK

(Accepted 17 September 1992)

The introduction of norfloxacin and pefloxacin
marked the advent of the new more powerful qui-
nolones, forerunners of a group of drugs now widely
used — particularly for treatment of urinary tract in-
fections and out-patient lower respiratory tract in-
fections. Quinolones are also proving of value for
gonococcal infections and those gastrointestinal in-
fections that require antimicrobial therapy.

Lomefloxacin was discovered in Japan; it has a
methyl-piperazinyl group which means that in addi-
tion to a wide spectrum of activity, and a high po-
tency, it is almost completely absorbed, and has a
prolonged (7-8 h) half-life in the blood allowing the
once-a-day dosage.

The papers presented here arise from work
around the world as part of an ambitious clinical
trials program conducted outside of Japan by Searle
and complement those already published describing
the trials carried out in the USA (Am J Med
1992,:92:Suppl 4A4) to provide readers with an over-
view of the efficacy, safety and potential clinical uses
of lomefloxacin. Such a program unites scientists
and doctors from many countries into one large
group. This program was of interest not only in eval-
uating the properties of the drug, but also in reflect-
ing problems and attitudes in different countries.
The two international symposia at which these pa-
pers were presented allowed for wide-ranging dis-
cussions between participants from all over the
world.

Correspondence to: Dr S.W.B. Newsom, Papworth Hospital,
Papworth Everard, Cambridge CB3 8RE, UK.

The initial clinical program was focused on uri-
nary tract and lower respiratory tract infections.
While the use of quinolones for the urinary tract is
now well established, that for lower respiratory in-
fections has always been subject to doubt with re-
gard to the efficacy against Streptococcus pneumo-
niae. The studies reported by Yernault and Russell
are therefore of interest. Although there was some
selection of patients to exclude those with commu-
nity-acquired pneumonia, many were unselected.
Lomefloxacin eradicated pneumococci in 70% of pa-
tients with acute exacerbations of chronic bronchitis
from whom this organism was recovered. In exacer-
bations caused predominantly by Gram-negative
flora, lomefloxacin given once a day was superior to
amoxicillin given three times daily.

Also of note is the paper on treatment of diarrhea
by Seto, Lau, Gotuzzo and Carillo from Hong Kong
and Peru. For those enteric infections where an anti-
biotic may be indicated the quinolones offer signifi-
cant clinical benefits; it is pertinent to note that
lomefloxacin has been used with success for cholera
in South America.

To date quinolones have rarely been used for skin
and soft tissue infection in which the infecting organ-
isms are predominantly Gram-positive. However,
the paper by Amaya-Tapia et al. implies that treat-
ment of the Gram-negative bacteria often found in
association with such infections may cause an im-
provement, and that the quinolones have a role in
this common affliction.

This special issue also includes two important re-
views from New Zealand. Bailey has reviewed the



short-term therapy for acute uncomplicated urinary
tract infection, noting that 3-day courses are now
well established and holding out the hope of single-
dose therapy. Finally, Robson has provided an au-
thoritative review of the pharmacokinetics of qui-
nolones — into which lomefloxacin fits as a very
‘clean’ drug. The latter review also includes mention
of the first data on repeated doses of lomefloxacin in

renal failure — obviously a topic of interest for a drug
with renal excretion and a long half-life.

These studies show that lomefloxacin can com-
pete satisfactorily with conventional therapies for
some common infections. The convenience of a once
daily dosing should ensure continuing interest in this
drug.
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Review

Quinolone pharmacokinetics

R.A. Robson

Department of Nephrology, Christchurch Hospital, Christchurch, New Zealand

(Accepted 18 September 1992)

Introduction

The fluoroquinolone group of antimicrobial
agents has a broad antibacterial spectrum and is ac-
tive against most Gram-negative and many Gram-
positive bacteria. The pharmacokinetics of these
drugs has been extensively studied across a range of
subjects including healthy young volunteers, the eld-
erly, patients with renal impairment, and patients
with liver disease. The fluoroquinolone group exhib-
itsexcellent oral bioavailability, extensive tissue pen-

Correspondence to: Dr R.A. Robson, Dept. of Nephrology,
Christchurch Hospital, Private Bag 4710, Christchurch 1, New
Zealand.

etration, low protein binding, and a long elimination
half-life. There are, however, significant differences
between individual fluoroquinolones in their oral bio-
availability, route of elimination, elimination half-
life, and drug interactions. This review will compare
and contrast the pharmacokinetics of some of the
quinolone group, specifically pefloxacin, cip-
rofloxacin, enoxacin, norfloxacin, ofloxacin, fler-
oxacin, and lomefloxacin.

