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The bioequivalence of oral and intravenous ofloxacin was investigated after the administration of multiple
doses of 400 mg every 12 h to 20 healthy male volunteers in a randomized, crossover, open-label study.
Ofloxacin concentrations in plasma were evaluated after 4 days of oral or intravenous (1-h infusion) dosing with
a 3-day wash-out period between regimens. As expected, delivery to the systemic circulation took slightly longer
after the oral dosing (time to maximum concentration of drug in serum of 1.7 h) relative to the 1-h intravenous
infusion, but the systemic availabilities of ofloxacin by the two routes of administration were equivalent (area
under the concentration-time curve from 0 to 12 h ratio of 95%). Since previous studies have not demonstrated
any change in the bioavailability of ofloxacin in infectious disease patients, this study supports the interchange-
ability of these dosing regimens.

Ofloxacin is a synthetic carboxyquinolone antimicrobial
agent with potent broad-spectrum bactericidal activity
against gram-positive and gram-negative aerobic and facul-
tatively anaerobic bacteria (8). Ofloxacin has been available
in the United States as 200-, 300-, and 400-mg tablets since
January 1991 and as a 200-, 300-, or 400-mg intravenous (i.v.)
formulation since March 1992.

Previous studies have demonstrated that ofloxacin is rap-
idly absorbed from the gastrointestinal tract after oral (p.o.)
administration and that it is nearly 100% bioavailable after a
single dose (8), but no study had yet defined the absolute
bioavailability of ofloxacin at steady-state levels. Thus, the
present study was conducted to investigate the bioequiva-
lence of the marketed p.o. and i.v. formulations when
administered every 12 h (ql2h).

MATERIALS AND METHODS

Subjects. Twenty healthy male subjects ranging in age
from 18 to 41 years (mean, 26 years) and weighing from 134
(ca. 61 kg) to 221 (ca. 100 kg) lb (mean, 169 lb [ca. 77 kg])
were enrolled in the study. The subjects were judged healthy
on the basis of the results of the prestudy values of vital signs
(pulse, oral temperature, and sitting blood pressure), labo-
ratory profiles (hematology profile, blood chemistry, and
urinalysis), urine toxicology screen, and human immunode-
ficiency virus screen. None of the subjects had a previous
history of allergy to quinolones or controlled-substance
abuse. The protocol was reviewed and approved by the
ethical committee of Pharmaco Dynamics Research Inc.,
Austin, Tex. Demographic characteristics of the subjects are
given in Table 1.
Drug administration and blood sampling. Ofloxacin was

administered p.o. as a 400-mg tablet (production batch from
Ortho Pharmaceutical Corporation) with 8 fluid ounces (ca.
300 ml) of water and i.v. from a 10-ml single-dose vial
containing 400 mg of ofloxacin (production batch from
Schering, Puerto Rico). Prior to i.v. dosing, the contents of
two vials were drawn into a syringe and added to 180 ml of
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D5W (dextrose). One hundred milliliters of this solution was
infused over a 1-h period by using an IVAC infusion pump
set to deliver 1.67 mllmin. The p.o. and i.v. dosing was
carried out according to the following scheme. In a random-
ized, crossover, open-label fashion, subjects received either
i.v. or p.o. ofloxacin (400 mg ql2h) during days 1 to 4. On
day 5, they received the morning p.o. or i.v. dose only.
Washout was performed during days 6 to 8. On day 9, the
crossover took place and subjects again received p.o. or i.v.
ofloxacin (400 mg ql2h) during days 9 to 12. On day 13, they
received the last p.o. or i.v. morning dose. All subjects
entered the study center at least 12 h prior to administration
of the first dose and remained at the center until the last
procedure was completed. Subjects were not allowed to eat
within 2 h of a dose. For the morning doses, subjects fasted
from at least midnight of the previous day. On days 5 and 13,
food was not consumed after the prior evening meal until 2 h
after the morning dose. Venous blood samples (5 ml) were
drawn from each volunteer immediately prior to each dose
on days 1, 3, 4, 9, 11, and 12. On days 5 and 13, blood
samples were drawn immediately prior to dosing and at 0.5,
1, 1.5, 2, 3, 4, 5, 6, 9, 12, 16, and 24 h after dosing began.

