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Abstract A number of new fluoroquinolone antibacterials have been released for clin-
ical use in recent years. These new agents exhibit enhanced activity against Gram-
positive organisms while retaining much of the Gram-negative activity of the
earlier agents within the same class. The pharmacokinetics of most of these agents
are well described including serum pharmacokinetics, tissue and fluid distribution,
and pharmacokinetics in renal and hepatic disease. When compared with earlier
agents within this class (i.e. ciprofloxacin), the newer agents retain the wide
distribution characteristics; however, they exhibit a more prolonged elimination,
which, in part, supports single daily administration for these agents. Based on
their predominant renal elimination, dosage adjustment is necessary in the pres-
ence of renal disease for ciprofloxacin, levofloxacin, gatifloxacin and sitaflox-
acin.

Drug interactions, particularly with multivalent cations (calcium/aluminium-
containing antacids and iron products), remain a problem for the newer agents,
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resulting in reduced absorption requiring separate administration times to maxi-
mise bioavailability. However, the newer agents do not appear to interfere signif-
icantly with the cytochrome P450 system, thus minimising the potential for
interactions with other drugs metabolised by this system.

The pharmacodynamic properties of the fluoroquinolones have been well de-
scribed. The bactericidal activity is maximised when the ratios of peak plasma
drug concentration (Cmax) : minimum inhibitory concentrations (MIC) or area
under the concentration-time curve (AUC) : MIC exceed specific threshold val-
ues. Knowledge of the pharmacodynamic relationships allows for appropriate
drug selection and enables design of dosage regimens to maximise the bacterici-
dal activity. Therapeutic drug monitoring of the fluoroquinolones may provide a
means of optimising the dosage regimen in certain clinical situations (that is,
meningitis and hospitalised pneumonias) with the goals of achieving a more
predictable therapeutic response and minimising the potential for the develop-
ment of resistance.

A number of new fluoroquinolone agents have
become available for use worldwide since the initial
introduction of ciprofloxacin in the late 1980s. Com-
pared with the earlier fluoroquinolones such as cipro-
floxacin and ofloxacin, the newer agents have en-
hanced activity against several important pathogens,
as well as improved pharmacokinetic properties. The
newer agents include gatifloxacin, gemifloxacin,
levofloxacin, moxifloxacin, rufloxacin, sitafloxacin
and sparfloxacin. Rufloxacin and sitafloxacin are
available for use outside of the US. Almost all of
the fluoroquinolones are US Food and Drug Admin-
istration (FDA)-approved for use in the treatment
of patients with respiratory tract and urinary tract
infections. Additional indications for selected agents
include bone and joint infections, skin and skin struc-
ture infections, and sexually transmitted infections.
The purpose of this paper is to compare and contrast
the pharmacokinetic and pharmacodynamic prop-
erties of the newer fluoroquinolones. Ciprofloxacin
will be used as a basis for comparison between the
early and the newer agents.

1. Single and Multiple 
Dose Pharmacokinetics

A number of studies have examined the single
dose pharmacokinetics of the newer fluoroquino-
lones (see table I). While many of the newer quino-
lones exhibit similar pharmacokinetic properties as

the older agents (i.e. absorption, clearance and vol-
ume of distribution), important differences do exist
between the individual compounds. The volumes
of distribution of the newer agents range from 1.2
to 5.5 L/kg, compared to about 3 L/kg for cipro-
floxacin. The half-lives of the newer agents are all
prolonged compared with ciprofloxacin, with val-
ues ranging from between 5 and 83 hours. Based
on those values, the area under the concentration
curve (AUC) of each of the newer fluoroquinolones
are significantly higher than that of ciprofloxacin,
which may have clinical implications depending on
the minimum inhibitory concentration (MIC) of
the organism in question.

The pharmacokinetic properties of the newer flu-
oroquinolones are influenced minimally by multi-
ple dose administration. Pharmacokinetic parameter
values such as peak plasma drug concentration (Cmax),
time to Cmax (tmax), half-life (t1⁄2), total body clear-
ance (CL) and the AUC change little after single
and multiple doses. This suggests that the fre-
quency of administration does not affect the rate of
elimination, decreasing the possibility of drug ac-
cumulation over time.

Tables I and II summarise the representative
pharmacokinetic parameters of the fluoroquinolones.
Pharmacokinetic data were obtained from studies
involving healthy volunteers. Due to the extensive
literature available on earlier fluoroquinolone agents
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Table I. Single dose pharmacokinetics of fluoroquinolones

Reference Dose
(mg)

Cmax

(mg/L)
tmax

(min)
Vd
(L/kg)

CL
(L/h)

t1⁄2β

(h)
AUC∞

(mg/L • h)
F
(%)

fe
(%)

Ciprofloxacin
Keller et al.[1] 250 PO 1.5 ± 0.4 47 ± 20 5.3 ± 0.8 5.8 ± 1.3 42.1 ± 7.2

LeBel et al.[2] 500 PO 2.26 80 3.76a 54.5b 3.69 10 55.6

Hoffken et al.[3] 750 PO 2.65 66 3.53c 61.5b 4.75 12.2 33

Drusano et al.[4] 200 IV 3.8 1.90a 25.2 4.4 7.2 60

Gonzalez et al.[5] 400 IV 4.5 ± 0.8 34.4 3.4 ± 0.5 12 ± 1.8

Gatifloxacin
Keller et al.[1] 400 PO 3.4 ± 0.7 89 ± 39 6.5 ± 0.8 30 ± 4 77 ± 5.6

Nakashima et al.[6] 400 PO 3.3 ± 0.5 118 ± 39 2.2d 10.4b 8.4 ± 2.2 32.4 ± 4.1 83 ± 4

Data on file[7] 400 PO 3.8 ± 1.0 60 12.6b 7.8 ± 1.3 33 ± 6.2 96 72 ± 18

400 IV 5.5 ± 1.0 1.5a 11.7 7.4 ± 1.6 35.1 ± 6.7 62 ± 17

Gemifloxacin
Allen et al.[8] 320 PO 1.5 ± 0.4 60 4.9 9.1b,e 6.6 ± 1.3 9.8 ± 2.7 27.5 ± 6.4

600 PO 3.8 ± 1.1 60 4.1 8.5b,e 8.3 ± 0.8 24.4 ± 7.1 32 ± 7.2

800 PO 4.3 ± 0.6 60 4.2 10.5b,e 8.0 ± 0.7 31.4 ± 7.6 39.4 ± 7.9

Pay et al.[9] 320 PO 2.0 ± 0.3 50 12.3e 8.2 ± 0.9 9.3 ± 1.6 33 ± 4.6

Levofloxacin

Keller et al.[1] 500 PO 6.2 ± 1.3 48 ± 23 6.9 ± 0.8 45 ± 4.4 76 ± 12

Data on file[10] 250 PO 2.8 ± 0.4 100 ± 60 9.3 ± 1.2b 7.3 ± 0.9 27.2 ± 3.9 99

Holland et al.[11] 500 PO 5.2 78 ± 30 1.3d 10.5b 6.5 47.7 69

Holland et al.[12] 500 IV 6.3 1.2 9.4 6.6 55.3 61

Moxifloxacin
Keller et al.[1] 400 PO 4.3 ± 1.6 62 ± 45 9.1 ± 1.6 39 ± 5.4 20 ± 4.6

Stass et al.[13,14] 400 PO 2.5 90 3.5c 14.9b 13.1 26.9 86.2

Stass et al.[15] 400 PO 2.5 120 3.1a 11.6b 15.6 29.8 86.2 19.3

400 IV 3.6 2.1a 11.6 15.4 34.6 22.1

Rufloxacin
Segre et al.[16] 200 PO 1.0 ± 0.3 240 70.4 ± 19 48 ± 12f 53 ± 13

400 PO 1.0 ± 0.3 342 83 ± 46 47 ± 13f 49 ± 8.9

Imbimbo et al.[17] 400 PO 2.7 ± 0.6 230 2.1c 3.2b 39 ± 20 143 ± 57 21 ± 7.8

Sitafloxacin
Nakashima et al.[18] 100 PO 1.0 ± 0.1 72 1.8a 18.8b 5.0 ± 1.9 5.5 ± 1.2

200 PO 1.8 ± 0.4 60 1.8a 17.6b 4.6 ± 0.8 12 ± 3.2

Sparfloxacin
Sakashita et al.[19] 200 PO 0.6 210 5.5c 15.3b 15.8 14.7

Sakashita et al.[19] 400 PO 1.4 258 4.6c 12.1b 16.9 34.7

Montay et al.[20-22] 400 PO 1.2 300 12.7b 18.2 32.7 9.5 ± 2.1

a Vss/F.

b CL/F.

c Vd/F.

d Vβ/F.

e Renal clearance.

f AUC to 96 hours postdose.

AUC∞ = area under the concentration-time curve to infinity; CL = total body clearance; Cmax = peak plasma drug concentration; F =
bioavailability; fe = fraction of unchanged drug excreted in the urine; IV = intraneous; PO = oral; t1⁄2β = elimination half-life; tmax = time to peak
drug plasma concentration; Vββββ = volume of distribution determined during the β-elimination phase in a two-compartment model; Vd = volume
of distribution; Vss = volume of distribution at steady state.
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(i.e. ciprofloxacin), representative studies were
chosen based on the number of patients evaluated
and completeness of the pharmacokinetic analysis.

