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The pharmacokinetics of gatifloxacin (400 mg orally) and the influence of the antacid aluminum magnesium
hydroxide (20 ml of Maalox 70) on the bioavailability of gatifloxacin in 24 healthy volunteers were assessed. In
an open, randomized, six-period crossover study, the volunteers received either gatifloxacin alone (treatments
A and D); aluminum magnesium hydroxide concomitant with gatifloxacin (treatment C); or aluminum mag-
nesium hydroxide 2 h before (treatment B), 2 h after (treatment E), or 4 h after gatifloxacin administration
(treatment F). Gatifloxacin concentrations were measured by a validated bioassay and high-performance liquid
chromatography. Pharmacokinetics of a single 400-mg dose of gatifloxacin alone were characterized as follows
(mean = standard deviation): peak concentration (C,,,,), 3.8 = 0.5 (treatment A) and 3.4 = 0.9 (treatment D)
pg/ml; time to C,,,,, 1.4 = 0.8 (treatment A) and 1.7 = 0.7 (treatment D) h; area under the curve from time
zero to infinity (AUC,_..), 33.5 = 5.9 (treatment A) and 31.4 + 3.4 (treatment D) pg - h/ml; urine recovery,
(83 = 6)% (treatment A) and (84 = 8)% (treatment D). Comparison of the results obtained by bioassay showed
a good correlation. Aluminum magnesium hydroxide administration 2 h before (treatment B) or concomitant
with (treatment C) gatifloxacin decreased the C,,,, by 45% (2.1 * 1.2 pg/ml) or even 68% (1.2 = 0.4 pg/ml)
highly significantly (P < 0.01). AUC,,__. was significantly reduced from 33.5 = 5.9 to 19.4 = 6.9 pg - h/ml (by
42%) or even to 11.9 = 3.3 pg - h/ml (by 64%) (P < 0.01). If aluminum magnesium hydroxide was given 2 h
after gatifloxacin (treatment E), there was no significant reduction of concentration in serum but AUC,_,, was
significantly reduced from 31.4 = 3.4 to 259 = 53 pg - h/ml (18%) (P < 0.01). Aluminum magnesium
hydroxide given 4 h after gatifloxacin (treatment F) showed no influence on the gatifloxacin pharmacokinetics.
Therefore, the optimal time between gatifloxacin application and the intake of an aluminum-containing antacid

should be 4 h.

Gatifloxacin is a new fluoroquinolone with a 3-methylpipera-
zinyl side chain at position 7 and a methoxy group at position
8 of the quinolone ring. Gatifloxacin is available as a racemate
for therapeutic use. Previous studies showed enhanced activity
against gram-positive cocci comparable to those of sparfloxacin
(25) and ciprofloxacin (26). Gatifloxacin was more active than
ciprofloxacin against anaerobic gram-negative bacilli (1, 26)
and Helicobacter pylori and Campylobacter jejuni (1). Prelimi-
nary studies suggested that gatifloxacin showed enhanced
activity against members of the family Enterobacteriaceae in
comparison with ciprofloxacin (25) and sparfloxacin and trova-
floxacin (26). The good antibacterial activity against Strepto-
coccus pneumoniae, Haemophilus influenzae, Mycoplasma
pneumoniae, Legionella pneumophila, and Chlamydia pneu-
moniae will be of clinical interest for the treatment of commu-
nity-acquired respiratory infections, especially of pneumonia.

Our group provided the first report on the interaction of
antacids with quinolones (7); continuing our interest in this
field, we established this study protocol. The main objective
was to evaluate the absorption and disposition of the new
fluoroquinolone gatifloxacin in healthy male volunteers and
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possible interactions with an antacid containing aluminum
(Maalox) obtained at various relative times. Since the forma-
tion of complexes with metal cations through carboxyl and
carbonyl groups of quinolones is an important factor affecting
the absorption of quinolones, the disposition of gatifloxacin
may be affected by these mechanisms. There was an additional
purpose of evaluating whether both bioassay and high-perfor-
mance liquid chromatography (HPLC) would provide the
same exact measurements of gatifloxacin concentrations.