Absorption
As a group, the fluoroquinolones demonstrate

rapid absorption following oral administration.
After oral administration, the time (7,,,,) to reach
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Fig. 1. Structure of lomefloxacin.

maximum concentration (C,,,) 1s approximately
0.5-3.0 h [3]. Lomefloxacin and ciprofloxacin peak
concentrations are achieved after 1-2 h. There are
variations between the dose and maximum plasma
concentrations achieved. After a single 400 mg oral
dose of norfloxacin the mean C,,, is in the range
1.4-1.6 mg/l; however, bioavailability decreases with
increasing dose and the average is approximately
70% [20]. Similarly, ciprofloxacin achieved a C,,,,, of
2.5 mg/l after a 500 mg dose but significant differ-
ences have been demonstrated in the bioavailability
of different dosage forms of the drug[7]. By contrast,
fleroxacin achieved a mean C,,,,, of 5-6 mg/l follow-
ing a single 400 mg dose and pefloxacin a C,,, of
6.0-6.5 mg/l following a 600 mg dose [27]. Ofloxacin
also achieved a higher mean C,,, value of 3.2-5.0
mg/l following a 400 mg dose [10]. Dose-proportion-
ality occurred with increasing oral doses of the drug.
The absolute bioavailability of ofloxacin ap-
proached 100%. This is also the case for
lomefloxacin which demonstrates a good correla-
tion between dose and C,,,, over the range 100-800
mg following single-dose oral administration; the
Cax achieved after a 400 mg dose is 3.0-5.2 mg/1 [43].

Effect of food

The absorption of fluoroquinolones is only
slightly affected by food. Food does not reduce the
absorption of ofloxacin, ciprofloxacin, pefloxacin,
and lomefloxacin to a clinically important extent.
There are, however, differences in the rates of ab-
sorption for the different quinolones. The C,,,, for
ofloxacin is reduced to 69% and T,,,, is prolonged by
203% compared with the fasting state [19]. In con-
trast, the effect of food on lomefloxacin absorption is
small with the area under the curve (AUC) reduced
to 91-94%, C,.x reduced to 83-87% and T,,,, pro-

longed to 169—-172%. The type of meal (standard ver-
sus high fat) does not significantly affect the magni-
tude of this interaction of food with lomefloxacin
absorption [21]. The clinical significance of the ef-
fects of food on quinolones is speculative but it is
likely that a large reduction in C,,, may result in
lower efficacy.

Accumulation has been reported following multi-
ple doses. In the case of ofloxacin, there is a small
degree of accumulation of the parent drug. How-
ever, for those quinolones where metabolites have
been identified, enoxacin, pefloxacin and cip-
rofloxacin, accumulation of metabolites can occur.
The degree of accumulation is linked to the level of
renal impairment. No accumulation of lomefloxacin
has been reported after multiple dosing in healthy
volunteers and C,,,, values approximate those meas-
ured after single dosing.

Distribution

The degree of protein binding with the newer
fluoroquinolones is low: approximately 30% with
ciprofloxacin, 20% with ofloxacin, and 10% with
lomefloxacin. The apparent volume of distribution
of ciprofloxacin is large, 1.74-5.00 ml/kg [42].
Lomefloxacin has an apparent volume of distribu-
tion of 1.7-2.5 ml/kg [43] and the value for ofloxacin
is 1.3—1.8 ml/kg. The fluoroquinolones demonstrate
excellent and relatively comparable tissue penetra-
tion. Peak concentrations in prostatic and gyneco-
logic tissue, bile, liver and gall bladder tissue, and
pancreatic fluid are several times those of the serum
concentrations. Ciprofloxacin concentrations 10
times those of plasma concentrations have been re-
ported in bile and prostatic tissue [41]. The concen-
trations of lomefloxacin, ciprofloxacin, and
ofloxacin in lung tissue and bronchial mucosa are
also several times the plasma concentrations. The
concentrations of ofloxacin and lomefloxacin in spu-
tum and bronchial secretions were equal to plasma
concentrations. The concentrations of ciprofloxacin
in sputum and bronchial secretions were significantly
lower than the plasma concentration. Lomefloxacin
and ciprofloxacin readily penetrate the cornea, iris,
ciliary body, and serum of the eye. Ofloxacin and
ciprofloxacin also show good penetration into the



central nervous system. There is experimental evi-
dence that small amounts of lomefloxacin cross the
blood— brain barrier and enter the extracellular
space [39].

Metabolism and elimination

The individual fluoroquinolones differ markedly
in their degree of metabolic biotransformation. The
degree of metabolism explains the differences ob-
served in the total body clearance and elimination
half-life of these drugs.