1.1 Absorption

The newer quinolones, such as sparfloxacin and
levofloxacin, readily dissolve in the gastrointestinal
(GI) tract and are absorbed throughout the duodenum
and jejunum.[29] However, the bioavailability and
tmax vary between the different agents. All of the

newer fluoroquinolones have equal or greater bio-
availability compared with ciprofloxacin, which var-
ies between 55 to 88%.[2,30] Levofloxacin and gati-
floxacin have excellent bioavailability (>95%)
followed by sparfloxacin (92%) and moxifloxacin
(86%).[31-34] Of note, sparfloxacin appears to be
absorbed by both passive and carrier-mediated pro-
cesses in the duodenum and colon. Thus, bioavail-
ability is reduced at higher doses because of the
decreased absorption.[35]

Table II. Multidose pharmacokinetics of fluoroquinolones

Reference Dose (mg) Cmax (mg/L) tmax (min) Vd (L/kg) CL (L/h) t1⁄2β (h) AUC24 (mg/L • h) fe(%)

Ciprofloxacin
Bergan et al.[23] 500 PO 2.3 90 1.78a 52.1b 2.5 9.6e 42.5

Sorgel et al.[24] 500 PO 3.5 ± 0.3 60 ± 25 29b ± 12 4.7 ± 1.2 13.9e ± 5.3

200 IV 4.9 ± 1.0 29 ± 3.8 3.6 ± 0.6 6.9e ± 0.9

Gonzalez et al.[5] 400 IV 4.6 ± 0.7 32 ± 5.2 3.5 ± 0.7 12.9e ± 2.1

Gatifloxacin
Data on file[7] 400 PO 4.2 ± 1.3 60 12b ± 1.8 7.1 ± 0.6 34.4 ± 5.7 80 ± 12

200 IV 2.4 ± 0.4 2.0a 12 ± 2.6 12 ± 4.6 18.8 ± 3.6 72 ± 16.4

400 IV 4.6 ± 0.6 1.6a 11 ± 1.4 14 ± 3.9 35.4 ± 4.6 83 ± 13.8

Gemifloxacin
Allen et al.[25] 320 PO 1.8 ± 0.4 48 10 ± 1.3 9.0 ± 2.2 22 ± 6.0

640 PO 2.8 ± 0.4 90 8.6 ± 1.5 20.1 ± 3.7 27 ± 3.0

Pay et al.[9] 320 PO 2.0 ± .2 46 15.8 10 ± 1.7 8.6 ± 0.8 45 ± 4.8

Levofloxacin
Holland et al.[11] 500 PO 5.7 66 1.37c 10.5b 6.8 47.5 67

Chein et al.[26] 750 PO 8.6 84 1.29c 8.6b 8.8 91 79

Holland et al.[12] 500 IV 6.4 1.22c 9.5 6.8 64.6 62

Moxifloxacin
Sullivan et al.[27] 400 PO 4.5 12.0 48

Rufloxacin
Segre et al.[16] 200 PO 6.2 ± 1.8 480 36.2 ± 21 92.2 ± 32

Kisicki et al.[28] 400 PO 7.2 ± 0.3 168 1.8d 2.2b ± 0.1 44 ± 1.3 87.0 ± 3.1 51.1 ± 2.1

Sparfloxacin
Montay et al.[21] 200 PO 1.4 ± 0.4 210 10b ± 2.0 20 ± 1.9 20.4 ± 4.6

400 PO 2.9 ± 0.6 222 9.5b ± 2.7 18 ± 1.3 45.3 ± 13.8

a Vss/F.

b CL/F.

c Vβ/F.

d Vd/F.

e AUC12.

AUC∞ = area under the concentration-time curve to infinity; CL = total body clearance; Cmax = peak plasma drug concentration; F = bioavailability;
fe = fraction of unchanged drug excreted in the urine; IV = intraneous; PO = oral; t1⁄2β = elimination half-life; tmax = time to peak drug plasma
concentration; Vββββ = volume of distribution determined during the β-elimination phase in a two-component model; Vd = volume of distribution;
Vss = volume of distribution at steady state.
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Limited data suggests that approximately 60%
of rufloxacin and 70% of sitafloxacin and gemi-
floxacin are absorbed after an oral dose.[16,18,36] With
the exception of rufloxacin and sparfloxacin, all
other newer fluoroquinolones have tmax values of ap-
proximately 1 to 2 hours.[1,6,18,29,37-40] Rufloxacin and
sparfloxacin have demonstrated tmax values rang-
ing from 2 to 4 hours and 2.5 to 5 hours, respec-
tively.[16,20,28,41-44] It has been suggested that this is
because of delays in the dissolution and gastric
emptying time of the rufloxacin capsule.[42] In ad-
dition, it has been demonstrated that the drug is
absorbed more quickly in the lower dosage ranges.
This is consistent with the need for a longer period
of time for dissolution and gastric emptying of
multiple rufloxacin capsules.[28]

1.2 Distribution

The newer fluoroquinolones demonstrate a linear
increase in Cmax with increasing dosages. Plasma
concentrations after oral and intravenous administr-
ation are very similar for levofloxacin and gati-
floxacin given their high bioavailability. Many in-
fections, however, are not limited to the blood or
central compartment. The distribution character-
istics of an antibacterial are therefore important to
consider since they help determine the extent to
which the drug penetrates the site of infection.
Ciprofloxacin distributes well into various body
tissues as reflected by its relatively large volume
of distribution (Vd), ranging from 1.7 to 2.5
L/kg.[4,45] The other fluoroquinolone agents exhibit
a similar Vd with the exception of sparfloxacin,
which ranges from 4.5 to 5.5 L/kg.[21,43]

A commonly employed method of assessing
potential antimicrobial activity within various
tissues is to compare their respective tissue-to-serum
concentration ratios. While this method is useful to
compare the relative tissue penetration, it does not
necessarily guarantee that therapeutic concentra-
tions are achieved at the site of infection. Ideally,
knowledge of the tissue concentrations in relation
to the sensitivity of the organism would provide the
best indicator of potential efficacy of the antibac-
terial regimen.

Ciprofloxacin has a tissue-to-serum ratio of 1.6
in bronchial secretions, 2.1 in lung tissue, 1.2 in
blister fluid, 13.3 in the kidneys and up to 30 in the
bile.[46] In addition, the bronchial mucosa, epithelial
lining fluid, and alveolar tissue to plasma concen-
trations for ciprofloxacin were reported in ratios of
1.7, 1.9 and 14.3, respectively.[47] Table III summa-
rises the tissue and fluid penetration of the fluoro-
quinolone agents into the respiratory system, cerebro-
spinal fluid, prostate and skin, representing the
common sites of infection where these agents
might be considered. Based on this data, the fluoro-
quinolones penetrate well into respiratory tissues
and fluids with concentrations typically well in ex-
cess of that of serum. This excellent penetration
accounts for the success of this drug class in the
treatment of patients with pneumonias and upper
respiratory tract infections.

Penetration into skin and prostatic tissues and
fluids results in concentrations similar to that of
serum with the exception of ciprofloxacin, which
exhibits greater penetration into prostatic tissue
than other fluoroquinolones. In contrast, penetration
into the cerebrospinal fluid (CSF) is lower for this
class of agents with concentrations of 20 to 50% of
serum in the absence of inflamed meninges. High
dose ciprofloxacin has been used in the treatment
of patients with multi-drug resistant Gram-negative
meningitis with positive outcomes. However, the
effectiveness of monotherapy with a fluoroquinolone
under these circumstances depends on the MIC of
the organism and the CSF penetration of the par-
ticular agent.[71] With enhanced activity against
Gram-positive organisms and CSF penetration sim-
ilar to ciprofloxacin, the newer fluoroquinolones
would be expected to be effective in the treatment
of these infections.

Another means of assessing the activity of anti-
microbials in the treatment of infections is to com-
pare their relative penetration into blister fluid.
Agents that penetrate well into blister fluid would
be expected to exhibit good activity against extra-
cellular organisms. Table IV lists serum and blister
fluid concentrations and their ratios. Based on these
data, blister fluid concentrations approximate those
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of serum with the exception of moxifloxacin and
gemifloxacin, which are less than half.

1.2.1 Protein Binding
The newer fluoroquinolones vary widely with

respect to their protein binding characteristics,

ranging from 20 to 80%. Similar to ciprofloxacin,
levofloxacin and gatifloxacin are poorly bound to
plasma proteins (i.e. 20 to 40%).[6,59,75,76] In con-
trast, moxifloxacin, sparfloxacin, sitafloxacin and
rufloxacin bind more avidly to serum proteins (40
to 50%).[13,15,17-21,39,43,77] Gemifloxacin also appears

Table III. Mean fluoroquinolone concentrations in various tissues and body fluids

Reference Tissue Dose (mg) Sampling
time (h)

Cs

(mg/L)
Ct

(mg/L)
Ct : Cs

Ciprofloxacin
Wolff et al.[48] CSF (inflammatory) 200 IVa 2 1.4 0.6 0.4

CSF (uninflammatory) 200 IV NA 1.1 0.3 0.3

Baldwin et al.[49] Bronchial mucosa 500 PO 4.8 1.2 1.8 1.5

Epithelial lining fluid 500 PO 4.8 1.2 3.0 2.5

Alveolar macrophages 500 PO 4.8 1.2 13.4 11.2

Honeybourne et al.[50] Bronchial (biopsy) 500 POa NA 1-9.2 1.2-17.3 1.6

Hopf et al.[51] Lung tissue 200 IV 1 1.1 2.3 2.1

Fraschini et al.[52] Sputum 500 PO NA 2.3 1.3 0.6

Grabe et al.[53] Prostate (tissue) 500 POa 1-2 1.1 3.3 3.0

Daschner et al.[54] Skin 100 IV 2-3 0.3 0.2 0.7

Gatifloxacin
Data on file[7] CNS 150-200 POa NA NA NA 0.4

Naber et al.[55] Prostatic fluid 400 PO NA 1.9 2.1 1.1

Gemifloxacin
Wise et al.[56] Prostatic fluid 320 PO 4 0.5 0.3 0.6

Levofloxacin
Ohi et al.[57] CSF (uninflammatory) 200 PO 3 2.3 0.4 0.2

Nagai et al.[58] Bronchoalveolar lavage fluid 200 PO 1-3 2.5 0.2 0.1

Fish and Chow[59] Lung tissue 500 PO 2-3 4.1 7.7 1.9

Nakamori et al.[60] Sputum 200 PO 4 2.7 4.4 1.6

Yamashita et al.[61] Prostate gland 100 PO 1-6 0.9 1.1 1.2

Takahashi et al.[62] Skin 200 PO 0.8-4.0 1.7 1.8 1.1

Moxifloxacin
Andrews et al.[63] Bronchial mucosa 400 PO 3-24 0.5-3.3 1.0-5.5 1.7

Epithelial lining fluid 400 PO 3-24 0.5-3.3 3.5-24.4 7.0

Alveolar macrophage 400 PO 3-24 0.5-3.3 38.6-113.6

Muller et al.[64] Skin (subcutaneous) 400 IV 0-12 3.7b 1.0b 0.3

Rufloxacin
Wise et al.[65,66] Bronchial mucosa 400 PO 4-12 3.6-1.2 5.4-2.9 1.7

Epithelial lining 400 PO 4-12 3.6-1.2 25-6.1 6.7

Sparfloxacin
Kawahara et al.[67] CSF (uninflammatory) 200 PO 3 0.6 0.2 0.3

Nakatani et al.[68] Sputum 300 PO 2 2.3 4.3 1.9

Takeuchi et al.[69] Prostate (tissue) 200 PO Cmax
c 1.1 1.3 1.2

Tanimura et al.[70] Skin 300 PO 2.5-7.5 1.2 1.7 1.4

a Multidose regimen.

b Cmax.

c Tissue sampling at maximum serum concentrations.

Cmax = peak serum drug concentration; Cs = concentration of serum; CSF = cereborspinal fluid; Ct = concentration of tissue; NA = not available.
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to be significantly bound with values ranging from
50 to 60%.[78] Rufloxacin appears to be the most
extensively bound to proteins at 60 to 80%.

The most clinically significant aspect of protein
binding involves its role in antimicrobial activity.
Since only the unbound drug has activity, the more
highly protein bound an antibacterial, the less free
drug is available to exert its effect. Therefore, when
comparing antimicrobial activity of these agents it
is necessary to take protein binding into consider-
ation (see fig. 1).