MATERIALS AND METHODS

Volunteers. Twenty-four volunteers completed the study as 12 healthy young
male Caucasians in each of two parts. The age ranged from 20 to 43 years (mean,
28.8 * 5.5 years), the average weight was 78.9 * 9.1 kg, and the average body
surface was 1.99 = 0.1 m> The volunteers were included after physical exami-
nation, electrocardiograms, and laboratory screening including testing for drugs
of abuse, hepatitis and human immunodeficiency virus serology, and hematolog-
ical and biochemical parameters. All volunteers had normal hepatic and renal
functions (mean creatinine clearance of 112.5 = 10.4 ml/min/1.73 m?). Further
inclusion criteria were as follows: no history of gastrointestinal disease or sur-
gery, no medication of any kind within 1 week and no alcohol ingestion within
48 h of study initiation, no allergy or intolerance to any drugs (especially to
quinolones), no blood donation, and no participation in a clinical trial within 60
days of the study. After approval by the local ethics committee according to
German law, informed written consent was obtained from all subjects.

Study design. This was an open, randomized, single-oral-dose design. Accord-
ing to the six-period crossover parts with a 1-week washout period, each volun-
teer received the following drug combination of part 1 or part 2 in a random
order: 400 mg orally of gatifloxacin alone (treatment A), two aluminum magne-
sium hydroxide (Maalox 70) flasks (each flask was 10 ml) 2 h before 400 mg of
gatifloxacin (treatment B), two aluminum magnesium hydroxide flasks concom-
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FIG. 1. Comparison of bioassay and HPLC for serum-plasma and urine data for gatifloxacin (400-mg dose). O, plasma; [J, urine; ——, regression line according
to model; — — - — — , 95% confidence limit; . . .... s Coioassay = CupLc-

itant with 400 mg of gatifloxacin (treatment C), 400 mg of gatifloxacin alone
(treatment D), two aluminum magnesium hydroxide flasks 2 h after 400 mg of
gatifloxacin (treatment E), or two aluminum magnesium hydroxide flasks 4 h
after 400 mg of gatifloxacin (treatment F).

Gatifloxacin (catalog no. 0037942, AM-1155; Griinenthal GmbH, Aachen,
Germany) was given after 10-h overnight fasting with 240 ml of tap water. Each
aluminum magnesium hydroxide single-use flask (catalog no. 75271; Rhone-
Poulenc Rorer/Nattermann, Antony Cedex, France) containing 600 mg of mag-
nesium hydroxide and 900 mg of aluminum oxide was rinsed with 10 ml of tap
water. The fasting state (solid food) was maintained 4 h after the gatifloxacin
dose, except for treatment F (6 h). Subjects abstained from caffeine and alcohol
for 48 h after gatifloxacin administration.

Sampling. Each blood sample consisted of 4 ml for treatments A to F for the
HPLC and an additional 5 ml for treatments A and D for the bioassay method.
The blood samples were taken through an indwelling cannula predose and 15, 30,

and 45 min and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, and 36 h after gatifloxacin
administration on each profiling day. Immediately after collection of the blood
samples for plasma in heparinized polypropylene tubes, they were placed in
chipped ice, and the blood samples for serum in polypropylene tubes were stored
for 15 min at room temperature. All samples were centrifuged for 15 min at
1,000 X g and 4°C to separate the plasma or serum and afterwards shock frozen
below —20°C. All volunteers started with empty bladders after providing the last
urine sample. The urine samples were collected at 0 to 4, 4 to 8, 8 to 12, 12 to 24,
24 to 36, and 36 to 48 h after dosing with gatifloxacin. Two 5-ml aliquots for
treatments A to F and an additional 5 ml for treatments A and D were trans-
ferred into sterile tubes and immediately shock frozen (below —20°C). All spec-
imens were protected against light during processing and storage.

Bioassay method. The bioassay method was based on an agar plate diffusion
technique previously described in detail by Reeves and Bywater (20). This
method was used to determine gatifloxacin levels of treatments A and D (gati-

TABLE 1. Pharmacokinetic parameters of gatifloxacin (400 mg orally) for different treatments determined by HPLC*

Total urinary

Treatment Cinax T Tiog Half-life MRT AUC,_. (pg* ecove Renal clearance Vss
rea (ng/ml/70 kg) (h) (h (h) (h) h/ml/70 kg) recovery (ml/min/1.73 m?)  (liters/70 kg)
(% of dose)