Pefloxacin has a high degree of metabolism (60—
85%) with less than 10% being recovered as un-
changed drug in urine. Approximately 40% is found
as two major metabolites, the N-desmethyl metabo-
lite which is active and the N-oxide metabolite which
is inactive [25]. As do the newer quinolones,
pefloxacin has a long terminal half-life of between 11
and 12 h in normal subjects. At the other end of the
spectrum, ofloxacin is known to undergo almost no
metabolite biotransformation with approximately
70-80% of the dose being renally excreted as un-
changed drug and only 4% of a dose detected as
metabolites [24]. Ofloxacin is characterized by a
long elimination half-life (#,=7-8 h). Similarly,
lomefloxacin has an elimination half-life of 6-9 h
with renal excretion accounting for 70-80% of the
clearance. Very low concentrations of five meta-
bolites of lomefloxacin have been identified; two of
these have minimal antibacterial activity [28]. Fler-
oxacin also has a long half-life (9-12 h) with 60-85%
of the dose recovered (50-75% as unchanged drug by
glomerular filtration and tubular excretion). The
two metabolites, N-desmethyl and the inactive N-
oxide, account for 5-10%. The N-desmethyl metabo-
lite is known to exhibit a 50% longer mean ¢, than the
parent drug [44]. ;

The elimination half-life of enoxacin is 4-6 h with
metabolism accounting for 50% of the clearance;
oxoenoxacin is the major metabolite. As with fler-
oxacin, enoxacin is eliminated by the kidney by both
glomerular filtration and active tubular secretion [35].

Non-renal clearance mechanisms account for
about one third of the elimination of ciprofloxacin.
It has been suggested that hepatic extraction and ex-
cretion into the bowel are significant non-renal path-

)

ways. Four major metabolites have been identified
which account for 10-20% of the dose, while 45-60%
of the drugis excreted unchanged in urine by glomer-
ular filtration and active tubular secretion [9]. The #,
of ciprofloxacin is 3-5 h. v

Norfloxacin has a terminal half-life of 3.5-6.5 h.
Six metabolites have been identified, one of which
has antibacterial activity. About 30% of the dose is
recovered unchanged in the urine with urinary excre-
tion of the metabolites accounting for less than 10%
of the dose [1].

Drug interactions

Two important drug interactions have been iden-
tified with the new fluoroquinolone antibiotics.
Firstly, there is decreased fluoroquinolone bioavail-
ability due to interference with gastrointestinal ab-
sorption when co-administered with magnesium-
aluminum antacids. Secondly, inhibition of theo-
phylline metabolism occurs when fluoroquinolones
and theophylline are administered concomitantly.

Effect of antacids

In 1985, the interaction between ciprofloxacin and
an antacid containing magnesium and aluminum
(Maalox™) was first reported [18]. This antacid re-
duced the ciprofloxacin C,,, from 1.7 mg/l to 0.1
mg/l, and the renal excretion of unchanged drug
from 24% to 2% of the administered dose. All the
newer fluoroquinolones investigated since 1985 have
also been shown to interact with antacids containing
magnesium and aluminum. As measured by bio-
availability, the magnitude of the quinolone-
Maalox" interaction varies: ciprofloxacin reduces to
18% of the fasting values [30], norfloxacin reduces to
14% [31], and lomefloxacin reduces to 50% of the
fasting values [11]. The extent of the interaction is
also dependent upon the time that the antacid is ad-
ministered. Schentag et al. [40] and Nix et al. [31]
have investigated methods to minimize the cip-
rofloxacin-Maalox" interaction. Absorption is not
significantly affected when Maalox® is administered
within the 6 h before or 2 h after ciprofloxacin dos-
ing. Administration of Maalox® within 4 h before
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ciprofloxacin significantly reduces the latter’s bio-
availability. Both authors concluded that the most
practical advice was to avoid the use of magnesium/
aluminum-containing antacids in patients treated
with ciprofloxacin.

The window of the interaction also varies between
the different fluoroquinolones. Lomefloxacin can be
administered within + 2 h of Maalox® without a clin-
ically significant interaction, whereas ciprofloxacin
interacts within —4 h to +2 h.

Two hypotheses for the mechanism of the interac-
tion have been suggested. An initial hypothesis was
that as the quinolones are amphoteric with isoelec-
tric points between pH 6 and 8, an increase in pH
could reduce the dissolution and hence reduce ab-
sorption. The alternative hypothesis was that the
quinolones formed a quinolone-metal complex re-
sulting in decreased solubility. If this latter hypothe-
sis were correct then the possibility of other divalent
cations also forming quinolone-metal ion complexes
exists.

The two hypotheses were investigated by a num-
ber of authors for a variety of quinolones. Several
studies excluded the pH hypothesis. Nix et al. [30]
reported in 1989 that pretreatment with ranitidine
did not alter the bioavailability of ciprofloxacin.
Similarly the bioavailability of lomefloxacin when
administered 1 h after ranitidine 50 mg i.v. did not
reduce its bioavailability [29]. In comparison, the
bioavailability of enoxacin was reduced by 25% with
ranitidine administration [13]. Apart from enoxacin,
these results suggest thata pH increase to 5 or 6 is not
sufficient to reduce the absorption of the fluoroqui-
nolones. The lack of interaction with ranitidine sup-
ports the hypothesis that the antacid-fluoroqui-
nolone interaction is not primarily due to a pH-re-
lated phenomenon.