1.3 Elimination

All of the newer agents have longer elimination
half-lives (t1⁄2β) when compared with ciprofloxacin,
which contributes to their ability to be adminis-
tered as a single daily dose (tables I and II). How-
ever, the susceptibility of target organisms also
predicates dose frequency.

Fluoroquinolones, as a class, may be removed
by renal and nonrenal routes of elimination. Non-
renal mechanisms of clearance account for approx-
imately one-third of ciprofloxacin elimination.[46]

Approximately 15% of a ciprofloxacin dose has
been reported to be recovered in the faeces. This is
because of elimination through the intestinal mucosa

combined with biliary excretion.[80] In addition, 4
separate metabolites of ciprofloxacin have been re-
covered in the urine and faeces, suggesting hepatic
metabolism.[46] Two-thirds of a ciprofloxacin dose
is eliminated by a combination of glomerular filtra-
tion and tubular secretion.[46] As a result of the
combined clearances, ciprofloxacin has a relatively
short t1⁄2β when compared with other fluoroquino-
lones. Studies have reported a half-life ranging
from between 3 and 5 hours.[1,3,24,46,80,81]

Levofloxacin, gatifloxacin and sitafloxacin are
cleared predominately by renal elimination with
approximately 60 to 80% of the dose recovered
unchanged in the urine.[1,6,7,11,18,33,59,76,82] The re-
nal clearance of levofloxacin is approximately
60% greater than creatinine clearance, suggesting
elimination by both glomerular filtration and tubu-
lar secretion.[83] This was proven by a 24 to 35%
decrease in renal clearance following doses of
either probenecid or cimetidine, which inhibit renal
tubular secretion.[10] Only 5% of a levofloxacin
dose has been recovered in the urine as 3 metabo-
lites over a 24-hour period.[59] Gatifloxacin is also
converted into 4 metabolites and excreted in the
urine in minimal amounts.[6] Cumulative faecal re-
covery of unchanged gatifloxacin and sitafloxacin

Table IV. Mean fluoroquinolone concentrations in blister fluid

Reference Dose (mg) Sampling time (h) Cs (mg/L) Cbf (mg/L) Cbf:Cs

Ciprofloxacin
LeBel et al.[2] 500 PO 6 2.3 1.7 0.7

Gatifloxacin
Wise et al.[72] 400 PO 0-24 4.1b 3.6b 0.9

Gemifloxacin
Wise et al.[56] 320 PO 0-24 2.3 0.7 0.3

Levofloxacin
Child et al.[73] 500 POa 0.5-24 5.0 4.7 0.9

Moxifloxacin
Muller et al.[64] 400 IV 0-12 3.7b 1.7b 0.5

Wise et al.[74] 400 PO 0.5-24 4.9 2.6 0.5

Rufloxacin
Wise et al.[65] 400 PO 0-12 4.4b 3.2b 0.7

a Multidose regimen.

b Cmax.

Cmax = peak drug serum concentration; Cbf = concentrations in blister fluid; Cs = concentrations in serum.
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are approximately 5%.[6,18] At the usual therapeutic
doses, the reported mean values for t1⁄2β range from
6 to 8 hours for levofloxacin and gatifloxacin, and
nearly 5 hours for sitafloxacin.[1,6,11,12,16,18,33,59,76,84]

In contrast, moxifloxacin and sparfloxacin ex-
hibit very little renal elimination. After a single oral
dose, only 10 to 14% of a sparfloxacin dose and
20% of a moxifloxacin dose were recovered in the
urine unchanged.[1,15,19,85] Renal clearance of moxi-
floxacin is lower than creatinine clearance, suggest-
ing tubular reabsorption.[39] Up to 35% of the glu-
coronide metabolite of sparfloxacin was recovered
in the urine, suggesting extensive metabolic bio-
transformation.[20,86] Similarly, 50% of a moxi-
floxacin dose is recovered in the urine and faeces
as two primary metabolites, N-sulfate and acyl
glucoronide.[15] Despite the large percentage of
metabolism by the liver, moxifloxacin does not
appear to be transformed by the cytochrome P450
(CYP) isoenzyme system, making it less suscepti-
ble to drug-drug interactions.[15,37] In addition, 50

to 56% of sparfloxacin and 25% of a moxifloxacin
dose was recovered as unchanged drug in the faeces
after a single oral dose. This represented partially
unabsorbed drug, combined with biliary excretion
of unchanged drug.[19,85] Sparfloxacin and moxi-
floxacin have relatively prolonged t1⁄2β ranging
from 15 to 24 hours for sparfloxacin and 9 to 15
hours for moxifloxacin following single oral
doses.[13-15,19,20,22,37,85,87]

Similar to ciprofloxacin, the elimination of ruflox-
acin and gemifloxacin occurs through a combination
of renal and nonrenal mechanisms. Approximately
21 to 53% of single doses of rufloxacin and 25 to
40% of gemifloxacin are excreted unchanged in the
urine.[8,17,41,65] Renal clearance of gemifloxacin
exceeds glomerular filtration, suggesting some de-
gree of active tubular secretion. Only about 1% of
rufloxacin is recovered in the bile 72 hours after
the dose, and only 2% of the N-desmethyl metabo-
lite is recovered in the plasma and bile.[41] How-
ever, the metabolic fate of the remaining portion is
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Fig. 1. Comparative pharmacodynamic activity of the newer fluoroquinolones against common pathogens. AUC24 = area under the
concentration-time curve over 24 hours; Cipro = ciprofloxacin; Gati = gatifloxacin; Levo = levofloxacin; MIC = minimum inhibitory
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currently unknown. The t1⁄2β of rufloxacin and gemi-
floxacin is 28 and 7 hours, respectively.[8,16,17,28,42,65]

2. Interactions

2.1 Drug-Drug Interactions

Some of the drug interactions associated with
ciprofloxacin can also occur with the newer agents,
but typically to a lesser extent (table V). The for-
mation of insoluble quinolone-multivalent cation
chelates in the GI tract appears to occur with all
agents in this class, resulting in significant de-
creases in bioavailability.[46,118] Concomitant oral
administration of magnesium-, aluminum- and
calcium-containing antacids and sucralfate have
been reported to reduce ciprofloxacin bioavailabil-
ity to 15%.[88-90] The newer agents are also affected
by this interaction but typically to a lesser degree

(table V). The extent of the interaction diminishes
when the interacting agent is administered at least
2 hours after the fluoroquinolone.[46,89,118]

In addition, studies have shown that concurrent
administration of oral iron preparations and multi-
vitamins with zinc have exhibited similar inter-
actions with ciprofloxacin and newer agents such
as levofloxacin, gatifloxacin, gemifloxacin and
moxifloxacin.[31,76,91,95,96,100,104,105,107] H2-receptor
antagonists, however, do not affect the absorption
of newer fluoroquinolones.[75,104]

Interactions via the elimination or metabolic
pathways have been reported with probenecid, ci-
metidine and theophylline. Ciprofloxacin and the
newer fluoroquinolones do not interact signifi-
cantly with H2-blockers, such as cimetidine or
ranitidine, which can inhibit the CYP isoenzymes
as well as increasing gastric pH.[119] Coadministra-

Table V. Pharmacokinetic drug interactions with the newer fluoroquinolones

Drug Al+++/Mg++

Antacids
Fe++ Sucralfate Ca++ Probenecid Theophylline Warfarin References

Ciprofloxacin ↓77-85F%a ↓AUC57%e ↓96%Fe, ↓40%Fb ↓CLR ↓CL 30-113% ↑PTc 88-94

↓17%Fa

Gatifloxacin ↓64%AUCe ↓35%AUCe Unknown NEf,g ↑42%AUC NE NE 95-99

↓42%AUCf

↓18%AUCg

Gemifloxacin ↓85%AUCe ↓11%AUCi ↓53%AUCi ↓20% Unknown NE NE 78, 100-103

↑3%AUCf

↓15%AUCh ↓10%AUCg ↓8%AUCg AUCe

Levofloxacin ↓56-78%Fe ↓81%Fe NEg NE ↓28% CLR ↓CL 2-17% NE 104-106

Moxifloxacin ↓45%Fa ↓39%AUC Unknown NEd NE NE NE 107-111

Rufloxacin Unknown Unknown Unknown Unknown Unknown NE Unknown 112

Sitafloxacin Unknown Unknown Unknown Unknown Unknown Unknown Unknown

Sparfloxacin ↓23%AUCf Unknown ↓44%Fe Unknown NE NE NE 113-117

↓17%AUCg

↓5%AUCh

a 2 hours before or after dose.

b Relative bioavailability.

c Prothrombin time.

d With dairy products.

e Concomitant administration.

f 2 hours before dose.

g 2 hours after dose.

h >2 hour after dose.

i 3 hours before dose.

AUC = area under the concentration-time curve; CL = total body clearance; CLR = renal clearance; F = bioavailability; NE = no effect;
PTc = prothrombin time.
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tion with probenecid results in prolongation of the
half-life for agents with significant renal elimination
such as gatifloxacin, levofloxacin and ciproflox-
acin, because of a competitive inhibition of the
tubular secretion of these drugs.[120] Ciproflox-
acin has been shown to inhibit the hepatic metabo-
lism of coadministered methylxanthines, such as
theophylline, through inhibition of CYP1A2.[45]

However, negligible or no effect on theophylline
metabolism has been noted for levofloxacin, spar-
floxacin, gatifloxacin, gemifloxacin, moxifloxacin
and rufloxacin.[97,98,101,108,112-114,121,122] Data on the
interactions with sitafloxacin are currently un-
known. Additionally, other case reports have doc-
umented ciprofloxacin-associated increases in
prothrombin times in patients concurrently receiving
warfarin;[92] no such effect was noted for levo-
floxacin, gatifloxacin, gemifloxacin or moxiflox-
acin.[37,102,106,123]

The lack of effect for the newer agents on theo-
phylline and warfarin metabolism can be explained
by the fact these agents do not depend on the CYP
system for biotransformation, thus decreasing the
probability of significant drug interactions with
this enzyme system.[39]

2.2 Drug-Food Interactions

As a class, fluoroquinolones are not significantly
affected by coadministration with food. Most stud-
ies have shown that the newer fluoroquinolones
have slightly delayed tmax and lower Cmax values,
but overall the AUC and bioavailability is not clin-
ically altered.[124]

Data from several studies investigating the ef-
fects of different enteral feeding supplements on
the bioavailability of ciprofloxacin demonstrate
mixed results. Three studies have shown that vari-
ous enteral products can decrease ciprofloxacin
Cmax by 26 to 47% and AUC by 58 to 73%.[125-127]

However, one study in 6 healthy volunteers found
no statistically significant changes in AUC, Cmax

and tmax when ciprofloxacin was administered with
enteral feeding.[128] The apparent discrepancy in
results may be due to differing cation concentra-
tions in the various enteral formulations. Whether

the same can be expected in critically ill patients is
uncertain since these patients often have residual
feedings which allow for a longer time for a physical
interaction to occur in the GI tract. The potential
interaction between enteral feeds and the newer
fluoroquinolone agents has not been well studied.

