ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 1999, p. 1508-1510

0066-4804/99/$04.00+0

Vol. 43, No. 6

Copyright © 1999, American Society for Microbiology. All Rights Reserved.

Pharmacokinetics and Inflammatory-Fluid Penetration of
Moxifloxacin following Oral or Intravenous Administration

RICHARD WISE,* JENNIFER M. ANDREWS, GILL MARSHALL, ano GILES HARTMAN
Department of Medical Microbiology, City Hospital NHS Trust, Birmingham, United Kingdom

Received 6 November 1998/Returned for modification 24 February 1999/Accepted 26 March 1999

A single 400-mg oral or intravenous (i.v.) dose of moxifloxacin was given to each of eight healthy male
volunteers, and 6 weeks later the dose was administered by the other route. The concentrations of the drug in
plasma, cantharidin-induced inflammatory fluid, and urine were measured over the subsequent 24 h. The mean
maximum concentrations observed in plasma were 4.98 pg/ml after oral dosing and 5.09 j.g/ml after i.v. dosing.
The mean maximum concentrations attained in the inflammatory fluid were 2.62 and 3.23 pg/ml, respectively.
The mean elimination half-lives from plasma were 8.32 and 8.17 h, respectively. The overall penetration into
the inflammatory fluid was 103.4 and 104.2%. Over 24 h 15% of the drug was recovered in the urine when

administered by either route.

Moxifloxacin (Bay 12-8039) is a methoxy fluoroquinolone
which shows enhanced activity against gram-positive bacterial
pathogens in particular Streptococcus pneumoniae strains, in-
cluding those resistant to penicillin (2, 8). Preliminary infor-
mation suggests that moxifloxacin has an elimination half-life
(t,,») appropriate to once-daily dosing (5, 6). In this crossover
study, the pharmacokinetics and penetration of moxifloxacin
into an inflammatory exudate (7) were examined following a
single 400-mg dose given by the oral or intravenous (i.v.) route.

Eight healthy male volunteers between the ages of 26 and 41
years (mean age, 33.5 years; mean height, 175 cm; mean
weight, 72 kg) were enrolled. They had no history of serious
illness, atopy, alcohol or drug abuse, or an acute illness in the
14 days prior to the start of the study. They had not received
any prescribed or over-the-counter medication in the 14 days
prior to the first dose of moxifloxacin.

Approval for this study was granted by the Hospital Ethical
Committee of City Hospital Trust and all volunteers gave writ-
ten informed consent. All volunteers underwent a full history
and examination, including echocardiogram (ECG), and were
shown to have normal hematological and biochemical profiles
and normal urinalysis.

Each volunteer received 400 mg of oral or i.v. moxifloxacin
(administered over 1 h) in a random order and 6 weeks later
(to allow blister healing) received the agent by the other route.

On the evening prior to the study 0.2% cantharidin-impreg-
nated plasters (2 by 1 cm) were attached to the subjects’ fore-
arms to induce blister formation. Plasma samples were ob-
tained from the contralateral arm following insertion of an i.v.
catheter kept patent by flushing with 0.9% saline (Antigen
Pharmaceuticals, Rosecrea, Ireland).

The dose was given to the fasting subjects by either route
with 200 ml of water. The subjects then fasted for a further 4 h
except for water ad libitum. About 10 ml of venous blood was
collected predose and then at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, and
24 h postdose.

Between 50 and 100 pl of inflammatory fluid was aspirated
with a fine needle prior to administration of the dose and then
at 1, 2, 3, 4, 6, 8, 12, and 24 h. The blister was resealed with a
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plastic spray dressing (Opsite, Smith & Nephew, Hill, En-
gland). Urine was collected 0 to 4,4 to 8,8 to 12, and 12to 24 h
postdose. At 30 h postdose the routine hematological and
biochemical tests were repeated. Prior to the study a cross-
validation procedure was undertaken by Bayer AG (Lever-
kusen, Germany). Spiked samples were assayed by the micro-
biological procedure described below and a high-performance
liquid chromatography method (5). Linear regression analysis
comparison of the two methods gave a correlation coefficient r
of 0.988.