1A 3.8 0.5 1408 023002 86*x14 113*x19 33559 82.5 £ 6.0 164 + 37 121 = 13.4

1B 21+1.2° 1.8+10 022*+003 84=*+19 120=*=3.1 19.4 = 6.9” 532 +19° 176 = 30 260 *+ 158°

1C 12 +04° 1.6 0.7 020006 95=*x20 13.2=*3.0° 11.9 = 3.3% 35.9 = 10° 195 = 30¢ 421 + 156°
2D 34+09 1.7£07 023002 75*x12 103*14 314 £3.4 842 £ 7.7 165 = 20 115 = 17
2E 33+x14 1.5+11 022*+003 70=*x12 9.8+ 1.3 259 x 530 73.1 £ 11¢ 175 = 17 139 + 470
2F 35+ 1.1 1.6 10 021007 70x09 100=*=13 31.3£4.0 79.8 £5.2 157 = 14 111 =12

“ Treatment groups were as follows: 1A, gatifloxacin alone; 1B, aluminum magnesium hydroxide 2 h before gatifloxacin; 1C, aluminum magnesium hydroxide
concomitant with gatifloxacin; 2D, gatifloxacin alone; 2E, aluminum magnesium hydroxide 2 h after gatifloxacin; 2E, aluminum magnesium hydroxide 4 h after
gatifloxacin. Values are means * standard deviations. MRT, mean residence time; 7,,, time between drug administration and beginning of absorption.

b P < 0.01 versus gatifloxacin alone.
¢ P < 0.05 versus gatifloxacin alone.
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FIG. 2. Gatifloxacin (400 mg) plasma concentration-time curves and urinary recovery levels for treatments A to C (group 1) determined by HPLC. O, group 1,
treatment A, gatifloxacin alone; m, group 1, treatment B, gatifloxacin and two aluminum magnesium hydroxide single-use flasks 2 h before gatifloxacin; #, group 1,
treatment C, gatifloxacin concomitantly with two aluminum magnesium hydroxide single-use flasks.

floxacin, 400 mg alone) in serum and urine samples. Serum samples were assayed
against standards prepared in activity-free pooled human serum. Phosphate
buffer (pH 7.2) was used for the predilution of urine and urine standards. On
each agar plate, four serum or urine samples, one control sample, and five
standard samples were tested in triplicate. After prediffusion for 30 min at room
temperature, the agar plates were incubated for 18 h at 30°C. The test strain was
Escherichia coli (ATCC 25922), and Iso-Sensitest agar (Unipath CM471, pH 7.4;
catalog no. 60043) was used. The lower limits of detection were determined to be
0.12 pg/ml in both urine and serum. The coefficient of variation, determined on
three different days between concentrations of 0.16 and 5 pg/ml, was 4.2% for
serum and 4.9% for urine.

HPLC. The concentration of gatifloxacin in plasma and urine samples was
determined by HPLC validated and described as a standard operating procedure
at Cephac Bioanalytical Research Centre in Saint-Benoit, France (3). It involved
a liquid-liquid extraction of gatifloxacin and of an internal standard at pH 6.8
followed by back-extraction in 1 N hydrochloric acid. The extract was then
chromatographed and analyzed by fluorimetric detection. Concentrations versus
peak area curves were linear in the following ranges: 0.01 to 10 pg/ml for plasma
and 0.1 to 50 pg/ml for urine. The lower limit of quantification was 0.01 wg/ml in
plasma and 0.1 wg/ml in urine. Precision within series was 7.9% in plasma
(concentration, 0.01 wg/ml) and 11.7% in urine (concentration, 0.1 pg/ml). Pre-
cision between series (coefficient of variation) was 10.8 to 5.6% in plasma (con-
centration range, 0.04 to 8.0 pg/ml) and 13.4 to 6.1% in urine (concentration
range, 0.15 to 45 pg/ml). The mean accuracy from plasma was 102.9%; that from
urine was 102.0%.

Pharmacokinetic analysis. The estimation of peak concentration (C,,,,,), time
of peak concentration (7,,,), terminal half-life, the area under the curve from
time zero to infinity (AUC,,_..), absorption rate constant, elimination rate con-
stant, and the time between drug administration and the beginning of absorption
were based on an open two-compartment model. The choice of the particular
model was based on the Schwarz criterion (6, 9, 22). All other parameters were
analyzed noncompartmentally (total area under the data [AUD,,,], volume of
distribution at steady state [Vgg], and mean residence time). The AUD,,, was
calculated by the trapezoidal rule. Dose-dependent parameters (AUD,,,,
AUC,_.., and C,,,,) were based on a dose per 70 kg of body weight. The renal

clearance was calculated by total clearance X total (extrapolated) urinary recov-
ery. The computer programs used were Microsoft Excel and REVOL as de-
scribed by Koeppe and Hamann (10).