3. Special Populations

3.1 Patients with Renal Impairment

As discussed in section 1.3, a number of the
fluoroquinolones are eliminated predominantly by
renal clearance mechanisms and will, therefore,
have altered pharmacokinetics in the presence of
renal impairment (table VI). Dosage adjustment
guidelines according to the degree of renal insuffi-
ciency are summarised in table VII. The large Vd
and relatively high intrinsic clearance of the
fluoroquinolones mean that their removal during
haemodialysis or peritoneal dialysis is not signifi-
cant. Thus, no supplemental doses are necessary
following these procedures.[129-131,133-136]

Ciprofloxacin, gemifloxacin and rufloxacin are
eliminated by renal and extrarenal routes; there-
fore, significant accumulation does not occur until
renal function is severely impaired (creatinine
clearance <20 to 30 ml/min).[132,135,139] Levofloxacin,
sitafloxacin and gatifloxacin are primarily elimin-
ated through renal mechanisms. As expected, clear-
ance decreases and half-life increases as the degree
of renal impairment increases for both levofloxacin
and gatifloxacin. Data on the pharmacokinetics of
sitafloxacin in renal disease are currently limited;
however, since it is primarily excreted unchanged
in the urine, it is most likely to require dosage re-
duction in patients with renal disease.

In contrast, dosage reduction for renal insuffi-
ciency is not currently indicated for either moxi-
floxacin or sparfloxacin since both drugs are
cleared primarily by nonrenal mechanisms.[134,140]

However, data from individual pharmacokinetic
studies in patients with renal dysfunction have led
to recommendations for dosage adjustment by var-
ious authors (table VII).
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3.2 Patients with Hepatic Disease

Similar to alterations in renal function, changes
in hepatic function can potentially affect the dos-

age adjustments of fluoroquinolones, particularly
those agents with significant nonrenal clearance
mechanisms. Since only one-third of a ciprofloxacin
dose is eliminated by nonrenal mechanisms, as

Table VI. Pharmacokinetics of selected fluoroquinolones in patients with renal impairment

Reference Dose (mg) CLCR Cmax (mg/L) t1⁄2β (h) AUC24 (mg/L • h)

Ciprofloxacin
Drusano et al.[129] 200 IV >100 ml/min/1.73m2 6.3 ± 1.8 4.3 ± 0.8 7.4a

60-99 ml/min/1.73m2 4.1 ± 1.1 6.1 ± 1.6 7.6a

10-59 ml/min/1.73m2 5.4 ± 0.8 7.7 ± 1.2 13.3a

<10 ml/min/1.73m2 5.4 ± 1.6 8.5 ± 3.3 12.9

Boelaert et al.[130] 250 PO >60 ml/min/1.73m2 1.5 ± 0.2 4.4 ± 0.2 6.9 ± 0.9

<20 ml/min/1.73m2 1.7 ± 0.4 8.7 ± 0.9 14.3 ± 3.4

ESRD 2.1 ± 0.2 5.8 ± 0.9 15.8 ± 1.9

Gatifloxacin
Kawada et al.[131] 100 PO 60-90 ml/min 8.9 13.2

30-59 ml/min 16.5 20.6

10-29 ml/min 29.6 47.9

Gemifloxacin
Allen et al.[132] 160 PO >100 ml/min 0.7 ± 0.3 6.7 ± 1.2 3.2 ± 0.8

<20 ml/min 0.6 ± 0.3 14 ± 4.6 6.2 ± 3.5

ESRD 0.7 ± 0.3 14 ± 3.2 6.8 ± 1.9

Levofloxacin
Gisclon et al.[133] 500 PO 50-80 ml/min 7.8 ± 1.8 9 ± 0.9 96 ± 12

20-49 ml/min 7.1 ± 3.1 27 ± 10 182 ± 63

10-19 ml/min 8.2 ± 2.6 35 ± 5 263 ± 72

Hemodialysis 5.7 ± 1.0 76 ± 41 NA

CAPD 6.9 ± 2.3 51 ± 24 NA

Moxifloxacin
Stass et al.[134] 400 PO >90 ml/min/1.73m2 4.4 ± 1.4 14.9 ± 1.5 43.4b ± 1.4

60-89 ml/min/1.73m2 4.9 ± 1.3 15.1 ± 1.1 40.1b ± 1.3

30-59 ml/min/1.73m2 3.4 ± 1.5 16.2 ± 1.2 35.8b ± 1.4

<30 ml/min/1.73m2 3.1 ± 1.1 14.5 ± 1.2 44.0b ± 1.3

Rufloxacin
Perry et al.[135] 400 PO >80 ml/min 4.3 ± 0.4 29.8 ± 3.2 154c ± 10

30-80 ml/min 4.6 ± 0.4 36.4 ± 4.9 199c ± 13

8-29 ml/min 4.3 ± 0.4 43.5 ± 2.9 243c ± 26

<8 ml/minc 6.8 ± 0.3 26.6 ± 3.9 219c ± 34

Sparfloxacin
Dorr et al.[136] 200d ≥50 ml/min/1.73m2 0.8 18.7 11.5e

30-49 ml/min/1.73m2 1.5 27.7 25.4e

10-29 ml/min/1.73m2 0.8 20.4 19.2e

a Normalised AUC/1.73m2.

b AUC96.

c AUC∞.

d Multiple dosages.

e AUC24.

AUCt = area under the concentration-time curve to time t; CAPD = continuous ambulatory preitoneal dialysis; CLCR = creatinine clearance;
Cmax = peak serum drug concentration; ESRD = end-stage renal disease; IV = intravenous; PO = orally; t1⁄2ββββ = elimination half-life.
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expected, studies have not demonstrated any clin-
ically significant alterations in ciprofloxacin phar-
macokinetics in patients with cirrhosis when com-
pared with healthy controls.[129] Thus, dosage
adjustments are not necessary.[46]

In patients with mild to moderately impaired he-
patic function, moxifloxacin exposure was approx-
imately 23% higher when compared with healthy
volunteers. The results, though statistically signif-
icant, did not appear clinically significant enough
to warrant dose adjustments in patients with mild
to moderate hepatic dysfunction.[138] Like moxi-
floxacin, sparfloxacin is primarily eliminated by
nonrenal mechanisms. However, data thus far have
not demonstrated significant changes in the pres-
ence of hepatic disease.[141] Thus, no dosage adjust-
ments are currently recommended.

No significant alternations in the pharmaco-
kinetics would be expected for levofloxacin or
gatifloxacin in patients with hepatic dysfunction
since these agents are predominately cleared ren-
ally. The pharmacokinetics of gatifloxacin were
studied in 8 patients with moderate hepatic impair-
ment. After a single oral dose of 400mg, Cmax and
AUC values were 32% and 23% greater than that
of healthy volunteers, respectively.[142] The manu-
facturer, however, recommends that no dosage ad-
justment is necessary in patients with moderate
hepatic dysfunction.[7]

Data on rufloxacin and sitafloxacin are limited.
However, dosage adjustments in hepatic dysfunc-
tion are not likely to be required as both drugs have
other routes of elimination.

3.3 Other Populations

Studies of fluoroquinolone agents in the elderly
have not demonstrated any clinically significant
changes in pharmacokinetic parameters such as
AUC, clearance and Cmax.[9,37,43,46,59,76,87,138,143]

The pharmacokinetics of drugs in patients may
differ from that of controls because of the impact
of their underlying disease state. In a study of pa-
tients with burns, ciprofloxacin clearance was in-
creased in burn victims compared with controls.[144]

However, the pharmacokinetics of gatifloxacin
were not shown to be significantly different in pa-
tients with acute exacerbations of chronic bronchitis,
compared with healthy controls.[145] Many of the
newer fluoroquinolones have not yet been suffi-
ciently studied in special populations.

4. Pharmacodynamics

Because of the differences in the pharmaco-
kinetics and antimicrobial susceptibility between
various fluoroquinolone agents, a pharmacodynamic
comparison incorporating the variability in both of
these factors has been proposed to determine the
antimicrobial spectrum of activity of these agents.
Several surrogate markers exist for assessing the
clinical and microbiological efficacy of an anti-
microbial agent. Markers such as time above the
minimum inhibitory concentration (t>MIC), the

Table VII. Suggested dosage adjustments for patients with renal
dysfunction

Drug CLCR (ml/min) Suggested dose

Ciprofloxacin[46] >30 250-500mg q12h PO

200-400mg q12h IV

<30 250mg q12h PO

200mg q12h IV

Gatifloxacin[137] >30 400mg PO q24h

<30 400mg load, 200mg q24h

Gemifloxacin[132] >100 320mg PO q24h

<20 160mg PO q24h

Levofloxacin[59] >50 250-500mg PO/IV q24h

20-49 500mg load, 250mg
PO/IV q24h

10-19 500mg load, 250mg
PO/IV q48h

<10 500mg load, 250mg
PO/IV q48h

Moxifloxacin[134,138] No dosage
adjustment required

400mg q24h

Rufloxacin[135] >30
ml/min/1.73m2

400mg load, 200mg q24h

<30
ml/min/1.73m2

400mg load, 200mg q48h

Sparfloxacin[136] >30
ml/min/1.73m2

400mg load, 200mg q24h

<30
ml/min/1.73m2

400mg load, 200mg q48h

CLCR = creatinine clearance; IV = intravenously; PO = orally; qxh =
every x hours.
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peak serum concentration-to-MIC ratio (Cmax/MIC)
and the ratio of the AUC to the MIC (AUC/MIC)
explain the specific relationships between the
pharmacokinetic and the pharmacodynamic inter-
actions between the antibacterial and the infecting
organism.[146] For antimicrobials such as β-lactams
and glycopeptides, the t>MIC is the most important
pharmacokinetic-pharmacodynamic marker as these
drug classes exhibit time-dependent bactericidal
activity.[146]

In contrast, aminoglycosides and fluoroquino-
lones exhibit concentration-dependent bactericidal
activity. For this reason, Cmax/MIC and AUC/MIC
appear to be the more important surrogate markers
when attempting to optimise therapy.[146]

Forrest et al.[147] examined the pharmacodynamics
of intravenous ciprofloxacin in 64 patients with
nosocomial pneumonia. Analysis of the data re-
vealed that AUC/MIC values were highly predictive
of microbiological and clinical cures. Only 26%
of patients with AUC/MIC values of <125 achieved
microbiological eradication, compared with 82%
of patients with an AUC/MIC of >125. Clinically,
42% of patients with an AUC/MIC <125 achieved
clinical cures, when compared with a cure rate of 80%
in patients with an AUC/MIC of >125.[147] Based on
these data, a target AUC/MIC of >125 has been sug-
gested as the pharmacokinetic-pharmacodynamic
goal in all patients for whom ciprofloxacin is pre-
scribed for the treatment of pneumonia.[148]

As recommended by these investigators,[148] in
patients with marginally-susceptible organisms
causing severe infections (i.e. Pseudomonas aeru-
ginosa) the use of ciprofloxacin every 8 hours
should be considered. If the target AUC/MIC ratio
cannot be achieved, consideration should be given
to changing to another agent. Alternatively, combin-
ing with an agent from another class (e.g. β-lactams)
may provide additive or synergistic effects.

