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The pharmacokinetics of gatifloxacin were assessed in serum and in skin blister fluid (SBF), as was the
pharmacodynamic activity in SBF. Five hours after a single dose of gatifloxacin, SBF killed 2.5 logs of
Streptococcus pneumoniae and 1.5 log of Staphylococcus aureus during a 2-h incubation ex vivo.

Gatifloxacin is active against gram-positive and gram-nega-
tive organisms, including anaerobes (5, 17); Mycoplasma, Chla-
mydia, and Legionella (14, 16); and mycobacteria (9). Like
other quinolones, gatifloxacin penetrates well into leukocytes,
which can deliver active drug to sites of infection and play an
important role in the treatment of intracellular pathogens (21).

We analyzed the pharmacokinetic parameters of gatifloxacin
in serum and skin blister fluid (SBF), and the pharmacody-
namic activity in SBF. Time-kill curves were obtained by inoc-
ulation of 3 � 106 CFU/ml for studies with a clinical isolate of
Streptococcus pneumoniae and by inoculation of 1.5 � 106

CFU/ml for studies with a methicillin-susceptible laboratory
strain of Staphylococcus aureus. The MICs and minimal bacte-
ricidal concentrations (MBCs) of gatifloxacin for both test
strains were established by a standard macrodilution assay in
Mueller-Hinton broth (MHB; Becton Dickinson), with a final
inoculum of approximately 5 � 105 CFU/ml and incubated at
37°C for 24 h (12). Gatifloxacin was obtained as crystalline
powder for in vitro testing from Grünenthal GmbH, Aachen,
Germany. For the volunteer study, we used film-coated tablets
containing 400 mg of gatifloxacin as an active ingredient ob-
tained from the same manufacturer.

Approval for this study was obtained from the Ethics Com-
mittee of the University Hospitals. Twenty healthy Caucasian
volunteers participated in the study. All subjects completed the
study, and no adverse events were reported. Skin blisters were
induced by applying eight plasters (1 by 1 cm) impregnated
with 0.2% cantharidin ointment (Adler Pharmacy, Alf an der
Mosel, Germany) to the forearm of each volunteer, as previ-
ously described (7). Fourteen hours later, the plasters were
removed, and SBF was sampled by puncture of the blisters.
The pharmacokinetic parameters were calculated from the se-
rum and SBF samples of all 20 volunteers. The pharmacody-
namic activity of SBF from the first and second groups of 10
subjects was determined against S. pneumoniae and S. aureus,
respectively. One aliquot of the SBF was analyzed without
centrifugation (i.e., containing leukocytes), a second was cen-
trifuged (12,000 � g for 3 min at 4°C) before incubation with

the test strain, and a third was stocked after centrifugation for
the pharmacokinetic measurements.

Eight milliliters of venous blood was collected through an
indwelling catheter for determination of concentrations of
gatifloxacin in serum at the following time points in relation to
the time of drug administration: before (0 h); 15, 30, and 60
min after; and 2, 3, 5, 7, 9, and 24 h after drug intake. Blood
samples were collected in plain tubes (Vacutainers), immedi-
ately cooled on ice, and then centrifuged at 12,000 � g for 3
min at 4°C. SBF samples were collected in Eppendorf tubes for
the determination of gatifloxacin levels at the same time points
as the blood samples, with the exception of the 15- and 30-min
points. Serum and centrifuged SBF samples were stored in
plastic tubes at �20°C until assayed. Gatifloxacin levels in
serum and SBF were determined by a validated agar plate
diffusion microbiological assay with Escherichia coli (V6311/
65) as a test strain (Hoechst Marion Roussel, Frankfurt am
Main, Germany) (19). The standard curve was performed in
Hanks’ balanced salt solution containing 40% of decomple-
mented pooled serum. The curve was linear between 0.08 and
20 �g/ml. The limit of sensitivity of the assay was 0.05 �g/ml in
both serum and SBF. The mean intra- and interassay coeffi-
cients of variation were �5%. By using the same standards for
serum and SBF, this agar plate diffusion assay compares the
unbound fraction of gatifloxacin in both matrices, which is
essential in a pharmacodynamic analysis. Serum and SBF con-
centration-time data were analyzed with TopFit software (18).
The Akaike information criteria were used to discriminate
among candidate models and a two-compartment open distri-
bution model with first-order absorption was selected for the
serum data. SBF concentration-time data were analyzed sep-
arately by a one-compartment distribution model with first-
order absorption. The area under the concentration-time curve
from time zero to 24 h (AUC0-24) was determined by the
log-linear trapezoidal method. The AUC from time zero to
infinity (AUC0-�) was calculated as the integral over the ana-
lytical function that describes the concentration profile. The
apparent terminal elimination rate constant (Ke) was estimated
by curve fitting with use of a nonlinear least-square regression
analysis with reciprocal (1/y) weighting. The degree of pene-
tration into the inflammatory exudate was determined from
the ratio of the AUC0-� of the SBF to that of the serum.
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Apparent oral clearance (CL/F) was determined by dividing
the dose by the AUC0-�. The apparent volume of distribution
(Varea/F) was calculated by dividing the CL/F by Ke.