Analytical procedures. Plasma samples were analyzed for
ofloxacin by a sensitive and specific high-pressure liquid
chromatographic method previously described (3). After
extraction at pH 7 with dichloromethane, the extract was
injected onto a C18 ,uBondapak column (25 cm by 4.6 mm
[inner diameter]; Waters Associates Inc., Milford, Mass.).
The mobile phase consisted of 1.74 g of potassium dihydro-
gen phosphate and 20 mg of 1-hexanesulfonic sodium salt
(Eastman Kodak Co., Rochester, N.Y.) dissolved in 650 ml
of distilled water, combined with 350 ml of methanol, and
adjusted to pH 3 with phosphoric acid. The imidazolic
derivative of ofloxacin (Daiichi Seiyaku) was used as the
internal standard. Detection was done with a UV detector at
313 nm. The limit of quantitation was 0.01 mg/liter, and the
extraction efficiency was more than 75%. The assay was
linear over the concentration range of 0.025 to 9 mg/liter.
The intra- and interday coefficients of variation ranged from
3 to 6% over the standard curve concentration range of 0.025
to 9 mg/liter.

1468



BIOEQUIVALENCE OF ORAL AND INTRAVENOUS OFLOXACIN

TABLE 1. Demographic characteristics of subjects

Group' Mean (yr) + SD Race Mean wt (lb)C + SD
(range) (no. C/B/O)Y (range)

I 27.0 t 6.9 (21-41) 5/2/4 166.1 ± 21.0 (134-202)
II 25.3 ± 5.7 (18-36) 13/0/0 172.1 ± 28.0 (144-221)

a Group 1 (11 subjects) was given 400 mg i.v. (period 1) and 400 mg p.o.
(period 2), whereas group 2 (13 subjects) was given 400 mg p.o. (period 1) and
400 mg i.v. (period 2).

C/B/O, Caucasian/black/other.
c One pound equals 0.373242 kg.

Pharmacokinetic and statistical analyses. Day 5 and 13
plasma ofloxacin concentration-time profiles were prepared,
and the following pharmacokinetic parameters were evalu-
ated: peak ofloxacin concentration in plasma (Cma,), the
time to reach Cm. (Tm.), the predose concentration at 0 h
(Cmin), and the area under the concentration-time curve over
the 12-h dosing interval (AUCO12). The Cm. and Tmax
values were determined by visual inspection of the plasma
ofloxacin concentration-time profiles. AUCO12 was calcu-
lated by the trapezoidal summation method. The terminal
elimination rate constant, X, was estimated from the slope of
the terminal exponential phase of the plasma ofloxacin
concentration-time curve (by means of the linear regression
method) which was compiled of no less than three datum
pairs and a correlation coefficient, r, of no less than 0.95. The
terminal elimination half-life, t1/2, was then calculated as
0.693/A.
At steady-state levels, the apparent systemic clearance

(CL/F) and apparent volume of distribution (VsjF) were
calculated as dose/AUCO12 and dose/AUCO_12 x (AUMCs5/
AUCO12 - T/2), respectively, where F is the bioavailability
of the corresponding ofloxacin formulation, T is the i.v.
infusion time or Tm. after p.o. dosing with the assumption
of apparent zero-order absorption rate, and AUMCss is the
steady-state area under the first moment of the concentra-
tion-time curve calculated by the method of Smith and
Schentag (12).

Statistical analyses were performed with the SAS com-
puter program package (9). Steady-state attainment by the
fifth day of continuous dosing for each treatment was con-
firmed by comparing the fourth and fifth day morning pre-
dose ofloxacin concentrations. AP value of <0.05 was used
to determine the level of significant difference.

Analysis of variance (ANOVA) and 90% nonsymmetrical
confidence interval tests were used to compare the bioavail-
ability parameters (Cm,, Cmin, Tma, and AUCO12) from the
p.o. and i.v. formulations. ANOVA was performed by the
SAS general linear model procedure (9). The model used in
the ANOVA tested for the effects of treatment sequence,
subject within sequence, study period, and treatment. If
there were no significant period effects, the ANOVA was
repeated without a period term in the model. The degrees of
freedom, P values, and standard deviation (SD) estimates
(from residual mean square error term) were obtained from
the ANOVA with period effects. Differences in treatment
means were deemed statistically significant at P values of
<0.05.
Two one-sided t analyses (shortest confidence intervals)

(10) were calculated with 90% confidence limits. Confidence
intervals within +20% implied bioequivalence between
treatment means.

