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The purpose of this study was to investigate the effect of norfloxacin on theophyiline elimination. Ten normal
volunteers were studied. In a randomized crossover sequence, each subject received 6 mg of aminophyiline per
kg of body weight by a 30-min intravenous infusion on day 4 of taking norfloxacin (400 mg every 12 h) or while
drug free. Mean theophylline clearance decreased and mean elimination half-life increased after norfloxacin
administration (from 0.036 ± 0.006 to 0.033 + 0.004 liter/h per kg and from 8.7 + 1.2 to 9.5 + 1.5 h,
respectively; P < 0.05, Wilcoxon signed-ranks test). We conclude that norfloxacin taken in recommended doses
for 3 days has a small inhibitory effect on theophylline metabolism that would probably not cause clinically
important elevations in theophylline concentrations in most patients.

Norfloxacin is a new quinolone antimicrobial agent re-
cently approved for clinical use by the Food and Drug
Administration. Coadministration of theophylline with three
structurally related compounds, enoxacin, pefloxacin, and
ciprofloxacin, has been reported to increase theophylline
concentrations and cause toxicity (2, 8, 11, 13-16); coadmin-
istration with nalidixic acid, another quinolone, does not
(16). Ofloxacin has been reported to decrease or have no
effect on theophylline clearance (3, 5, 16). It has been
postulated that the 4-oxoquinolone metabolites rather than
the parent drug cause the drug interaction (6, 16). Norflox-
acin is metabolized to such a compound (17). We therefore
sought to determine the effect of norfloxacin on theophylline
pharmacokinetics.
The purposes of this study were to (i) investigate the effect

of norfloxacin on theophylline clearance and (ii) determine if
any specific metabolic pathway is affected.

MATERIALS AND METHODS
Study population. Ten healthy, nonsmoking adults (four

females and six males, ages 22 to 38) participated in the
study, which was approved by the Human Research Review
Committee at our institution. All subjects had normal results
for physical examinations, urinalysis, and hematologic and
biochemical studies. All subjects were within 10% of their
ideal body weight (range, 54 to 89 kg).
Drug administration. In a randomized, crossover se-

quence, subjects were administered 6 mg of aminophylline
per kg ofbody weight by intravenous infusion over 30 min on
day 4 of taking norfloxacin (400 mg every 12 h) or while drug
free. The study periods were separated by 1 week. Subjects
abstained from alcohol, foods known to induce drug metab-
olism, and other drugs for at least 72 h prior to receiving any
study drug. Subjects also abstained from caffeine for at least
48 h prior to receiving aminophylline.
Sample collection. Blood was taken from an indwelling

cannula immediately before and 0, 0.25, 0.5, 0.75, 1, 1.5, 2,
3, 4, 6, 8, 12, and 24 h after the aminophylline infusion. The
blood was allowed to clot at room temperature, the samples
were centrifuged at 800 x g, and the serum was collected.
Urine was collected 0 to 24 h after aminophylline adminis-
tration.
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Serum assays. Serum samples were analyzed for theophyl-
line concentrations by a previously described high-perfor-
mance liquid chromatographic method with ,-hydroxyethyl
theophylline as an internal standard (7). The interday coef-
ficient of variation for spiked serum standards was 5% for 10
,g/ml and 5.6% for 2.5 ,ug/ml.
Urine assays. Urine samples were analyzed for theophyl-

line and theophylline metabolites by high-performance liquid
chromatography as follows. For extraction, 0.2 ml of urine
was mixed with 1.0 ml of 0.01 M sodium acetate, pH 4.0,
containing P-hydroxyethyl theophylline as an internal stan-
dard. This mixture was applied to a solid-phase extraction
column (LC-18; Supelco, Inc.) that had been washed twice
with 1 ml of methanol and 1 ml of sodium acetate. The
adsorbed drugs were washed with 1 ml of sodium acetate and
eluted with two 0.5-ml washes of methanol. The methanol
was evaporated, and the residue was reconstituted with 0.2
ml of sodium acetate. Recovery was 90% for all drugs except
3-methyluric acid and 1-methyluric acid, for which recovery
averaged 40%.
For separation, the reconstituted residue was injected