The phagocytic bactericidal assay was miniaturized to a final
volume of 100 �l, as previously described (7). A medium con-
taining 40% pooled normal human serum, 40% phosphate-
buffered saline, and 20% MHB supported growth without au-
tolysis of S. pneumoniae for at least 6 h. Each test tube
contained 90 �l of medium or SBF and 10 �l of bacterial

inoculum (3 � 105 S. pneumoniae CFU or 1.5 � 105 S. aureus
CFU). At each time point, four different mixtures were incu-
bated in Eppendorf tubes as follows: (i) 90 �l of medium plus
10 �l of bacterial inoculum as growth control; (ii) 90 �l of
medium with twice the MICs of gatifloxacin for S. pneumoniae
and S. aureus (0.5 and 0.25 �g/ml, respectively) plus 10 �l of
bacterial inoculum as drug control; (iii) 90 �l of uncentrifuged
(complete) SBF plus 10 �l of bacterial inoculum as a time-kill
curve with leukocytes; and (iv) 90 �l of centrifuged SBF plus 10

FIG. 1. (A) Median time-kill curves of S. pneumoniae and S. aureus following incubation with centrifuged (Œ) and uncentrifuged SBF (■ )
sampled before drug administration and following incubation with centrifuged (‚) and uncentrifuged SBF (�) sampled 5 h after drug intake. In
addition, kill curves with medium containing twice the MIC of gatifloxacin (E) are shown. Error bars indicate SD. (B) Killing of S. pneumoniae
and S. aureus 2 h after incubation with centrifuged (solid bars) and uncentrifuged (open bars) SBF. Asterisks indicate statistically significant
differences (P � 0.05). Error bars indicate SD.

TABLE 1. Pharmacokinetic parameters of gatifloxacin in serum and SBF samples in 20 healthy volunteers following
administration of a single 400-mg oral dose of gatifloxacina

Sample
type

Cmax
(�g/ml)b Tmax (h)c t1/2 (h)d AUC0–24

(�g � h/ml)
AUC0–�

(�g � h/ml)
Lag time

(h)
CL/F

(ml/min)e
Varea/F
(liter)f

Serum 3.97 � 1.25 1.30 � 0.50 9.41 � 1.85 29.53 � 8.50 35.46 � 9.62 0.37 � 0.21 194.2 � 51.7 141.3 � 46.4
SBF 2.63 � 0.83 4.29 � 2.06 7.84 � 2.46 31.69 � 9.05 37.93 � 10.93 0.80 � 0.36 NAg NAg

a Values are means � SD.
b Cmax, peak concentration of the drug.
c Tmax, time to reach peak concentration of the drug.
d t1/2, elimination half-life.
e CL/F, apparent oral clearance.
f Varea/F, apparent volume of distribution.
g NA, not applicable.
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�l of bacterial inoculum as a time-kill curve without leuko-
cytes. These four mixtures were incubated at a 35° angle on a
rotator (250 rpm) at 37°C. Before and 2 and 6 h after inocu-
lation, tubes were vortexed, and 10-�l aliquots were sampled
for quantitative culture after appropriate dilution in sterile
water. Mean values and standard deviations (SD) are given for
the demographic and pharmacokinetic data. The killing of test
strains in SBF was compared by the Wilcoxon signed-rank test.
P values of �0.05 were considered statistically significant.

The MIC and MBC of gatifloxacin for S. pneumoniae were
0.25 and 0.5 �g/ml, and the MIC and MBC for S. aureus were
0.125 and 0.125 �g/ml, respectively. Twenty healthy subjects
ranging in age from 21 to 50 years were enrolled (mean � SD,
36.4 � 8.7 years). Their weights ranged from 54 to 90 kg (mean
� SD, 73.3 � 10.2 kg), and their heights ranged from 161 to
188 cm (mean � SD, 172 � 9.8 cm). The volume per inflam-
matory blister ranged from 90 to 250 �l. The median number
of leukocytes counted in SBF increased during the experiment
from 2.0 � 106/ml (range, 0.5 � 106 to 17.0 � 106/ml) before
drug intake up to 11.6 � 106/ml (range, 2.3 � 106 to 75.0 �
106/ml) 5 h after drug intake. More than 95% of the cells were
polymorphonuclear leukocytes (PMN). The final cell concen-
tration incubated ex vivo in the phagocytic bactericidal assay
was 90% of that measured in SBF.