The AUC/MIC can also be used to evaluate the
probability of developing resistance to antimicro-
bial therapy. Thomas et al.[149] attempted to deter-
mine which surrogate marker best correlated with
the development of bacterial resistance. Data from
107 patients with nosocomial pneumonias were

retrieved and analysed. Results showed that approx-
imately 50% of isolated organisms acquired resis-
tance within 4 days of initiating therapy when
AUC/MIC was <100, regardless of the antimicro-
bial therapy used. AUC/MIC values of >100, on
the other hand, were associated with an absence of
antimicrobial resistance.[149] The analysis also
demonstrated that, within the first 24 hours of
therapy, a high AUC/MIC must be achieved for
effective killing of the organisms to occur. Lower
AUC/MIC ratios of 30 to 50 have been shown,
however, to eradicate strains of Streptococcus pneu-
moniae without the development of resistance,
both in vitro and in patients with community-acquired
pneumonias.[150,151] It is, therefore, important to
note that the AUC/MIC goals reflect a specific anti-
bacterial against a specific organism. It would be
inappropriate to extrapolate these goals to other
antibacterial-organism combinations without con-
firming data.

The Cmax/MIC ratio also appears to correlate well
with fluoroquinolone efficacy. Preston et al.[152]

examined the probabilities of successful outcomes
for levofloxacin at 3 different sites of infection.
They found that the probabilities of clinical cure
were dependent upon achievement of specific
Cmax/MIC break-points which differed depending
on the infectious site (e.g. skin and soft tissue, pul-
monary, urinary tract).[152] For example, at a break-
point of 12.2, there was almost a 100% probability
of a urinary tract infection being cured. At the same
break-point, pulmonary infections and skin and
soft tissue infections had approximately a 93 and
80% probability of clinical cure, respectively.[152]

These data demonstrates that the choice of a goal
Cmax/MIC is dependent on the site of infection, as
well as the clinician’s definition of an acceptable
failure rate.

The apparent discrepancy in terms of which
pharmacodynamic indices (e.g. Cmax/MIC or AUC/
MIC) are most predictive of clinical and microbio-
logical outcomes is due in part to the fact that these
indices are interrelated. Secondly, differences in
the susceptibility of the infecting organism and site
of infection between studies probably affect the
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probability of achieving the desired pharmacody-
namic goal. In the study by Preston et al.,[152] patients
primarily had community-acquired infections with
relatively susceptible organisms. The optimal
Cmax/MIC ratio was more likely to be achieved
when compared with the patients in the study by
Forrest et al.[147] which included predominantly
nosocomial acquired infections with less suscepti-
ble organisms. Therefore, it is possible that if the
optimal Cmax/MIC ratio is not achieved (>10), then
the AUC/MIC ratio is the most predictive of clini-
cal and microbiological outcomes.[152]

5. Discussion

A pharmacodynamic comparison of fluoroquin-
olone antibacterials takes into consideration both
pharmacokinetic variability and antimicrobial sus-
ceptibility. When compared with ciprofloxacin, the
newer fluoroquinolones generally retain wide
distribution characteristics but longer half-lives
which, combined with post-antibacterial effect,
enables single daily administration. Based on the
lower MIC90 values for Gram-positive organisms
(i.e. S. pneumoniae) and improved pharmacokinet-
ics, the newer quinolones are expected to provide
a superior pharmacodynamic profile when compared
with ciprofloxacin against these pathogens. This
relationship is depicted in figure 1 which summa-
rises the estimated AUC24/MICs of 5 fluoroquino-
lones for selected pathogens.

Pickerill et al.[79] reported these values by using
manufacturer suggested doses for each fluoroquino-
lone, combined with the population pharmaco-
kinetic parameters and median MIC90 values for
the selected pathogens. Based on these data, the
strength of the new fluoroquinolones lies in their
enhanced Gram-positive activity. Levofloxacin,
sparfloxacin, gatifloxacin and moxifloxacin all have
significantly greater activity against both Staphylo-
coccus aureus and S. pneumoniae when compared
with ciprofloxacin. While moxifloxacin appears to
have the greatest activity against these organisms,
its activity is similar to that of sparfloxacin and
gatifloxacin when protein binding is taken into
consideration.

Monte Carlo simulation has also been utilised
to compare the relative activity of the fluoroquino-
lone agents against S. pneumoniae.[153] This tech-
nique takes pharmacokinetic variability and MICs
into consideration, thus providing more informa-
tion on the relative activity of the agents than single
point estimates (i.e. median AUC and MIC values
of each agent). All agents appear to have excellent
activity against Escherichia coli, while none have
sufficient activity against P. aeruginosa, indicating
the need for higher doses and/or the addition of
other agents in treating serious infections involving
this organism. In addition, the newer agents appear
to have enhanced activity against anaerobes com-
pared with ciprofloxacin; however, the clinical sig-
nificance is unknown.

Achievement of specific threshold values for
the pharmacodynamic indices (i.e. Cmax/MIC>10
or AUC/MIC>125) are predictive of clinical and
microbiological outcomes for ciprofloxacin in the
treatment of lower respiratory tract infections and
levofloxacin in the treatment of various community-
acquired infections (i.e. respiratory tract, urinary
tract and skin/skin structure infections). In addi-
tion, failure to achieve these goals has been shown
to increase the likelihood for development of resis-
tance to ciprofloxacin. Whether these goals hold
true for the newer fluoroquinolones as well as in
the treatment of infections involving other organ-
isms (e.g. anaerobes) and other sites of infection
requires further studies.

A potential role for therapeutic drug monitoring
of the newer fluoroquinolones exists in the future
as more data to delineate the pharmacodynamic re-
lationships become available. As described in section
4, the microbiological and clinical outcomes with
these agents appear to be linked to maximising the
Cmax/MIC or AUC/MIC ratio. In order to achieve
these goals, the correct dose of the drug needs to
be administered to the patient at the appropriate
interval. Although routine measurement of fluoro-
quinolone concentrations is currently impractical,
they can be used to optimise therapy in selective
situations (i.e. patients with nosocomial-acquired
pneumonia, burns, meningitis).
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Over the past decade, a number of pharmaco-
kinetic tools, such as optimal sampling, population
pharmacokinetic modelling and maximum aposte-
riori probability (MAP)-Bayesian modelling have
provided the resources necessary to enable practi-
tioners to control drug exposure in individual pa-
tients with the goal of achieving a more predictable
therapeutic response.[152,154]

In order to use these tools, a compartmental
pharmacokinetic model is necessary to describe the
absorption, distribution, metabolism and elimination
processes utilising pharmacokinetic parameters.
The majority of the studies conducted to date eval-
uating the pharmacokinetics of fluoroquinolones
have utilised noncompartmental analysis; however, a
few compartmental pharmacokinetic analyses
have been performed. The results of these studies
indicate that the pharmacokinetics of ciproflox-
acin, levofloxacin, moxifloxacin, sparfloxacin and
gatifloxacin can best be described using a 2-
compartmental model.[6,13,152,155]

Population-pharmacokinetic analysis programs
such as NPEM (nonparametric expectation maxi-
misation), NONMEM (nonlinear mixed effects
modelling), NPML (nonparametric maximum like-
lihood) and IT2B (iterative 2-stage Bayesian) ap-
proaches provide powerful tools to perform com-
partmental pharmacokinetic analysis even with
sparse sampling.[154]

Using an iterative IT2B approach, Forrest et
al.[155] developed a model for individualising cipro-
floxacin dosage to achieve the desired AUC/MIC
ratio based on an estimate of the patient’s creatinine
clearance and the MIC. In selected patients in
whom assurance of the optimal drug exposure is
critical, obtaining appropriately timed serum drug
concentrations may be beneficial. The optimal
sampling strategy for serum concentrations has
been examined by Forrest et al.[155] for ciproflox-
acin in 74 patients following intravenous doses of
200, 300 or 400mg. The results indicate that 3 well-
timed samples (at 15 to 30 minutes and 2.5 hours
after the dose, and a trough concentration) provide
accurate and precise estimates of clearance and
Vd.[155] Analysis of these serum concentrations

using MAP-Bayesian software programs provides
precise control of drug exposure designed to
achieve specific pharmacodynamic end-points (i.e.
specific AUC/MIC ratios).

Additional studies are necessary to more clearly
define the pharmacodynamic relationships with
the newer fluoroquinolone agents and to determine
the outcomes associated with their clinical appli-
cation. Prospective concentration-controlled trials
are needed to compare outcomes between tradi-
tional fixed versus individualised dosage regi-
mens.

References
1. Keller I, Lubasch A, Rau M, et al. Comparative pharmacokinet-

ics of ciprofloxacin, gatifloxacin, levofloxacin, moxifloxacin,
and trovafloxacin after a single in healthy volunteers [abstract
30]. 39th Interscience Conference on Antimicrobial Agents
and Chemotherapy; 1999 Sep 26-29; San Francisco

2. LeBel M, Vallee F, Bergeron M. Tissue penetration of cipro-
floxacin after single and multiple Doses. Antimicrob Agents
Chemother 1986; 29: 501-5

3. Hoffken G, Lode H, Prinzing C, et al. Pharmacokinetics of
ciprofloxacin after oral and parenteral administration. Anti-
microb Agents Chemother 1985; 27: 375-9

4. Drusano G, Plaisance K, Forrest A, et al. Dose ranging study
and constant infusion evaluation of ciprofloxacin. Antimicrob
Agents Chemother 1986; 30: 440-3

5. Gonzalez M, Moranchel A, Duran S, et al. Multiple-dose phar-
macokinetics of ciprofloxacin administered intravenously to
normalvolunteers.AntimicrobAgentsChemother1985;28:235-9

6. Nakashima M, Uematsu T, Kosuge K, et al. Single and
multiple-dose pharmacokinetics of AM-1155, a new 6-fluoro-
8-methoxy quinolone, in human. Antimicrob Agents Chemo-
ther 1995; 39: 2635-40

7. Gatifloxacin T. Princeton (NJ): Bristol-Meyers Squibb Co,
2000. (Data on file)

8. Allen A, Bygate E, Oliver S, et al. Pharmacokinetics and toler-
ability of gemifloxacin (SB-265805). Antimicrob Agents
Chemother 2000; 44: 1604-8