Sucralfate, an anti-ulcer medication, is a complex
of aluminum hydroxide and sulphated sucrose. Su-
cralfate does not affect gastric pH and acts by coat-
ing the ulcer surface. The anion of sucralfate binds to
the positively-charged protein molecules in the ulcer
releasing free aluminum ions. The high local con-
centration of aluminum cations reduces the bio-
availability of the quinolones. Co-administration
of sucralfate reduces norfloxacin bioavailability by
98% [32] and ciprofloxacin bioavailability by 87%
[12]. Administration of sucralfate 2 h before

norfloxacin, ciprofloxacin and lomefloxacin results
ina43%, 30% and 25% reduction in relative bioavail-
ability, respectively [29].

The quinolone interaction with sucralfate and
with aluminum-magnesium-containing antacids but
not with ranitidine strongly supports the hypothesis
that the metal ions are involved in reducing qui-
nolone bioavailability. The mechanism of the qui-
nolone-cation interaction is probably chelation be-
tween the metal and the 4-oxo and adjacent carboxyl
group. The 4-oxo and adjacent carboxyl groups are
required for antimicrobial activity. It is probable
that all the quinolones will interact with these cations
although the extent of the interaction does vary be-
tween the individual drugs.

Other cations

Other preparations containing cations, including
iron and calcium, may also interact with quinolones.
Sahai et al. [37] and Polk et al. [33] have investigated
the effects of calcium carbonate, ferrous sulfate and
zinc on the bioavailability of ciprofloxacin. Calcium
carbonate administered three times daily with meals
reduced the bioavailability of ciprofloxacin by 40%
[37]. Ferrous gluconate, 325 mg three times daily and
multivitamin tablets containing zinc reduced cip-
rofloxacin bioavailability by 65% and 24%, respec-
tively [33].

Effect of methylxanthine metabolism

Quinolone-methylxanthine interactions
~

The newer fluoroquinolones, enoxacin, peflox-
acin, ciprofloxacin and ofloxacin, have all been
shown to inhibit the metabolism of theophylline.
Wijnands [45] suggested that the chemical structures
of enoxacin, ciprofloxacin and the methyl-substi-
tuted analogs, pefloxacin and ofloxacin, precluded
the parent drug being the cause of the inhibition of
theophylline metabolism. There are differences in
the metabolic clearance of these newer quinolones,
especially in the formation of the 4-oxo metabolite;
ofloxacin shows only traces of the 4-oxo metabolite.

Wijnands et al. [45] also suggested that the inhibi-
tion of theophylline metabolism by the quinolones



was due to the formation of the 4-oxo metabolite.
The evidence supporting this theory was firstly, that
the 4- oxo piperidine group is chemically similar to
the N,— N; portion of the dimethylxanthine structure
and, secondly, that the extent of inhibition of theo-
phylline metabolism correlated with the urinary re-
covery of the 4-oxo metabolite for enoxacin, cip-
rofloxacin, and pefloxacin. Consistent with this hy-
pothesis is the fact that nalidixic acid does not inhibit
theophylline and is not metabolized to the 4-oxo me-
tabolite. There are exceptions, however; pipemidic
acid does not form a 4-oxo metabolite but is a potent
inhibitor of theophylline metabolism.

Harder et al. [15] suggested an alternative hypoth-
esis that the methylxanthine interaction is coincident
with the naphthyridine (enoxacin) or pyrido-pyrim-
idine (pipemidic acid) strutture bound to a
piperazine ring. The quinolones, which have the
greatest impact on theophylline clearance, are there-
fore more stereochemically similar to theophylline.
Substitutions at position 8 on the quinolone nucleus
would result in steric hindrance and decrease the
similarity in structure with theophylline.

The latter hypothesis is supported by in vitro in-
teraction studies with caffeine [14], theophylline [38],
and the quinolones which demonstrate competitive
inhibition consistent with the in vivo studies. In addi-
tion, preincubation of the quinolones with human
liver microsomes produced identical results suggest-
ing that the parent compound and not the metabo-
lite(s) is responsible for inhibition of theophylline
metabolism. In vivo and/or in vitro studies with the
4-oxo quinolone metabolites are required to clarify
which hypothesis is correct.

Quinolone-theophylline interactions

The magnitude of the reduction in theophylline
clearance varies between the fluoroquinolones, with
a 64% decrease in theophylline clearance with
enoxacin [36,45] and a 30% decrease with cip-
rofloxacin or pefloxacin [2.,45].