onto a 3-,um APEX II octadecyl column (250 by 4.6 mm;
Jones Chromatography). The mobile phase consisted of a
gradient mixture of two solutions: solution A, containing
0.2% tetrahydrofuran in 0.01 M sodium acetate (pH 4.0), and
solution B, containing 0.01 M sodium acetate (pH 4.0),
methanol, and tetrahydrofuran at a ratio of 73.5:25:1.5,
respectively. A linear gradient was initiated with 100%
solution A-0% solution B, changing to 15% A-85% B at 25
min. Five minutes was allowed for reequilibration. The
column was maintained at 50°C, the flow rate was 0.8
ml/min, and the effluent was monitored at 273 nm. The
detection limit was 1 ,g/ml, with an upper limit of linearity of
100 ,ug/ml. The between-run coefficients of variation for
theophylline, 1,3-dimethyluric acid, 1-methyluric acid, and
3-methylxanthine were 2.5, 9.2, 6.1, and 8.9%, respectively,
at 10 jig/ml and 4.1, 5.4, 8.9, and 5.1%, respectively, at 50
jig/ml.
Pharmacokinetic analysis. Data were analyzed by model-

independent pharmacokinetic methods (4). The area under
the curve (AUC) of theophylline concentration versus time
from zero hours to infinity (AUCO0.) and the area under the
first moment of the concentration-time curve (AUMC) for
each treatment were calculated by the trapezoidal rule. Total
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TABLE 1. Theophylline pharmacokinetic parametersa with and without norfioxacin coadministration

Group Cmax (p.g/ml) CL (liter/h per CLrena, (liter/h MRT (h) t1/2 (h) kei (h 1) V,, (liter/kg)kg) per kg)

Control 10.6 ± 1.3 0.036 ± 0.006 0.006 ± 0.002 12.4 ± 1.7 8.7 ± 1.2 0.081 ± 0.11 0.44 ± 0.05
Norfloxacin 11.1 ± 1.4 0.033 ± 0.004 0.007 ± 0.002 13.6 ± 2.1 9.5 ± 1.5 0.074 ± 0.11 0.44 ± 0.07

P 0.26 0.047 0.37 0.075 0.047 0.059 0.88
a Mean ± standard deviation. Abbreviations: Cmax, maximum concentration in serum; CL, clearance; CLrena,, renal clearance; MRT, mean residence time; tp12,

elimination half-life; k,1, elimination rate constant; V,,, steady-state volume of distribution.

body clearance of theophylline was calculated from the
theophylline dose divided by the AUCO, The mean resi-
dence time for theophylline was calculated from the AUMC
divided by the AUC. The steady-state apparent volume of
distribution was calculated as D(AUMCOJAUCG2) -
(TD/2AUCO.,), where D is theophylline dose and T is
duration of infusion (10). The terminal elimination rate
constant was estimated from the slope of a least-squares
linear regression of the linear portion of the curve of the
logarithm of the concentration versus time. The elimination
half-life was calculated as 0.693 divided by the terminal
elimination rate constant. Theophylline renal clearance was
calculated as the amount of parent drug excreted in the urine
in 24 h divided by the AUC during that period (4).

Statistical analysis. Differences in theophylline parameters
with and without norfloxacin coadministration were ana-
lyzed for statistical significance by both parametric (paired
Student's t test) and nonparametric (Wilcoxon rank-sum
test) means (18).

RESULTS

Mean data for theophylline pharmacokinetic parameters
with and without norfloxacin coadministration are listed in
Table 1. The maximum concentration of aminophylline in
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serum was similar in both phases of the study. Theophylline
clearance decreased in 9 of 10 subjects and elimination
half-life increased in 8 of 10 subjects given norfloxacin.
These changes were statistically significant (P = 0.047 for
both). The theophylline steady-state apparent volume of
distribution and renal clearance were not influenced by
norfloxacin.

Urine was collected and analyzed for the concentration of
theophylline and its metabolites in nine subjects. The frac-
tions of theophylline recovered as parent drug and its three
major metabolites (3-methylxanthine, 1,3-dimethyluric acid,
and 1-methyluric acid) are shown in Fig. 1. Mean recovery of
the parent drug was slightly higher and mean recovery of the
metabolites was slightly lower after norfloxacin administra-
tion; the difference was statistically significant only for
1-methyluric acid (P = 0.02).