Safety evaluation. Safety evaluations were based on the
incidence, severity, and type of adverse experiences which
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FIG. 1. Mean plasma ofloxacin concentration-versus-time pro-
files following 5 days of 400-mg i.v. infusion (A) or p.o. (0)
administration. The bars indicate SDs.

occurred during each phase, changes in physical findings
from prestudy to poststudy, and comparisons of hematol-
ogy, serum chemistry, and urinalysis results prior to and
after each treatment phase. Hematology tests included he-
moglobin, leukocytes, and platelet count. Serum chemistry
tests included glucose, creatinine, blood urea nitrogen, total
bilirubin, uric acid, alkaline phosphatase, serum glutamic
oxalacetic transaminase, serum glutamic pyruvic transami-
nase, and lactate dehydrogenase. Urinalysis included spe-
cific gravity, pH, presence of glucose or protein, and micro-
scopic examination of sediment (erythrocytes, leukocytes,
and casts).

RESULTS

Clinical data. The physical characteristics of the subjects
entered in the study are summarized in Table 1. In the group
given ofloxacin i.v. and then p.o. (group I), one subject
withdrew during i.v. dosing because of intermittent episodes
of dizziness, nausea, and headache and was replaced. Thus,
11 subjects were entered in this study group. Of these
subjects, five were Caucasian, two were black, three were
Hispanic, and one was a Native American. The mean age of
group I subjects was 27 years (range, 21 to 41 years), with
seven subjects in 18-to-25-year range, two in the 26-to-35-
year range, and two in the 36 to 45 years range. In the group
given ofloxacin p.o. and then i.v. (group II), three subjects
dropped out; one had abnormal predosing laboratory values
and was withdrawn from the study after the first dose (the
information had not been available prior to dosing [period
I]), one withdrew after his first p.o. dose because of mild
urticaria, and the third withdrew because of mild urticaria at
the injection site following his first i.v. dose. Each of these
subjects was replaced. All subjects in group II were Cauca-
sian. The mean age of group II subjects was 25.2 years
(range, 18 to 36 years), with eight subjects in the 18-to-25-
year range, four in the 26-to-35-year range, and one in the
36-to-45-year range. With the exception of the three subjects
who withdrew because of adverse experiences, the volun-
teers tolerated ofloxacin well. Of the 23 subjects who re-
ceived p.o. treatment, 6 (26%) reported seven adverse
experiences during the p.o. phase of their trial. Of the 22
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subjects who received i.v. treatment, 9 (41%) reported 18
.09adverse experiences during the i.v. phase of their trial. All

the adverse experiences observed in this study are com-
monly known to occur after administration of ofloxacin and
other quinolones. There were no clinically significant
changes in laboratory values from baseline levels after either

+1 +1 route of administration.
~0 00x oo0 Pharmacokinetics. Because of a technical malfunction, one

data set was lost during sample analysis, hence the pharma-
cokinetic and statistical analyses were based on a total of 19
subjects. Mean steady-state plasma ofloxacin concentrations
obtained after p.o. or i.v. administration are plotted in Fig. 1.
As shown in Fig. 1, slight concentration differences were
observed between the two routes at 0.5 and 1 h postdose.

CZ W N>After 1 h postdose, however, the plasma ofloxacin concen-
tration-time profiles generated from the two routes were0

C 0
o te essentially superimposable. Steady-state pharmacokinetic
v. S +l parameters after p.o. or i.v. administration are summarized

in Table 2. Trough plasma ofloxacin concentrations are
eno o plotted in Fig. 2.
- ~ Following multiple 400-mg i.v. infusions given ql2h, the

mean (+ SD) Cmax of 7.17 + 0.87 ,ug/ml occurred at 1.1 ± 0.5
h after the start of the final infusion (Tmax). p.o. administra-

0 r-.oNtionof ofloxacin at the same dosing regimen resulted in a
r- cli
E<~> mean (t SD) Cma of 5.79 ± 1.0 ,ug/ml, which occurred at 1.7

± 0.5 h postadministration (Tmax). The mean percent differ-
ences in Cm and Tmax from i.v. infusion to p.o. dosing were

Xn5 ~ ~23.9 and 35.3%, respectively. Mean (t SD) Cmin values on
u +1 +1 day 5 of i.v. and p.o. ofloxacin administration were 2.04 t

4o4 m tn 0.53 and 2.12 ± 0.49 ,ug/ml, respectively. The mean percent
difference in Cmin from i.v. infusion to p.o. dosing was

3.78%. The mean (± SD) AUCO12 values on day 5 of
ofloxacin i.v. infusion and p.o. administration were 43.5 +
7.81 and 41.2 ± 6.98 ,ug. h/ml, respectively. The mean

2E : ch percent difference in AUC012 from i.v. infusion to p.o.
dosing was 5.65%; alternatively, the ratio of AUCO,_12 (P-.o

cn cn^ relative to i.v. administration) was 95.0 ± 6.45%. These
.__00Xvalues suggested the systemic availability from multiple-