To identify which theophylline metabolic path-
ways (1-demethylation, 3-demethylation and 8-hy-
droxylation) were inhibited by fluoroquinolones, a
steady-state study in nine healthy volunteers was
performed with ciprofloxacin [35]. In addition,
lomefloxacin, a newer fluoroquinolone, which is
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substituted at the 8 position and which does not form
a4-oxo metabolite, was included to test the hypothe-
sis that the quinolones without a 4-oxo metabolite do
not inhibit theophylline metabolism.

Ciprofloxacin treatment reduced mean plasma
theophylline clearance by 27%, consistent with the
30% reduction in theophylline clearance reported
previously [14,45]. Clearance by all three metabolic
pathways was reduced, although the reduction via
the 8-hydroxylation pathway (24%) was less than the
reduction via the 1-demethylation (37%) and 3-
demethylation (42%) pathways. The difference in re-
duction for clearance via the 8-hydroxylation path-
way was not statistically different (p> 0.05) from the
reduction in clearance via the 1-demethylation and
3-demethylation pathways.

Lomefloxacin treatment had no effect on theo-
phylline metabolism, consistent with the hypothesis
that it is the 4-oxo metabolites of the fluoroqui-
nolones which inhibit theophylline metabolism [45].
Lomefloxacin, unlike ciprofloxacin, does not form a
4-oxo metabolite. In addition, as lomefloxacin is
substituted in the 8 position, the lack of interaction
could also be consistent with the alternate hypothe-
sis that the parent compound is responsible for the
inhibition of theophylline metabolism.

The quinolone-theophylline interactions suggest
that the reduction in theophylline clearance induced
by enoxacin, ciprofloxacin, pefloxacin, ofloxacin,
and pipemidic acid is of clinical importance.

Quinolone-caffeine interactions

Caffeine is metabolized by primary metabolic
pathways similar to theophylline which are cyto-
chrome P-450-mediated. As discussed, any drug in-
hibiting the cytochrome P-450s involved in theo-
phylline metabolism would be expected to similarly
affect caffeine metabolism.

Lomefloxacin does not inhibit theophylline or caf-
feine. A double-blind, two-way crossover, steady-
state study by Healy et al. [16] in which 16 healthy
volunteers received either lomefloxacin 400 mg daily
or placebo with caffeine 200 mg daily for five days,
confirmed that lomefloxacin did not alter the dispo-
sition of caffeine.

In contrast, ciprofloxacin [17] inhibited caffeine
by 33%. The reduction in caffeine clearance was ac-
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companied by a 43% reduction in the appearance of
paraxanthine, the major metabolite, suggesting that
the reduction in caffeine clearance is due to inhibi-
tion of the cytochrome P-450 isozyme involved.

Special population pharmacokinetics

The effect of renal function on quinolone
pharmacokinetics

The degree to which renal insufficiency affects the
pharmacokinetic profile of the new fluoroqui-
nolones depends on the route of elimination. There-
fore pefloxacin, which is extensively metabolized,
demonstrates no significant change in total clear-
ance in patients with renal failure. In addition, un-
changed drug does not accumulate in patients with
renal impairment. There is, however, a four- to six-
fold accumulation of the two main metabolites in
chronic renal failure patients [22]. No modification
in the dosage regimen is required for patients with
renal insufficiency.

Ciprofloxacin plasma concentrations are higher
in chronic renal failure patients with the elimination
half-life and AUC in severe renal failure being twice
that of healthy volunteers. A wide range of C,,,, and
t, has been reported in patients with severe renal
failure. This variability is thought to be due to differ-
ences in individual hepatic clearances. Dosage ad-
justment is appropriate in order to achieve the same
concentrations of ciprofloxacin. Enoxacin, which is
50% cleared via the kidney, demonstrates a marked
variation in steady-state concentration in relation to
renal function. In one study, concentrations ranged
from 0.44 mg/l in normal subjects to 4.07 mg/1 in
chronic renal failure patients. In addition, the termi-
nal half-life ranged from 6 h in normal subjects to 30
h in chronic renal failure patients [5]. Dosage adjust-
ment is required in severe renal failure. Similarly a
four-fold increase in the elimination half-life of
norfloxacin has been reported in patients with severe
renal impairment. Linear relationships exist be-
tween total clearance and creatinine clearance, and
between renal clearance and creatinine clearance.
This is also the case for fleroxacin. In both cases, up
to a 50% reduction in dosage is recommended for
those patients with a creatinine clearance of < 20-30

ml/min. Due to the high degree of renal excretion,
ofloxacin and lomefloxacin show up to a five-fold
increase in AUC and terminal half-life in severe renal
failure patients. This increase is particularly pro-
nounced as soon as creatinine clearance falls below
20 ml/min, #,, being up to 48 h and renal clearance
< 0.6 1/h. Dosage adjustment is therefore required.
The effects of renal impairment on lomefloxacin
clearance were evaluated after a single 400 mg oral
dose [4] and at steady-state in patients with varying
degrees of renal impairment [34]. Both studies
showed a significant relationship between creatinine
clearance and lomefloxacin plasma clearance.