Drug analysis. All samples were analyzed within 1 h of
collection. Concentrations of moxifloxacin in plasma, inflam-
matory fluid, and urine were measured by a microbiological
assay. Assay plates containing Iso-Sensitest agar (Oxoid, Bas-
ingstoke, England) were flooded with a suspension of Esche-
richia coli 4004 (Bayer AG) in order to give nonconfluent
growth. The calibrator range was 0.04 to 1.5 wg/ml. Internal
controls and quality assurance samples were prepared in hu-
man plasma (Bradsure Biologicals, Market Harborough, En-
gland) or in 70% human plasma (to simulate the protein con-
tent of the blister fluid) and phosphate buffer (pH 7) for the
assay of moxifloxacin in plasma inflammatory exudate and
urine, respectively.

The lower limit of detection was 0.02 pg/ml. The coefficient
of variation within the assays was 8.0%. Quality control sam-
ples were included; the mean + 2 standard deviations for these
samples was 14.8%.

Standard noncompartmental analysis was used to determine
the pharmacokinetic parameters. The maximum concentration
of moxifloxacin in plasma (C,,,), the time to C,,,, (Tinay), the
area under the plasma or skin blister fluid curve up to the last
measurable concentration (AUC,,), the area under the
plasma or skin blister fluid curve extrapolated to infinity
(AUC,_..), and the ¢, in plasma or skin blister fluid were calcu-
lated by the noncompartmental model 200 of PCNONLIN (ver-
sion 4.2a; Scientific Consulting Inc., Apex, N.C.).

The mean concentration found in plasma and inflammatory
fluid are shown in Fig. 1 and 2; the derived pharmacokinetic
parameters are summarized in Table 1. The data was collected
for seven of the eight volunteers because one volunteer had an
adverse event that required withdrawal from the study (see
below).

The mean C,,,.s of moxifloxacin were remarkably similar,
being 4.98 and 5.09 wg/ml following oral and i.v. administra-
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FIG. 1. Drug concentrations in plasma and blister fluid following oral administration of 400 mg of moxifloxacin.

tion, respectively. The time at which the C,,,,, occurred was 1 h
after oral administration and at the end of the infusion follow-
ing i.v. administration. The mean terminal ¢,,,s from plasma
were also similar, being 8.32 and 8.17 h after oral and i.v.
dosing, respectively. The AUC,,, and AUC,_., for both routes
of administration were remarkably similar; hence, the extent of
bioavailability of the oral formulation is approximately 100%.

Moxifloxacin penetrated into the inflammatory fluid rapidly,
with the mean 7, ,, following oral administration being 3.86 h
and that following i.v. administration being 2.4 h. Individual
variation was greater after the former mode of administration.
The mean C,,, following the oral dose was 2.62 pg/ml, and

max

that following the i.v. dose was 3.23 pug/ml, but the ranges were
similar.

The t,,,s for moxifloxacin from the inflammatory exudate
were slightly greater than those from plasma, being a mean of
10.0 and 9.54 h following oral and i.v. administration, respec-
tively. The percentage penetration of moxifloxacin into inflam-
matory fluid, calculated by comparing the AUC,,_.. for mea-
surements taken in the inflammatory exudate with that for
measurements taken in plasma, were 103.4% after oral admin-
istration and 104.2% after i.v. administration, and the ranges of
these data were similar. The degree of penetration was greater
than that which we reported for trovafloxacin (64% after oral
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FIG. 2. Drug concentrations in plasma and blister fluid following i.v. administration of 400 mg of moxifloxacin.
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TABLE 1. Pharmacokinetic parameters of moxifloxacin in seven healthy volunteers following a single 400-mg dose
Pharmacokinetics in plasma Pharmacokinetics in blister fluid
Administration
route and value Crnax Toux  lip AUC AUC, .. Urine elimination Crnax Tnax L AUC 4 AUC,_.  Penetration
(ng/ml) — (h) () (ng-h/ml)  (ng-h/ml) (% of dose) (hg/ml) — (h) () (pg-h/ml)  (ng-h/ml) (%)

Oral
Mean 4.98 1.0 8.32 39.0 45.49 15.10 262 386 100 32.55 40.32 83.5
SD 1.01 0.91 1.70 2.16 4.68 3.61 0.88 234 444 5.95 10.04 14.9
Minimum 388 05 7.05 36.42 39.41 10.2 1.41 2.0 5.46 24.3 28.91 60.5
Maximum 6.76 3.0 109 42.84 50.58 19.9 384 8.0 1747 41.15 54.80 103.4