Statistical analysis. Differences in the pharmacokinetic parameters between
the groups were identified by ¢ test. The Wilcoxon test (matched-pairs signed
rank test) for HPLC and the Whitney test (U test for two independent samples)
for the comparison of bioassay and HPLC were also used. All groups were
compared by analysis of variance by the Student-Newman-Keuls procedure for
multiple comparisons of sample means. A P value of <0.05 was considered
significant (17, 21).

RESULTS

Comparison of analysis methods. The correlation between
the results of bioassay and those of HPLC was good. The
regression lines of plasma or even serum concentration are
very similar in both study groups, but urine values for the
bioassay were slightly higher than those for HPLC. The bioas-
say values for serum were slightly lower than those with HPLC
(Fig. 1). The bioassay values for urine were 16% (mean value)
higher than those for HPLC, but the standard deviation was
higher (£26%) and therefore the ratio = 1 (ideal) was be-
tween the 95% confidence intervals. The coefficient of corre-
lation (r) was 0.99 for plasma and serum and 0.97 for urine.

Pharmacokinetics of gatifloxacin. The pharmacokinetic data
for gatifloxacin measured by HPLC are listed in Table 1. Gati-
floxacin absorption reached a maximal concentration (C,,,,) of
3.8 = 0.5 pg/ml after 1.4 = 0.8 h (7,,,,) in group 1A. In the
second group, the C,,, was slightly lower, at 3.4 = 0.9 pg/ml
after 1.7 = 0.7 h (T 2D). The area under the curve
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FIG. 3. Gatifloxacin (400 mg) plasma concentration-time curves and urinary recovery levels for treatments D to F (group 2) determined by HPLC. O, group 2,
treatment D, gatifloxacin alone; m, group 2, treatment E, gatifloxacin and two aluminum magnesium hydroxide single-use flasks 2 h after gatifloxacin; ®, group 2,
treatment F, gatifloxacin and two aluminum magnesium hydroxide single-use flasks 4 h after gatifloxacin.

(AUC,_.,) for gatifloxacin alone was 33.5 *= 5.9 pg - h/ml
(group 1A) and 31.4 * 3.4 pg - h/ml (group 2D). The Vg for
group 1A was 121 = 13 liters/70 kg. Group 2D showed a Vg of
115 = 17 liters/70 kg. As measured by HPLC, (82.5 = 6)%
(group 1A) of the administered dose was recovered from urine
as unchanged gatifloxacin. The total urinary recovery of the
second group was very similar.

Interactions of aluminum magnesium hydroxide with gati-
floxacin. Drug concentrations and pharmacokinetic results in
all figures and the table are given on the basis of HPLC (Fig.
2 and Table 1). Aluminum magnesium hydroxide administra-
tion 2 h before gatifloxacin significantly decreased C,,,, from
3.8 £ 05t0 2.1 = 1.2 pg/ml (45%) and AUC,_., from 33.5 =
59 to 19.4 = 6.9 pg - h/ml (42%) (P < 0.01). Concomitant
administration of gatifloxacin and aluminum magnesium hy-
droxide reduced the C,,, highly significantly from 3.8 = 0.5 to
1.2 = 0.4 pg/ml (68%) and the AUC,_., from 33.5 = 5.9 to
11.9 = 3.3 pg - h/ml (64%) (P < 0.01). The terminal half-life
and 7, were not altered.

If aluminum magnesium hydroxide was given 2 h after gati-
floxacin, there was no significant reduction of concentration in
serum, but AUC,,_., was significantly reduced from 31.4 + 3.4
to 25.9 = 5.3 pg - h/ml (18%) (P < 0.01). Aluminum magne-
sium hydroxide given 4 h after gatifloxacin showed no change
in the bioavailability of the fluoroquinolone (Fig. 3).

Safety and tolerance. The overall tolerance of gatifloxacin
was good. None of the volunteers had to be withdrawn from
the study. Most of the adverse effects were of a mild intensity;
none of them were severe. The relation of the listed adverse

events to the study drugs was mostly probable. One volunteer
suffered from nausea with sweating and pale skin 30 min after
aluminum magnesium hydroxide administration, which could
be related to this drug. With one exception, all symptoms
improved spontaneously. One case of balanitis caused by Can-
dida spp. was successfully treated topically with 100,000 IU of
nystatin for 7 days. One volunteer had a slightly increased
alanine aminotransferase (ALT) level of 36 Ulliter and an
amylase level of 138 U/liter with no clinical relevance.