DISCUSSION
The quinolone carboxylic acids enoxacin, perfloxacin, and

ciprofloxacin have been reported to decrease theophylline
clearance (2, 8, 11, 13-16), while nalidixic acid does not (16).
Ofloxacin has been reported to decrease or to have no effect
on theophylline clearance (3, 5, 16).

Other investigations into the effect of norfloxacin on
theophylline clearance have yielded conflicting results. Nor-
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FIG. 1. Fractions of theophylline and its major metabolites recovered in the urine of nine subjects 0 to 24 h after they received

aminophylline with or without norfloxacin coadministration. NS, Not significant (P > 0.05).
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floxacin decreased theophylline clearance in two studies that
were similar to ours, but the results did not reach statistical
significance. In a study by Sano et al. (12), five subjects were
given 250 mg of intravenous aminophylline while drug free or
on day 4 of taking norfloxacin (200 mg three times daily).
Mean theophylline clearance decreased 8.0% and elimina-
tion rate constant decreased 14.9% after norfloxacin admin-
istration. Bowles et al. (1) reported a mean decrease in
steady-state theophylline clearance of 10.2% in 10 subjects
on day 4 of taking norfloxacin (400 mg twice daily).

Niki et al. (9) reported a 10% increase in the AUC of
theophylline concentration versus time and a statistically
significant increase in the maximum concentration of theo-
phylline in serum in five subjects on day 3 of taking norflox-
acin (200 mg three times daily); however, data for these
parameters approached control values on day 5 of norflox-
acin coadministration. In contrast, Tierney and Dales (Clin.
Pharmacol. Ther. 43:156, 1988) reported a larger, statisti-
cally significant decrease in theophylline clearance (14.9%; P
< 0.01) and an increase in elimination half-life (15.7%; P <
0.02), with no significant change in steady-state volume of
distribution. The reasons for the larger effects seen in that
study are unclear. Tierney and Dales studied eight subjects
given a 5-mg/kg dose of aminophylline while otherwise drug
free or after 6 days of norfloxacin (400 mg twice daily). It is
possible that longer periods of norfloxacin administration
allow its 4-oxoquinolone metabolite to accumulate and pro-
duce a greater inhibitory effect on hepatic metabolism. An
investigation comparing the effects of short and long periods
of norfloxacin administration on hepatic enzyme activity
with measurement of 4-oxoquinolone is needed to resolve
this issue.
We measured the urinary recovery of theophylline and its

metabolites to determine which metabolic pathways were
inhibited by norfloxacin. Metabolism to 1-3-dimethyluric
acid, 3-methylxanthine, and the intermediate, 1-methylxan-
thine, is catalyzed by hepatic cytochrome P-450 (6). 1-
Methylxanthine is rapidly converted by xanthine oxidase to
1-methyluric acid (6). Changes in metabolic pathways after
norfloxacin administration were statistically significant and
consistently lower only for 1-methyluric acid formation. It is
possible that the decrease in 1-methyluric acid formation
was due to inhibition of xanthine oxidase. Since endogenous
uric acid formation is dependent on xanthine oxidase, we
measured serum uric acid concentrations in five of our
subjects before and after norfloxacin administration. Uric
acid concentrations increased in three and decreased in two
subjects, indicating that norfloxacin has no effect on xan-
thine oxidase.

In conclusion, administration of norfloxacin to our sub-
jects for 4 days resulted in a small but statistically significant
decrease in mean theophylline clearance and an increase in
elimination half-life. This small inhibition of theophylline
metabolism would probably not result in clinically important
elevations in steady-state theophylline concentrations or
decreased dosing requirements in most patients. For exam-
ple, a constant aminophylline infusion of 0.7 mg/kg per h
would yield an average steady-state theophylline concentra-
tion of 16.5 jxg/ml in our subjects, which would rise to 18.2-
,ug/ml norfloxacin coadministration. In the subject with the
maximal observed decrease in clearance (26.6%), steady-
state theophylline concentrations would increase from 12.6
to 17.2 p.g/ml. Because of the intersubject variability in
inhibition, it would be prudent to monitor theophylline
concentrations during norfloxacin coadministration in pa-

tients exhibiting signs of theophylline toxicity or in those
who have theophylline concentrations near the upper limit of
the therapeutic range.
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