Twenty subjects (13 males, seven females) were
studied at steady-state. Subjects were divided into
four groups of five; five with a glomerular filtration
rate (GFR) > 90 ml/min, five with a GFR of 60-90
ml/min, five with a GFR of 30-60 ml/min and five
subjects with a GFR of < 30 ml/min (not on dialysis).
Subjects received 200 mg lomefloxacin for seven
days. On day 7, after an overnight fast, steady-state
pharmacokinetic parameters were evaluated. There
was a significant relationship between creatinine
clearance versus lomefloxacin plasma clearance
(r = 0.86, p < 0.05) and lomefloxacin renal clearance
(r=0.77, p < 0.05).

The clearance of all quinolones is low by hemodi-
alysis and peritoneal dialysis. No further dosage
modification is required for patients on either
hemodialysis or peritoneal dialysis.

The effect of hepatic failure

The liver is the majer site for the metabolism of
quinolones. At one end of the spectrum, cip-
rofloxacin pharmacokinetics is not significantly al-
tered in cirrhotic patients and of the three meta-
bolites only the formation of the oxo-metabolite was
altered showing a 50% reduction; therefore, no dos-
age adjustment appears to be needed.

Ofloxacin pharmacokinetics is markedly influ-
enced especially in alcoholic cirrhosis. Ofloxacin
plasma concentrations are higher in cirrhotics and
the #, is 1.5-2.0 times longer. One study also found
the apparent volume of distribution to be only 67%
of that found in healthy controls [26]. Lomefloxacin
has a similar pharmacokinetic profile to ofloxacin



and is not affected in severe liver disease. The effect
of impaired hepatic function on lomefloxacin phar-
macokinetics was investigated in 12 patients with
chronic hepatic cellular insufficiency due to cirrhosis
[23]. There was no correlation between apparent
non-renal clearance and hepatic insufficiency
(Pugh’s score), or apparent non-renal clearance and
plasma bilirubin. Pefloxacin elimination is markedly
delayed in cirrhotic patients due to a decrease in
pefloxacin total clearance of more than 70%. The
volume of distribution is also decreased. Dosage ad-
justment may be necessary with pefloxacin in cir-
rhotic patients [6].

The effect of age

Ofloxacin and ciprofloxacin have significantly dif-
ferent pharmacokinetics in the elderly compared
with the young. In elderly patients, significantly
higher C,.,, and AUC occur due to increased bio-
availability, a reduced volume of distribution, and
reduced renal clearance. The reduction in clearance
is related to reduced renal function in the elderly pa-
tient. Dosage reduction may be required in elderly
patients when the GFR is <20-30 ml/min. As
lomefloxacin is primarily eliminated by renal mecha-
nisms, the elderly are likely to have decreased total
clearance as the GFR declines with age [8]. The effect
of age on lomefloxacin elimination was investigated
in 16 elderly patients aged 60-75 years and com-
pared to that in eight healthy volunteers aged 26-39
years [46]. There was no apparent age dependence in
this relationship confirming that decreased plasma
clearance in the elderly is a direct consequence of
diminished renal function.

Conclusions

The fluoroquinolones have now been established
as a major class of agents in the treatment of infec-
tions. Whilst there are differences in terms of in vitro
activity (i.e. minimum inhibitory concentrations,
MICs), there are also differences in their pharma-
cokinetic profiles and drug interactions. All these
factors should be considered when deciding on the
most appropriate fluoroquinolone to use in individ-
ual patients.

References

1 AdhamiZN, Wise R, Waston D, Crump B. The pharmacoki-
netics and tissue penetration of norfloxacin. J Antimicrob
Chemother 1984;13:87-92.

2 Bachmann KA, Schwartz JI, Jauregui L. Predicting the cip-
rofloxacin- theophylline interaction from single plasma theo-
phylline measurements. Br J Clin Pharmacol 1988;26:191— 194.

3 Bergan T, Delin C, Johansen S et al. Pharmacokinetics of
ciprofloxacin and effect of repeated dosage on salivary and
fecal microflora. Antimicrob Agents Chemother 1986;29:
298-302.

4 Blum RA, Schulz RW, Schentag JJ. Pharmacokinetics of
lomefloxacin in renally compromised patients. Antimicrob
Agents Chemother 1990;34:2364-2368.

5 Burry RW, Becker GJ, Kincaid-Smith PS, Moulds AFW,
Whitworth JA. Elimination of enoxacin in renal disease. Clin
Pharmacol Ther 1987;41:434-438.

6 Danan G, Montay G Cunci R et al. Pefioxacin kinetics in
cirrhosis. Clin Pharmacol Ther 1985;38:439-442.

7 Davis RL, Koup JR, Williams-Warren J, Weber A, Smith
AL. Pharmacokinetics of three oral formulations of cip-
rofloxacin. Antimicrob Agents Chemother 1985;28:74-77.