9. Pay V, Allen A, Bygate E, et al. Multiple-dose pharmacokinetics
and tolerability of gemifloxacin following once-daily repeat
oral 320mg doses to healthy elderly volunteers. 40th Intersci-
ence Conference on Antimicrobial Agents and Chemother-
apy; 2000 Sep 17-20; Toronto

10. Levofloxacin L. Raritan (NJ): Ortho-McNeil, 1996. (Data on file)
11. Holland M, Chien S, Corrado M, et al. The pharmacokinetic

profile of levofloxacin following once- or twice-daily 500mg
administration [poster]. Fifth International Symposium on
New Quinolones; 1994 Aug 25-27; Singapore

12. Holland M, Chien S, Corrado M, et al. The pharmacokinetic
profile of intravenous levofloxacin following once- or twice-
daily administration [poster]. Fifth International Symposium
on New Quinolones; 1994 Aug 25-27; Singapore

13. Stass H, Dalhoff A, Kubitza D, et al. Pharmacokinetics, safety,
and tolerability of ascending single doses of moxifloxacin, a
new 8-methoxy quinolone, administered to healthy subjects.
Antimicrob Agents Chemother 1998; 42: 2060-5

Newer Fluoroquinolone Antibacterials 183

  Adis International Limited. All rights reserved. Clin Pharmacokinet 2001; 40 (3)



14. Stass H, Kubitza D. Basic pharmacokinetics of moxifloxacin.
Drugs 1999; 58 Suppl. 2: 225-6

15. Stass H, Kubitza D. Pharmacokinetics and elimination of
moxifloxacin after oral and intravenous administration in
man. J Antimicrob Chemother 1999; 43: 83-90

16. Segre G, Cerretani D, Moltoni L, et al. Pharmacokinetics of
rufloxacin in healthy volunteers. Eur J Clin Pharmacol 1992;
42: 101-5

17. Imbimbo B, Broccali G, Cesana M, et al. Inter- and intrasubject
variabilities in the pharmacokinetics of rufloxacin and single
oral administration to healthy volunteers. Antimicrob Agents
Chemother 1991; 35: 390-3

18. Nakashima M, Uematsu T, Kosuge K, et al. Pharmacokinetics
and tolerance of DU-6859a, a new fluoroquinolone, after sin-
gle and multiple oral doses in healthy nvlunteers. Antimicrob
Agents Chemother 1995; 39: 170-4

19. Sakashita S, Yokogawa M, Yamaguchi T, et al. Pharmacokinet-
ics of sparfloxacin in man. Xenobiotic Metab Disp 1991; 6:
43-51

20. Montay G, Bruno R, Vergniol J, et al. Pharmacokinetics of
sparfloxacin in humans after single oral administration at
doses of 200, 400, 600, and 800mg. J Clin Pharmacol 1994;
34: 1071-6

21. Montay G. Pharmacokinetics of sparfloxacin in healthy volun-
teers and patients: a review. J Antimicrob Chemother 1996;
37: 27-39

22. Montay G, Bruno R, Thebault J, et al. Dose-dependent pharma-
cokinetic study of sparfloxacin (SPFX) in healthy young vol-
unteers. 30th Interscience Conference on Antimicrobial
Agents and Chemotherpy; 1990 Oct 21-24; Atlanta

23. 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

24. Sorgel F, Naber K, Kinzig M, et al. Comparartive pharmacoki-
netics of ciprofloxacin and temafloxacin in humans: a review.
Am J Med 1991; 91 Suppl. 6A: 51S-65S

25. Allen A, Bygate E, Teillol-Foo M, et al. Multiple-dose pharma-
cokinetics and tolerability of gemifloxacin following oral
doses to healthyvolunteers.40thInterscienceConferenceon Anti-
microbial Agents and Chemotherapy; 2000 Sep 17-20; Toronto

26. Chien SC, Chow AT, Fowler CL, et al. Double-blind evaluation
of the safety and pharmacokinetics of multiple oral once-daily
750mg and 1000mg doses of Levofloxacin in healthy volun-
teers [abstract]. 36th Interscience Conference of Antimicro-
bial Agents and Chemotherapy; 1996 Sept 15-18; New
Orleans

27. Sullivan J, Woodruff M, Lettieri J, et al. Pharmacokinetics of a
once/day oral dose of moxifloxacin (BAY 12-8039), a new
enantiomerically pure 8-methoxy quinolone. Antimicrob
Agents Chemother 1999; 43: 2793-7

28. Kisicki J, Griess R, Ott C, et al. Multiple-dose pharmacokinetics
and safety of rufloxacin in normal volunteers. Antimicrob
Agents Chemother 1992; 36: 1296-301

29. Stein G. Pharmacokinetics and pharmacodynamics of newer
fluoroquinolones. Clin Infect Dis 1996; 23: S19-24

30. Lettieri J, Rogge M, Echols R, et al. Pharmacokinetics of
ciprofloxacin following single oral and intravenous doses [ab-
stract no. 385]. 17th International Congress of Chemotherapy;
1991 Jun 23-28; Berlin

31. Stass H. Absorption and bioavailability of moxifloxacin. Drugs
1999; 58 Suppl. 2: 227-8

32. Sparfloxacin Z. Collegeville (PA): Rhone-Poulence Rorer,
1996. (Data on file)

33. North D, Fish D, Redington J. Levofloxacin, a second-genera-
tion fluoroquinolone. Pharmacotherapy 1998; 18: 915-35

34. Lacreta F, Kaul S, Kollia G, et al. Bioequivalence of 400-mg
intravenous and oral gatifloxacin in healthy adult subjects.
39th Interscience Conference on Antimicrobial Agents and
Chemotherapy; 1999 Sep 26-29; San Francisco

35. Yamaguchi Y, Yokogawa M, Sekine Y, et al. Intestinal absorp-
tion characteristics of sparfloxacin. Xenobiotic Metab Disp
1991; 6: 53-9

36. Gemifloxacin. New York: Smith-Kline Beecham. (Data on file)
37. Balfour J, Wiseman L. Moxifloxacin. Drugs 1999; 57: 363-72
38. Martin S, Meyer J, Chuck S, et al. Levofloxacin and

sparfloxacin: new quinolone antibiotics. Ann Pharmacother
1998; 32: 320-35

39. Stass H. Metabolism and excretion of moxifloxacin. Drugs
1999; 58 Suppl. 2: 231-2

40. Turnridge J. Pharmacokinetics and pharmacodynamics of
fluoroquinolones. Drugs 1999; 58 Suppl. 2: 29-36

41. Privitera G, Nicastro G, Imbimbo B, et al. Biliary excretion of
rufloxacin in humans. Antimicrob Agents Chemother 1993;
37: 2545-9

42. Mattina R, Bonfiglio G, Cocuzza C, et al. Pharmacokinetics of
rufloxacin in healthy volunteers after repeated oral doses.
Chemotherapy 1991; 37: 389-97

43. Shimada J, Nogita T, Ishibashi Y. Clinical pharmacokinetics of
sparfloxacin. Clin Pharmacokinet 1993; 25: 358-69

44. Johnson J, Cooper M, Andrews J, et al. Pharmacokinetics and
inflammatory fluid penetration of sparfloxacin. Antimicrob
Agents Chemother 1992; 36: 2444-6

45. Davis R, Markham A, Balfour J. Ciprofloxacin: an updated re-
view of its pharmacology, therapeutic efficacy and tolerabil-
ity. Drugs 1996; 51: 1019-74

46. Vance-Bryan K, Guay D, Rotschafer J. Clinical pharmacokinet-
ics of ciprofloxacin. Clin Pharmacokinet 1990; 19: 434-61

47. Lode H, Hoffken G, Prinzing C, et al. Comparative pharmaco-
kinetics of new quinolones. Drugs 1987; 34: 21-5

48. Wolff M, Boutron L, Singlas E, et al. Penetration of ciproflox-
acin into cerebrospinal fluid of patients with bacterial menin-
gitis. Antimicrob Agents Chemother 1987; 31: 899-902

49. Baldwin D, Wise R, Andrews J, et al. Comparative broncho-
alveolar concentrations of ciprofloxacin and lomefloxacin
following oral administration. Respir Med 1993; 87: 595-601

50. Honeybourne D, Wise R, Audrews J. Ciprofloxacin penetration
into lungs [letter]. Lancet 1987; I (8540): 1040

51. Hopf G, Bocker R, Estler C, et al. Concentration of ciproflox-
acin in human serum, lung, and pleural tissues and fluids dur-
ing and after lung surgery. Infection 1988; 16: 37-8

52. Fraschini F, Braga P, Cosentina R, et al. Ciprofloxacin: multiple
dose pharmacokinetic and clinical results in patients with
hypercrinic bronchopulmonary diseases. Int J Clin Pharmacol
1987; 7: 63-71

53. Grabe M, Forsgren A, Bjork T. Concentrations of ciprofloxacin
in serum and prostatic tissue in patients undergoing transure-
thral resection. Eur J Clin Microbiol 1986; 5: 211-2

54. Daschner F, Westernfelder M, Dalhoff A. Penetration of
ciprofloxacin into kidney, fat, muscle, and skin yissue. J Clin
Microbiol 1986; 5: 212-3

55. Naber C, Steghafner M, Kinzig-Schipper M, et al. Gatifloxacin:
plasma and urine concentrations and penetration into prostatic
and seminal fluid after single oral administration. 21st Inter-
national Congress of Chemotherapy; 1999 Jul 4-7; Birming-
ham

56. Wise R, Gee T, Andrews J, et al. The pharmacokinetics and
fnflammatory fluid penetration of gemifloxacin. 40th Inter-

184 Aminimanizani et al.

  Adis International Limited. All rights reserved. Clin Pharmacokinet 2001; 40 (3)



science Conference on Antimicrobial Agents and Chemother-
apy; 2000 Sep 17-20; Toronto

57. Ohi Y, Goto T, Kawahara K, et al. Penetration of luoroquino-
lones into human spinal fluid. Chemotherapy 1992; 40: 469-73

58. Nagai H, Yamasaki T, Masuda M, et al. Penetration of
levofloxacin into bronchoalveolar lavage fluid. Drugs 1993;
45 Suppl. 3: 259

59. Fish D, Chow A. The clinical pharmacokinetics of levofloxacin.
Clin Pharmacokinet 1997; 32: 101-19

60. Nakamori Y, Tsuboi E, Narui K, et al. Sputum penetration of
levofloxacin and its clinical efficacy in patients with chronic
lower respiratory tract infections. Jpn J Antibiot 1992; 45:
539-47

61. Yamashita M, Sawada K, Chokyu H, et al. Prostatic tissue levels
of levofloxacin. Chemotherapy 1992; 40: 203-9

62. Takahashi H, Mogi S, Kobayashi M, et al. Assay of skin level
and clinical investigation of levofloxacin in the treatment of
skin infections. Chemotherapy 1992; 40: 286-305