The mean pharmacokinetic parameters of unbound gati-
floxacin in serum and in SBF from 20 healthy volunteers after
the administration of a single 400-mg oral dose of gatifloxacin
are summarized in Table 1. In SBF, only 66% of the mean
maximum concentration of drug in serum (Cmax) was reached;
however, the drug penetration into the SBF was 107% � 19%.
The mean elimination half-life (t1/2) was slightly longer in se-
rum than in SBF (9.4 versus 7.8 h). The difference did not
reach statistical significance. Figure 1A shows time-kill studies
of the test strains before and 5 h after intake of a 400-mg tablet
of gatifloxacin. Each point corresponds to the mean value of all
10 volunteers in each study group. Incubation of bacteria with
centrifuged SBF samples (containing no leukocytes), obtained
before drug administration resulted in growth, whereas in un-
centrifuged SBF bacterial counts remained stable. Medium
containing twice the MIC of gatifloxacin showed 0.4- and 1.6-
log killing of S. pneumoniae after 2 and 6 h of incubation,
respectively, and 0.7- and 2.1-log killing of S. aureus after 2 and
6 h of incubation, respectively. Centrifuged SBF drawn 5 h
after drug administration showed 1.4- and 3.8-log killing of S.
pneumoniae and 1.5- and 2.8-log killing of S. aureus after 2 and
6 h of incubation, respectively. Killing of S. pneumoniae but not
of S. aureus was significantly improved in the presence of PMN
(P � 0.05). Figure 1B shows the 2-h killing of test strains by
uncentrifuged and centrifuged SBF harvested at different sam-
pling time points after drug administration. It indicates the
respective role of the antimicrobial drug and the PMN in SBF.
The killing of S. pneumoniae by gatifloxacin was significantly
better in the presence of PMN at each time-point (P � 0.05).
In contrast, the killing of S. aureus by gatifloxacin was im-
proved in the presence of PMN only at early time points.

Our pharmacokinetic results were in good agreement with
those of previous studies (10, 11, 15, 20). The MICs at which
90% of the isolates tested are inhibited (MIC90s) of gatifloxa-
cin for S. pneumoniae (0.5 �g/ml) (6) and methicillin-suscep-
tible S. aureus (0.1 to 0.5 �g/ml) (1) are in the range of those

for our test strains. AUC0-24/MIC ratios of 50 to 125 have been
reported to predict a good outcome with quinolones in animal
models and in humans (3). The AUC0-24/MIC ratios in SBF
were 127 for S. pneumoniae and 254 for S. aureus. The Cmax/
MIC ratios were 10.5 for S. pneumoniae and 21.0 for S. aureus.

Skin blisters induced by cantharidin provoke an exudate.
The percent penetration of gatifloxacin into this inflammatory
fluid was 107% � 19%. This is similar to those of ciprofloxacin
(103%) (2), temafloxacin (105%) (13), sparfloxacin (117%)
(8), and levofloxacin (124%) (19). The fraction of the drug
available for antimicrobial killing is determined by the drug
concentration and protein binding at the site of infection. SBF
contains two-thirds of the serum protein level, with identical
distributions of the different types of proteins (22). Gatifloxa-
cin is only moderately bound by serum proteins (20%) (4).
With the microbiological assay, which is based on the diffusion
principle, only the free drug fraction is measured. Thus, in our
experiments, only the microbiologically active drug fraction is
measured.

In conclusion, we observed a potent bactericidal effect of
gatifloxacin against the test strains investigated and a complete
equilibration of the drug between serum and artificial inflam-
matory exudate. The killing of S. pneumoniae by gatifloxacin
was significantly better in PMN-containing SBF samples than
in centrifuged SBF samples without PMN. In contrast, the
additive effect of PMN with gatifloxacin in the killing of S.
aureus was observed only at the first sampling time point (1 h),
when the phagocytic bactericidal activity was more important
than antibiotic activity.

(These data were presented at the 41th Interscience Con-
ference on Antimicrobial Agents and Chemotherapy, Chicago,
Ill., 16 to 19 December 2001.)
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