DISCUSSION

The pharmacokinetic profile of gatifloxacin found in the
present study is similar to that described previously in a single-
dose study (13). Gatifloxacin was rapidly absorbed in 1.3 to
1.8 h (T,.y), and the T, comparable to those of ciprofloxacin
(1.1 h) and ofloxacin (1.4 h), the most commonly used quino-
lones (2). The C,,,, in serum were achieved later by other
newer fluoroquinolones, like trovafloxacin at 2.4 h (23) and
sparfloxacin at 4.1 h (28). The C,,,,, of gatifloxacin (3.2 to 3.8
pg/ml) is similar to those of other quinolones, such as ofloxacin
(4.0 pg/ml for 400 mg) and trovafloxacin (2.8 wg/ml for 300
mg), whereas the C,,,,, of ciprofloxacin (1.5 pg/ml for 400 mg)
and sparfloxacin (1.3 pg/ml for 400 mg) are lower (2, 23, 28).

With regard to the relatively long terminal half-life of gati-
floxacin (7.5 to 8.6 h), it is anticipated that a once-daily appli-
cation will show sufficient clinical efficacy and patient compli-
ance. The extensive urinary recovery of unchanged drug
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suggested that this drug was well absorbed from the gastroin-
testinal tract.

HPLC and bioassay methods were well comparable. The
differences between the HPLC and bioassay measurements of
urine could well reflect a bioactive metabolite. This is not
known yet and would suggest further investigations.

Various studies have shown that aluminum-magnesium-con-
taining antacids reduce the absorption of fluoroquinolone an-
tibiotics (5, 7, 8, 15, 22, 27). The results of the present study are
in line with these findings and demonstrate a significant reduc-
tion in the gastrointestinal absorption of gatifloxacin as well.
The relative bioavailability was decreased by 64, 42, and even
18% when aluminum magnesium hydroxide was given concom-
itantly, 2 h before, or 2 h after gatifloxacin intake. Yamanaka-
Yuen and Gantu (27) showed a reduction of bioavailability of
norfloxacin by 2 and 77%, if aluminum magnesium hydroxide
was given 5 min before or 2 h after norfloxacin. Lazzaroni et al.
(11) described the interaction between rufloxacin and alumi-
num magnesium hydroxide. They found a substantial decrease
of the relative bioavailability by 36% after administration of
the antacid within 5 min before the intake of rufloxacin (11). In
a previous study involving trovafloxacin (23), the AUC values
were significantly decreased, by 66 and 28%, when administra-
tion of aluminum magnesium hydroxide was 30 min before or
2 h after trovafloxacin. Other authors observed interactions
between ciprofloxacin and ofloxacin and the antacid (12, 15).
Nix (15) showed a reduction of the ciprofloxacin absorption by
85% if aluminum magnesium hydroxide was given 5 or 10 min
before ciprofloxacin. If the antacid was administered 2 or 4 h
before the antibiotic agent, there was a reduction by 77 or 30%,
respectively, of the bioavailability. The principal mechanism of
the interaction between antacids containing polyvalent cations
and fluoroquinolones is thought to be chelation of the antibi-
otic by the ions (8, 12, 15, 19). Aluminum, in particular, forms
a very stable complex with quinolones, which are not easily
soluble (24). Clinical significance was documented by Noyes
and Polk (16), who reported one failure of norfloxacin treat-
ment resulting from concomitant treatment with an aluminum-
and magnesium-containing antacid suspension. Preheim et al.
(18) suggested that antacids may interfere with the efficacy of
ciprofloxacin, particularly in patients infected with Pseudomo-
nas aeruginosa. The dose of magnesium-aluminum hydroxide
in our study was a standard therapeutic dose, but the single-
dose design used in the present study does not apply to real
clinical situations with multiple doses of antacid. However, our
results showed interaction problems of clinical relevance.

The applied dose of gatifloxacin was well tolerated in
healthy volunteers. Vital signs, electrocardiograms, hematol-
ogy, and urinalysis showed no change attributable to the trial
medication. None of the subjects had to be withdrawn from the
study. One volunteer had transient slightly increased ALT and
amylase levels with no clinical relevance. Nakashima et al. also
(13) described one volunteer with a transitory elevation of
ALT.

In conclusion, the results of the present study indicate that
the optimal time between gatifloxacin administration and the
intake of an aluminum-containing antacid should be 4 h to
avoid substantial interaction.
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