CZ 00 0~10, r: Izxdose administration of the two formulations was essentially
O i tl+t+ identical. The mean (t SD) values of t112 following i.v. and

ci p.o. ofloxacin administration were 7.61 ± 0.98 and 7.88 +
1.17 h, respectively. The mean percent difference in t1/2 from

E i.v. infusion to p.o. dosing was 3.43%.
co Steady-state attainment by the fifth day of 400-mg ql2h

dosing was achieved, since no significant differences were
observed between the fourth and fifth day morning predose
plasma ofloxacin concentrations following either p.o. or i.v.
administration (P = 0.913 and 0.818, respectively).,- ri. Least-square mean parameter values from the two (i.v.

v ~~atR and p.o.) treatments were compared by ANOVA and 90%
0°,e.o nonsymmetrical confidence interval tests. No significant

reNotm.!2 treatment sequence and period effects were observed. Re-
In 'IRr.z"sults of the statistical comparisons are given in Table 3. Both

Fi '4 the Cmax and Tm. values were significantly different follow-
v ti ing multiple i.v. and p.o. treatments, as indicated by the
_ +1 ANOVA P values and the 90% confidence intervals. The

r. o ~ <Cmin values between the two treatments, however, were not
o121g > " different. The differences in AUCO,12 values between treat-

ments were small but statistically significant by the ANOVA
rA <<test. However, the AUCO_12 values were well within the 90%

.: ;
-a

nonsymmetrical confidence intervals, indicating equivalence
> u
yo>'> in systemic availability from the two formulations after

multiple doses.
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FIG. 2. Mean morning and evening trough ofloxacin concentrations in plasma over time following multiple 400-mg i.v. (A) or p.o. (0)

doses given ql2h to healthy volunteers. The bars indicate SDs.

DISCUSSION
This study investigated the interchangeability of the p.o.

and i.v. formulations of ofloxacin under the most commonly
used clinical regimen of 400 mg ql2h.
The pharmacokinetic results and concentrations in plasma

were comparable to those previously observed after admin-
istration of similar dosing regimens, i.v. or p.o., to volun-
teers or patients with normal renal function (1, 5). Previous
studies have not shown any change in the bioavailability of
ofloxacin in infectious disease patients versus normal volun-
teers (1, 2, 6, 7, 11, 13, 14). The bioavailability of ofloxacin
has been previously investigated after administration of
single doses (5, 15), but to our knowledge this is the first
study that has investigated it under steady-state conditions.

TABLE 3. Results of the ANOVA and 95% confidence interval
tests in comparing the steady-state bioavailability parameters

of ofloxacin administered as 400-mg i.v. or p.o. doses
ql2h to healthy volunteers

Parameter P value by 90% confidence intervalANOVAtest ~Lower Upper

Cm. 0.0001 116.5 131.2
Cmin 0.4146 88.17 104.2
Tm. 0.0082 48.42 86.33
AUCo 12 0.0042 102.7 108.6

As has been previously shown after single doses, the 400-mg
tablet showed complete p.o. bioavailability. Since the ab-
sorption of ofloxacin from the tablet formulation required
more time than the 1-h i.v. infusion period, modest but
statistically significant differences in Tm. and Cm. values
were observed between these forms of administration. This
phenomenon was also observed in the single-dose studies (5,
15). As expected, these slight differences in absorption rate
and duration (i.v. versus p.o.) resulted in higher Cm. values
after i.v. infusion (on average, 1.4 ,ug/ml higher than after
p.o. administration), in spite of both formulations having
equivalent extents of absorption. Given the wide safety
margin of this drug, this slight difference in Cm,,, is unlikely
to have any clinical significance.

Steady-state conditions were achieved by day 5 for both
treatments. In addition, the predose concentrations (Cmin)
were not different between the two formulations, indicating
that ofloxacin accumulated in plasma to the same extent
after multiple p.o. or i.v. doses. Since no alterations in
steady-state drug concentrations would be expected in inter-
changing i.v. and p.o. formulations of the same dose, hos-
pitalized patients could be initiated on the i.v. formulation
and, when appropriate, be converted to the p.o. formulation
on a milligram-to-milligram basis.

This study has demonstrated the bioequivalence of the
p.o. and i.v. formulations of ofloxacin. The study specifically
investigated the most commonly used clinical regimen of 400

-1
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mg ql2h, but the excellent dose proportionality previously
exhibited by ofloxacin (3, 4) suggests that the current find-
ings can be extrapolated to the 200- and 300-mg once-a-day
or ql2h regimens.
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