63. Andrews J, Honeybourne D, Jevons G, et al. Penetration of
moxifloxacin into bronchial mucosa, epithelial lining fluid
and alveolar macrophages following a single, 400-mg oral
dose. 38th Interscience Conference on Antimicrobial Agents
and Chemotherapy; 1998 Sep 24-27; San Diego

64. Muller M, Stab H, Brunner M, et al. Penetration of
moxifloxacin into peripheral compartments in humans. Anti-
microb Agents Chemother 1999; 43: 2345-9

65. Wise R, Johnson J, O’Sullivan N, et al. Pharmacokinetics and
tissue penetration of rufloxacin, a long acting quinolone an-
timicrobial agent. J Antimicrob Chemother 1991; 28: 905-9

66. Wise R, Andrews J, Imbimbo B, et al. The penetration of
rufloxacin into sites of potential infection in the respiratory
tract. J Antimicrob Chemother 1993; 32: 861-6

67. Kawahara K, Kawahara M, Goto T, et al. Penetration of spar-
floxacin into the human spinal fluid: a comparative study of
5 fluoroquinolones. Chemotherapy (Tokyo) 1991; 39: 149-57

68. Nakatani T, Tsuboi E, Narui K, et al. Clinical efficacy of
sparfloxacin in the respiratory tract infections and its pharma-
cokinetics in the sputum. Chemotherapy (Tokyo) 1991; 39:
245-9

69. Takeuchi T, Yamamoto N, Takahashi Y, et al. Pharmacokinetic
analysis on penetration of sparfloxacin into prostatic tissue.
Chemotherapy (Tokyo) 1991; 39: 138-44

70. Tanimura H, Ishimoto K, Yukawa H, et al. Excretion into bile
and gallbladder tissue level of a new quinolone, sparfloxacin,
and its efficacy on surgical infections. Chemotherapy (Tokyo)
1991; 39: 620-32

71. Wong-Beringer A, Beringer P, Lovett MA. Successful treatment
of meningitis due to multi-drug resistant pseudomonas aeru-
ginosa with high-dose ciprofloxacin therapy. Clin Infect Dis
1997; 25: 936-7

72. Wise R, Andrews J, Ashby J, et al. The pharmacokinetics and
penetration of gatifloxacin into an inflammatory exudate after
oral administration [abstract 10]. 39th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy; 1999 Sep
26-29; San Francisco

73. Child J, Mortiboy D, Andrews J, et al. Open-label crossover
study to determine the pharmacokinetics and penetration of
two dose regimens of levofloxacin into inflammatory fluid.
Antimicrob Agents Chemother 1995; 39: 2749-51

74. Wise R, Andrews J, Marshall G, et al. Pharmacokinetics and
inflammatory-fluid penetration of moxifloxacin following
oral and intravenous administration. Antimicrob Agents
Chemother 1999; 43: 1508-10

75. Hoffken G, Lode H, Wiley P. Pharmacokinetics and interaction
in the bioavailability of new quinolones. Proceedings of the
International Symposium on the New Quinolones; 1986 Jul
17-19; Geneva

76. Perry C, Balfour J, Lamb H. Gatifloxacin. Drugs 1999; 58:
683-98

77. Siefert H, Domdey-Bette A, Henninger K, et al. Pharmacoki-
netics of the 8-methoxyquinolone, moxifloxacin: a compari-
son in humans and other mammalian species. J Antimicrob
Chemother 1999; 43: 69-76

78. Allen A, Vousden M, Porter A, et al. Effect of maalox on the
bioavailability of oral gemifloxacin in healthy volunteers.
Chemotherapy 1999; 45: 504-11

79. Pickerill K, Paladino J, Schentag J. Comparison of the
fluoroquinolones based on pharmacokinetics and pharmaco-
dynamic parameters. Pharmacotherapy 2000; 20: 417-28

80. Wise R, Donovan I. Tissue penetration and metabolism of
ciprofloxacin. Am J Med 1987; 82: 103-7

81. Ledergerber B, Bettex J, Joos B, et al. Effect of standard break-
fast on drug absorption and multiple-dose pharmacokinetics
of ciprofloxacin. Antimicrob Agents Chemother 1985; 27:
350-2

82. Wise R, Honeybourne D. A review of the penetration of
sparfloxacin into the lower respiratory tract and sinuses. J
Antimicrob Chemother 1996; 37: 57-63

83. Okazaki O, Kojima C, Hakusui H, et al. Enantioselective dis-
position of ofloxacin in humans. Antimicrob Agents Chemo-
ther 1991; 35: 2106-9

84. Stahlberg H, Goeler K, Guillame M, et al. Single dose pharma-
cokinetics of the R- and S-enantiomers of gatifloxacin in vol-
unteers. Drugs 1999; 58: 222-4

85. Nakashima M, Kanamaru M, Uematsu T, et al. Phase I study of
pyridone carboxylic acid antibacterial agent, sparfloxacin.
Rinshou Iyaku 1991; 7: 1639-84

86. Trautmann M, Ruhnke M, Borner K, et al. Pharmacokinetics of
sparfloxacin and serum bactericidal activity against pneumo-
cocci. Antimicrob Agents Chemother 1996; 40: 776-9

87. Nightengale C. Moxifloxacin, a new sntibiotic designed to treat
community-acquired respiratory tract infections: a review of
microbiologic and pharmacokinetic-pharmacodynamic char-
acteristics. Pharmacotherapy 2000; 20: 245-56

88. Frost R, Lasseter K, Noe A, et al. Effects of aluminum hydroxide
and calcium carbonate antacids on the bioavailability of
ciprofloxacin. Antimicrob Agents Chemother 1992; 36: 830-2

89. Nix D, Watson W, Handy L, et al. The effect of sucralfate pre-
treatment on the pharmacokinetics of ciprofloxacin. Pharma-
cotherapy 1989; 9: 377-380

90. Nix D, Watson W, Lener M, et al. Effects of aluminum and
magnesium antacids and ranitidine on the absorption of
ciprofloxacin. Clin Pharmacol Ther 1989; 46: 700-5

91. Polk R, Healy D, Sahai J, et al. Effect of ferrous sulfate and mul-
tivitamins with zinc on absorption of ciprofloxacin in normal
volunteers. Antimicrob Agents Chemother 1989; 33: 1841-4

92. Kamada A. Possible interaction between ciprofloxacin and war-
farin. Drug Intell Clin Pharm 1990; 24: 27-8

93. Frost R, Carlson J, Dietz A, et al. Ciprofloxacin pharmacoki-
netic after a standard or high-fat/high-calcium breakfast. J
Clin Pharmacol 1989; 29: 953-5

94. Lehto P, Kivisto K, Neuvonen P. The effect of ferrous sulphate
on the absorption of norfloxacin, ciprofloxacin, and ofloxa-
cin. Br J Clin Pharmacol 1994; 37: 82-5

95. Lober S, Ziege S, Rau M, et al. Pharmacokinetics of gatiflox-
acin and interaction with an antacid containing aluminum and
magnesium. Antimicrob Agents Chemother 1999; 43: 1067-71

Newer Fluoroquinolone Antibacterials 185

  Adis International Limited. All rights reserved. Clin Pharmacokinet 2001; 40 (3)



96. Lacreta F, Kaul S, Kollia G, et al. Pharmacokinetics and safety
of gatifloxacin in combination with ferrous sulfate or calcium
carbonate in healthy volunteers. 39th Interscience Conference
on Antimicrobial Agents and Chemotherapy; 1999 Sep 26-29;
San Francisco

97. Niki Y, Hashigushi K, Miyashita N, et al. Effect of AM-1155 on
serum concentrations of theophylline. 36th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy; 1996
Sep 15-18; New Orleans

98. Stahlberg H, Gohler K, Guillame M, et al. Effects of
gatifloxacin on the pharmacokinetics of theophylline in
healthy young volunteers [abstract]. J Antimicrob Chemother
1999; 44 Suppl. A: 136

99. Shiba K, Sakamoto M, Saito A, et al. Effect of ferrous tea and
milk on absorption of AM-1155, a 6-fluoro-oxy quinolone in
humans. 35th Interscience Conference on Antimicrobial
Agents and Chemotherapy; 1995 Sep 17-20; San Francisco

100. Allen A, Bygate E, Faessel H, et.al. The effect of ferrous sul-
phate and sucralfate on the bioavailability of oral gemiflox-
acin in healthy volunteers. 40th International Conference on
Antimicrobial Agents and Chemotherapy; 2000 Sep 17-20;
Toronto

101. Davy M, Allen A, KL R, et al. Lack of effect of gemifloxacin
on the steady-state pharmacokinetics of theophylline in
healthy volunteers. Chemotherapy 1999; 45: 478-84

102. Davy M, Bird N, Rost K, et al. Lack of effect of gemifloxacin
on the steady-state pharmacodynamics of warfarin in healthy
volunteers. Chemotherapy 1999; 45: 491-5

103. Allen A, Bygate E, Clark D, et.al. Effect of calcium carbonate
on the bioavailability of gemifloxacin in healthy volunteers.
40th International Conference of Antimicrobial Agents and
Chemotherapy; 2000 Sep 17-20; Toronto

104. Shiba K, Sakai O, Shimada J, et al. Effect of antacids, ferrous
sulfate, and ranitidine on absorption of DR-3355 in humans.
Antimicrob Agents Chemother 1992; 36: 2270-4

105. Lee L, Hafkin B, Lee I, et al. Effects of food and sucralfate on
a single oral dose of 500mg of levofloxacin in healthy sub-
jects. Antimicrob Agents Chemother 1997; 41: 2196-200

106. Liao S, Palmer M, Fowler C, et al. Absence of an effect of
levofloxacin on warfarin pharmacokinetics and anticoagula-
tion in male volunteers. J Clin Pharmacol 1996; 36: 1072-7

107. Stass H, Kubitza D. Interaction profile of moxifloxacin. Drugs
1999; 58 Suppl. 2: 235-6

108. Stass H, Kubitza D, Schwietert R, et al. BAY-8039 does not
interact with theophylline. 20th International Congress on
Chemotherapy; 1997 Jun 29-Jul 3; Sydney

109. Stass H, Dietrich H, Sachse R, et al. Influence of a four-times
dosing of probenecid on kinetics of BAY 12-8039 after ad-
ministration of a single 400mg dose in healthy male volun-
teers. 37th Interscience Conference of Antimicrobial Agents
and Chemotherapy; 1997 Sep 28-Oct 1; Toronto

110. Stass H, Dalhoff A, Kubitza D, et al. BAY-12-8039: Study on
the food effect after oral administration of 200mg SD to
healthy volunteers. Clin Microbiol Infect 1997; 3 Suppl. 2: 386

111. Stass H, Kubitza D. Study to assess the interaction between
moxifloxacin and dairy products in healthy volunteers. Anti-
Infective Drug Chemother 1998; 16 Suppl. 1: 74