8 Elseviers MM, Verpooten GA, DeBroe ME. Interpretations
of creatinine clearance. Lancet 1987;1:457.

9 Fillastre JP, Lercy A, Moulin B, Dhib M, Borsa-Lebas F,
Humbert G. Pharmacokinetics of quinolones in renal insuffi-
ciency. J Antimicrob Chemother 1990;26 (Suppl B):51-60.

10 Flor S. Pharmacokinetics of ofloxacin: an overview. Am J
Med 1989;87 (Suppl 6C):24-30.

11 Foster TS, Blouin RA. The effect of antacid timing on
lomefloxacin bioavailability. Abstract No 1277 of the 29th
Interscience Conference on Antimicrobial Agents and
Chemotherapy, Houston, Texas, USA, 17-20 September
1989.

12 Garretts JC, Godley PJ, Peterie JD et al. Sucralfate signifi-
cantly reduces ciprofloxacin concentrations in serum. An-
timicrob Agents Chemother 1990;34:931-933.

13 Grasela TH, Schentag JJ, Sedman AJ et al. Inhibition of
enoxacin absorption by antacids or ranitidine. Antimicrob
Agents Chemother 1989;33:615-617.

14 Harder S, Fuhr U, Staib AH, Wolf T. Ciprofloxacin—caf-
feine: a drug interaction established using in vivo
and in vitro investigation. Am J Med 1989;87 (5a): 89s-91s.

15 Harder S, Staib AH, Boer C, Papenburg A, Stille W, Shah
PM. 4-quinolones inhibit the biotransformation of caffeine.
Eur J Clin Pharmacol 1988;35:651-656.

16 Healy DP, Polk RE, Schoenle J, Stotka J. Effect of
lomefloxacin on the disposition of caffeine in normal volun-
teers (Abstract 1008). Abstracts of the 30th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy, At-
lanta, Georgia, USA, October 24, 1990.

17 Healy DP, Polk RE, Kanawati L, Rock DT, Mooney ML.
Interaction between oral ciprofloxacin and caffeine in nor-
mal volunteers. Antimicrob Agents Chemother 1989;33:
474-478.



10

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

Hoffken G, Borner K, Glatzel PD et al. Reduced enteral
absorption of ciprofloxacin in the presence of antacids. EurJ
Clin Microbiol 1985;4:345-348.

Hoffken G, Lode H, Wiley R et al. Pharmacokinetics and
bioavailability of ciprofloxacin and ofloxacin: effect of food
and antacid intake. Rev Infect Dis 1978;10 (Suppl 1):S138-
S139.

Holmes B, Brogden RN, Richards DM. Norfloxacin. A re-
view of its antibacterial activity, pharmacokinetic properties
and therapeutic use. Drugs 1985;30:482-513.

Hooper WD, Dickinson RG, Eadie MJ. Effect of food on
absorption of lomefloxacin. Antimicrob Agents Chemother
1990;34:1797-1799.

Jungers P, Ganeval D, Hannedouche T, Prieur B, Montay G.
Steady-state levels of pefloxacin and its metabolites in pa-
tients with severe renal impairment. Clin Pharmacol 1987;33:
463-467.

Le Breo D. Pharmacokinetic study of lomefloxacin in pa-
tients with chronic hepatic insufficiency. Searle Report No
F69-90-06-145. y

Lode H, Hoffken G, Olschewski P et al. Pharmacokinetics of
ofloxacin after parenteral and oral administration. Antimi-
crob Agents Chemother 1987;31:1338-1342.

Montay G, Goueffon Y, Roquet F. Absorption, distribu-
tion, metabolic fate and elimination of pefloxacin mesylate in
mice, rats, dogs, monkeys and humans. Antimicrob Agents
Chemother 1984;25:463-472.

Montay G, Gaillot J. Pharmacokinetics of fluoroquinolones
in hepatic failure. Antimicrob Chemother Agents 1990:36
(Suppl B): 61-67.

Montay G, Jacquot C, Bariety J, Cunci R. Pharmacokinetics
of pefloxacin in renal insufficiency. Eur J Clin Pharmacol
1985;29:345-349.

Nagata O, Yamada T, Yamaguchi T, Hasegawa H, Okezaki
E. Disposition and metabolism of NY-198 v metabolism of
"C-NY-198 in rats and dogs. Chemotherapy 1988;36 (Suppl
2):174-187.

Nix D, Schentag J. Lomefloxacin absorption kinetics when
administered with ranitidine and sucralfate. Abstract No
1276 of the 29th Interscience Conference on Antimicrobial
Agents and Chemotherapy, Houston, Texas, USA, 17-20
September 1989.

Nix DE, Watson WA, Lener ME et al. Effects of aluminium
and magnesium antacids and ranitidine on the absorption of
ciprofloxacin. Clin Pharmacol Ther 1990;46:700-705.