Intravenous
Mean 5.09 8.17 39.13 45.34 15.2 3.23 243 954 36.33 42.74 93.7
SD 1.11 1.58 5.80 8.0 3.40 0.43 113 1.33 39 5.31 8.3
Minimum 3.88 6.65 28.89 32.17 8.1 2.72 1.0 7.70 30.11 36015 81.3
Maximum 6.80 11.26 45.23 54.26 20.0 382 4.0 1154 43.28 49.94 104.2

administration) (7) and similar to that of ciprofloxacin
(102.8%) (1). This may be related to the higher protein binding
of trovafloxacin (87.9%) (7) in comparison to that of moxi-
floxacin (48%) (5).

The mean urinary elimination of the drug in the 48 h fol-
lowing the oral dose was 15.1%, remarkably similar to that
after i.v. administration, 15.2%. The mean total clearance was
147.8 ml/min after oral dosing and 151.5 ml/min after i.v. dos-
ing, with mean renal clearances of 22.3 and 23.0 ml/min, re-
spectively. The mean urinary concentrations following the oral
and i.v. doses, respectively, were 55.1 and 127 pg/ml at 8 h, 69.4
and 71.5 pg/ml at 12 h, and 38.1 and 38.2 pg/ml at 24 h.
Statistical analysis (by paired ¢ test) of the individual C,,, /5,
and AUC values for plasma revealed no significant differences
(P > 0.05) between oral and i.v. administration. The C,,, in
blister fluid was lower than that in plasma (P < 0.01). The ¢,,
in blister fluid was significantly greater than that in plasma
(P = 0.004).

One volunteer, scheduled to receive his first dose by the LV.
route experienced severe phlebitis at the site of i.v. adminis-
tration following 30 ml of drug infusion. At the same time, a
maculopapular rash developed over the volunteer’s trunk and
arms. Vital signs showed a tachycardia but no bronchospasms.
An ECG was immediately performed; the corrected cardiac
interval was not prolonged; 100 mg of hydrocortisone was
administered i.v., and the phlebitis and rash disappeared within
35 min. This volunteer who had a hypersensitivity reaction
typical of those reported for this group of drugs (4) was with-
drawn from the study and hence did not receive the second
dose by the oral route. Five volunteers experienced headaches
4 to 12 h postdose, all resolving spontaneously (for four of five
volunteers) or following administration of 1 g of paracetamol
(for one of five volunteers). Physical examination revealed no
abnormalities attributable to moxifloxacin administration. The
biochemical, hematological, and ECG parameters studied re-
vealed no abnormalities.

There is limited published information on the pharmacoki-
netics of moxifloxacin (5, 6). Our results are in good agreement
with these earlier findings in terms of the AUC data. We noted
the C,,., to be greater at doses of about 5 pg/ml (when given
by either route), while the earlier reports found the value to be
2.5 to 3.0 pg/ml when given by mouth. The two earlier reports
also suggested a longer ¢, , from plasma at 11 to 14 h (depend-
ing on whether two-compartment or noncompartmental anal-

ysis, respectively, was performed). Our data suggest a lower
value of ca. 8 h.

Moxifloxacin appears to penetrate rapidly and completely
into the inflammatory exudate. The MIC of moxifloxacin at
which 90% of the common respiratory tract pathogens (such as
S. pneumoniae, Moraxella catarrhalis, and Haemophilus influ-
enzae) are inhibited is =0.25 wg/ml. This concentration is ex-
ceeded in both plasma and inflammatory fluid for at least 24 h.
In addition, an AUC-to-MIC ratio (AUIC) of >125 is deemed
to predict efficacy; in selected respiratory tract infections (3),
the AUIC of moxifloxacin for these pathogens is ca. 180. Both
these facts suggest that moxifloxacin in a dose of 400 mg per
day, given either orally or by i.v. administration, should be
efficacious in the treatment of respiratory and other infections
caused by susceptible pathogens. The high bioavailability and
great similarity of pharmacokinetics following either route of
administration suggest that a switch from i.v. to oral use should
be straightforward.
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