112. Kinzig-Schippers M, Fuhr U, Cesana M, et al. Absence of effect
of rufloxacin on theophylline pharmacokinetics in steady
state. Antimicrob Agents Chemother 1998; 42: 2359-64

113. Mahr G, Seelmann R, Gottschalk B, et al. No effect of
sparfloxacin on the metabolism of theophylline in man. 30th
Interscience Conference on Antimicrobial Agents and Che-
motherapy; 1990 Oct 21-24; Atlanta

114. Takagi K, Yamaki K, Nadai M, et al. Effect of a new quinolone,
sparfloxacin, on the pharmacokinetics of theophylline in asth-
matic patients. Antimicrob Agents Chemother 1991; 35:
1137-41

115. Johnson R, Dorr M, Talbot G, et al. Effect of maalox on the oral
absorption of sparfloxacin. Clin Ther 1998; 20: 1149-58

116. Thebault J, Montay G, Ebmeier M, et al. Effect of food on the
bioavailability of the new quinolone sparfloxacin. 30th Inter-
science Conference on Antimicrobial Agents and Chemother-
apy; 1990 Oct 21-24; Atlanta

117. Zix J, Geerdes-Fenge H, Rau M, et al. Pharmacokinetics of
sparfloxacin and interaction with cisapride and sucralfate.
Antimicrob Agents Chemother 1997; 41: 1668-72

118. Fleming L, Moreland T, Stewart W, et al. Ciprofloxacin and
antacids. Lancet 1986; II: 294

119. Kim M, Nightingale C. Pharmacokinetics and pharmacody-
namics. In: Andriole V, editor. The quinolones. 3rd ed. San
Diego (CA): Academic Press, 2000: 169-202

120. Wingender W, Beermann D, Foster D. Mechanism of renal ex-
cretion of ciprofloxacin, a new quinolone carboxylinic deriv-
ative, in humans. Chemotherapy 1985; 4: 403-4

121. Niki Y, Hashiguchi K, Kimura M, et al. Quinolone antimicrobial
agents and theophylline [letter]. Chest 1992; 101 (3): 881

122. Okimoto N, Niki Y, Soejima R. Effect of levofloxacin on serum
concentration of theophylline. Chemotherapy 1992; 40: 68-74

123. Muller F, Hundt H, Muir A, et al. Study to investigate the influ-
ence of 400mg BAY-8039 given once daily to healthy volun-
teers on PK and PD of warfarin. 38th Interscience Conference
on Antimicrobial Agents and Chemotherapy; 1998 Sep 24-27;
San Diego

124. Blondeau J. Expanded activity and utility of the new
fluoroquinolones: a Review. Clin Ther 1999; 21: 3-40

125. Healy D, Brodbeck M, Clendening C. Ciprofloxacin absorption
is impaired in patients given enteral feedings orally and via
gastrostomy and jejunostomy tubes. Antimicrob Agents
Chemother 1996; 40: 6-10

126. Mueller B, Brierton G, Abel S, et al. Effect of enteral feeding
with ensure on the bioavialabilities of ofloxacin and cipro-
floxacin. Antimicrob Agents Chemother 1994; 38: 2101-5

127. Noer B, Angaran D. The effect of enteral feedings on cipro-
floxacin pharmacokinetics [abstract]. Pharmacotherapy
1990; 10: 254

128. Yuk J, Nightengale C, Sweeney K, et al. Relative bioavailability
in healthy volunteers of ciprofloxacin administered through a
nasogastric tube with and without enteral feeding. Antimicrob
Agents Chemother 1989; 33: 1118-20

129. Drusano G, Weir M, Forrest A, et al. Pharmacokinetics of intra-
venously administered ciprofloxacin in patients with various
degrees of renal function. Antimicrob Agents Chemother
1987; 31: 860-4

130. Boelaert J, Valcke Y, Schurgers M, et al. The pharmacokinetics
of ciprofloxacin in patients with impaired renal function. J
Antimicrob Agents Chemother 1985; 16: 87-93

131. Kawada Y, Kanimoto Y, Takahashi T, et al. Pharmacokinetics of
gatifloxacin (AM-1155) in patients with impaired renal func-
tion [abstract]. Antiinfective Drugs Chemother 1998: 69

132. Allen A, Walls C, Bird N, et. al. Pharmacokinetics of gemi-
floxacin administered to patients with severe renal impairment
and patients on dialysis. European Congress of Chemotherapy;
2000 May 7-10; Madrid

133. Gisclon L, Curtin C, Williams R, et al. The Pharmacokinetics
of levofloxacin in subjects with renal impairment, and in sub-
jects receiving hemodialysis or CAPD. 36th Interscience

186 Aminimanizani et al.

  Adis International Limited. All rights reserved. Clin Pharmacokinet 2001; 40 (3)



Conference on Antimicrobial Agents and Chemotherapy;
1996 Sep 15-18; New Orleans

134. Stass H, Halabi A, Delesen H. No dose adjustment needed for
patients with renal impairment receiveing oral BAY 12-8039.
38th Interscience Conference on Antimicrobial Agents and
Chemotherapy; 1998 Sep 24-27; San Diego

135. Perry G, Mant T, Morrison P, et al. Pharmacokinetics of
rufloxacin in patients with impaired renal function. Anti-
microb Agents Chemother 1993; 37: 637-41

136. Dorr M, Johnson R, Jensen B, et al. Pharmacokinetics of
sparfloxacin in patients with renal impairment. Clin Ther
1999; 21: 1202-15

137. Stahlberg H, Gohler K, Leclerc V, et al. The effect of varying
degrees of renal impairment on the pharmacokinetics and
safety of gatifloxacin [abstract 11]. 39th Interscience Confer-
ence on Antimicrobial Agents and Chemotherapy; 1999 Sep
26-29; San Francisco

138. Stass H, Lettieri J. Pharmacokinetics of moxifloxacin in special
populations. Drugs 1999; 58 Suppl. 2: 233-4

139. Forrest A, Weir M, Plaisance K, et al. Relationships between
renal function and disposition of ciprofloxacin. Antimicrob
Agents Chemother 1988; 32: 1537-40

140. Aoki N, Usuda Y, Koda Y, et al. Clinical pharmacology and
efficacy of sparfloxacin. Chemotherapy (Tokyo) 1991; 39:
261-7

141. Mugnier P, Taburet A, Wyld P, et al. Pharmacokinetics of
sparfloxacin in patients with hepatic failure. 34th Interscience
Conference on Antimicrobial Agents and Chemotherapy;
1994 Oct 4; Orlando

142. Grasela D, Christofalo B, LaCreta F, et al. Single-dose pharma-
cokinetics of oral gatifloxacin in subjects with hepatic impair-
ment. 38th Interscience Conference on Antimicrobial Agents
and Chemotherapy; 1998 Sep 24-27; San Diego

143. Montay G, Bruno R, Vergniol J, et al. Pharmacokinetics of
sparfloxacin after repeated administration in healthy elderly
volunteers. 31st Interscience Conference on Antimicrobial
Agents and Chemotherapy; 1991; Sep 29-Oct 2; Chicago

144. Garrelts J, Jost G, Kowalsky S, et. al. Ciprofloxacin pharmaco-
kinetics in burn patients. Antimicrob Agents Chemother
1996; 40: 1153-9

145. Grasela T, Cirincione B, Christofalo B, et. al. Population phar-
macokinetics of gatifloxacin in adults with acute bacterial
exacerbations of chronic bronchitis. 38th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy; 1998
Sep 24-27; San Diego

146. Hyatt J, McKinnon P, Zimmer G, et al. The importance of phar-
macokinetic/pharmacodynamic surrogate markers to out-
come: focus on antibacterial agents. Clin Pharmacokinet
1995; 28: 143-60

147. Forrest A, Nix D, Ballow C, et al. Pharmacodynamics of intra-
venous ciprofloxacin in seriously ill patients. Antimicrob
Agents Chemother 1993; 37: 1073-81

148. Schentag J. Pharmacokinetic and pharmacodynamic surrogate
markers: studies with fluoroquionolones in patients. Am J
Health-System Pharm 1999; 56: S21-4

149. Thomas J, Forrest A, Bhavnani S, et al. Pharmacodynamic eval-
uation of factors associated with the development of bacterial
resistance in acutely ill patients during therapy. Antimicrob
Agents Chemother 1998; 42: 521-7

150. Ambrose P, Grasela D, Grasela T, et al. Pharmacodynamics of
fluoroquinolones against streptococcus pneumoniae: analysis
of phase III clinical trials. 40th International Conference of
Antimicrobial Agents and Chemotherapy; 2000 Sep 17-20;
Toronto

151. Lacy M, Lu W, Xu X, et. al. Pharmacodynamic comparison of
levofloxacin, Ccprofloxacin, and ampicillin against Strepto-
coccus pneumoniae in an in vitro model of infection. Anti-
microb Agents Chemother 1999; 43: 672-7

152. Preston S, Drusano G, Berman A, et al. Pharmacodynamics of
levofloxacin: a new paradigm for early clinical trials. JAMA
1998; 279: 125-9

153. Ambrose PG, Grasela DM. The use of Monte Carlo simulation
to examine pharmacodynamic variance of drugs: fluoro-
quinolone pharmacodynamics against streptococcus pneu-
moniae. Diagn Microbiol Infect Dis 2000; 38: 151-7

154. Jelliffe R, Schumitzky A, Bayard D, et al. Model-based, goal-
oriented, individualized drug therapy: linkage of population
modelling, new ’multiple model’ dosage design, bayesian
feedback and individualized target goals. Clin Pharmacokinet
1998; 34: 57-77

155. Forrest A, Ballow C, Nix D, et al. Development of a population
pharmacokinetic model and optimal sampling strategies for
intravenous ciprofloxacin. Antimicrob Agents Chemother
1993; 37: 1065-72

Correspondence and offprints: Dr Paul Beringer, School of
Pharmacy, 1985 Zonal Avenue, Los Angeles, CA 90033,
USA.
E-mail: beringer@hsc.usc.edu

Newer Fluoroquinolone Antibacterials 187

  Adis International Limited. All rights reserved. Clin Pharmacokinet 2001; 40 (3)


	Contents 169
	Abstract 169
	1. Single and Multiple Dose Pharmacokinetics 170
	1.1 Absorption 172
	1.2 Distribution 173
	1.2.1 Protein Binding 174

	1.3 Elimination 175

	2. Interactions 177
	2.1 Drug-Drug Interactions 177
	2.2 Drug-Food Interactions 178

	3. Special Populations 178
	3.1 Patients with Renal Impairment 178
	3.2 Patients with Hepatic Disease 179
	3.3 Other Populations 180

	4. Pharmacodynamics 180
	5. Discussion 182
	References 183
	Correspondence and offprints 187
	E-mail 187