Nix DE, Wilton JH, Ronald B et al. Inhibition of norfloxacin
absorption by antacids. Antimicrob Agents Chemother
1990;34:432-435.

Parpia SH, Nix DE, Hejmanowski LG et al. Sucralfate re-
duces the gastrointestinal absorption of norfloxacin. Antimi-
crob Agents Chemother 1989:33:99-102.

Polk RE, Healey DP, Sahai J et al. Effect of ferrous sulfate
and multivitamins with zinc on absorption of ciprofloxacinin

35

36

37

38

39

40

41

42

43

45

46

normal volunteers. Antimicrob Agents Chemother 1989;33:
1841-1844.

Robson RA. The pharmacokinetics and effects on renal
function of lomefloxacin 200 mg in patients with varying de-
grees of renal insufficiency. Searle Report No A69-888-02—
109.

Robson RA, Agg EJ, Atkinson HC, Saunders DA, Framp-
ton CM. Comparative effects of ciprofloxacin and
lomefloxacin on the oxidative metabolism of theophylline.
Br J Clin Pharmacol 1990;29: 491-493.

Rogge MC, Solomon WC, Sedman AJ, Welling PG,
Toothaker RD, Wagner JG. The theophylline-enoxacin in-
teraction: I. Effect of enoxacin dose size on theophylline dis-
position. Clin Pharmacol Ther 1988;44:579-587.

SahaiJ, Healy D, Stotka J et al. Influence of chronic admini-
stration of calcium on the bioavailability of oral cip-
rofloxacin (abstract). In: Proceedings of the 29th Inter-
science Conference on Antimicrobial Agents and Chemo-
therapy, Houston, Texas 1989;211.

Sarkan MA, Hunt CM, Guzelian PS, Polk R, Karnes T. Inhi-
bition of theophylline metabolism in human liver micro-
somes by fluoroquinolones (abstract). In: Proceedings of the
29th Interscience Conference on Antimicrobial Agents and
Chemotherapy, Houston, Texas, 1989.

Sato H, Okezaki E, Yamanoto S, Nagata O, Kato H et al.
Entry of the new quinolone antibacterial agents of ofloxacin
and NY-198 into the central nervous system in rats. Pharma-
cobio-Dynamics 1988;11:386-394.

Schentag JJ, Watson WA, Nix DE et al. Time dependent
interaction between antacids and quinolone antibiotics (ab-
stract). Clin Pharmacol Ther 1988:43:135.

Tanimura H, Tominago S, Rai F, Matsumoto H. Transfer of
ciprofloxacin to bile and determination of biliary metabolites
in humans. Arzneim Forsch 1986;36:1417-1420.
Vance-Bryan K, Guay DR, Rotschafa JC. Clinical pharma-
cokinetics of ciprofloxacin  Clin  Pharmacokinet
1990;19:434-461.

Wadworth AN, Goa KL. Lomefloxacin : a review of its anti-
bacterial activity, pharmacokinetic properties and therapeu-
tic use. Drugs 1992;42:1018-1060.

Weidekamm E, Portmagn R, Suter K, Partos CH, Dell D,
Luker PW. Single and multiple dose pharmacokinetics of
fleroxacin, a trifluorinated quinolone, in humans. Antimi-
crob Agents Chemother 1987;31:1909-1914.

Wijnands WJA, Vree TB, Vanherwaarden CLA. The influ-
ence of quinolone derivatives on theophylline clearance. BrJ
Clin Pharmacol 1986;22:677-683.

Woodworth J, Fitzsimmins S. Lomefloxacin pharmacoki-
netics in young and elderly patients. Official Abstract No
1268, 29th Interscience Conference on Antimicrobial Agents
and Chemotherapy, Houston, Texas, USA, 17-29 Septem-
ber 1989.



International Journal of Antimicrobial Agents 2 (1992) 11-14
© 1992 Elsevier Science Publishers BV 0924-8579/92/§15.00

ANTAGE 00036

11

Comparative study of the in vitro activity of lomefloxacin versus
lomefloxacin combined with metronidazole versus lomefloxacin in
combination with amoxicillin/clavulanic acid against Chlamydia
trachomatis

Jeanne Orfila and Farida Haider

Centre Hospitalo-Universitaire, Amiens, France

(Accepted 17 September 1992)

Introduction

The role of Chlamydia trachomatis in both acute
and chronic salpingitis is well known. However,
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other bacterial species can act symbiotically with this
organism to enhance pathogenicity. These accompa-
nying symbiotic bacteria are essentially gonococci
and members of the Enterobacteriaceae, especially
Escherichia coli and anaerobes.

In order for an antimicrobial therapeutic strategy
to have the best chance of success, the antibiotic
must have a broad spectrum of activity against all
these bacteria. However, appropriate antibiotic



