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Received 24 Dec 2015 Levofloxacin is a broad-spectrum antibiotic with activity against gram-positive and -negative
EZ::::::;E::?;;G bacteria. This study compared the pharmacokinetics (PK) and evaluated the bioequivalence of

two levofloxacin 100-mg tablet formulations. An open, randomized, two-way crossover study was
Keywords conducted in 28 healthy volunteers. The reference (Cravit Tab 100-mg, Jeil) or test (Levobacter
Ié?;’:;‘jiif;:’cey Tab, Seoul) formulation was administered and serial blood samples were collected over 24 h for PK
Pharmacokinetics, analysis. Levofloxacin plasma concentrations were measured using liquid chromatography-tandem

Comparative PK mass spectrometry (LC-MS/MS). The correlation of levofloxacin concentration at various time

pISSN: 2289-0882 points with the area under the concentration time-curve over the time interval from 0 extrapolated

eISSN: 2383-5427 to infinity (AUC,,;) was estimated to determine the best reflected time point. The average half-life,

maximum plasma concentration (C,,,), and AUC,, were comparable. The 90% confidence intervals

(CIs) of the geometric mean ratio (GMR test/reference) of AUC,, and C ,,,, were 0.8200-1.0633
and 0.9474-1.0643 respectively. Both formulations were tolerated with no clinically relevant safety
issues. Plasma levofloxacin concentrations at various time points correlated well with the AUC,,
and showed high correlation coefficients (r > 0.7, P < 0.001) for both drugs 8 and 12 h after ad-
ministration. Both formulations showed similar PK profiles while levofloxacin plasma levels after
and AUC,,, GMR 90% CIs were 0.80-1.25.

Moreover, 12 h was the best time point to predict the AUC,; and therefore suitable for therapeutic

administration indicated their bioequivalence. The C

‘max

drug monitoring.

Introduction

Levofloxacin, a fluoroquinolone antibiotic, is the optical S-(-)
isomer of the racemic drug ofloxacin.[1] It is valued for its broad-
spectrum activity, excellent tissue penetration, and availability
as both oral and intravenous formulations.[1] It has broad-spec-
trum activity against both gram-positive and negative bacteria,
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including most strains of pathogens responsible for respiratory
and urinary tract infections, cellulitis, prostatitis, anthrax, endo-
carditis, meningitis, pelvic inflammatory disease, traveler's diar-
rhea, and tuberculosis, as well as gastrointestinal and abdominal
infections.[2] Levofloxacin, similar to other fluoroquinolones,
exerts its antibacterial effects by inhibiting the type 2 topoisom-
erase enzyme, topoisomerase IV and deoxyribonucleic acid
(DNA) gyrase, which is responsible for supercoiling DNA.[3]

A previous study showed that an oral dose of levofloxacin was
rapidly absorbed.[4] Peak plasma concentrations are attained
within 1-2 h following oral administration of levofloxacin.[3]
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Levofloxacin pharmacokinetics (PK) obeys a two-compartment
model with first-order elimination.[3] The mean terminal plas-
ma elimination half-life (t,,5) is from approximately 6-8 h.[3,4]
Levofloxacin is less metabolized than other fluoroquinolones,
and approximately 80% is excreted as the unchanged form in
the urine through glomerular filtration and tubular secretion
within 48 h; minimal metabolism occurs with no metabolites
possessing relevant pharmacological activity being formed. [3]

The primary aim of the present study was to compare the PK
profiles of two formulations of levofloxacin 100-mg tablets and
evaluate their bioequivalence. The reference and test formula-
tions were Cravit (Jeil Pharmaceutical Co. Ltd., Seoul, South
Korea) and Levobacter (Seoul Pharma Co., Ltd., Seoul, South
Korea), respectively, which contained the same amount of active
ingredient and excipients as the branded levofloxacin formula-
tions do. The secondary aim was to identify a single time-point
which appropriately reflects AUC for the plasma concentration
of levofloxacin by correlation coefficients between the AUC and
concentrations at each time-point.

Methods

The study was conducted at the Clinical Trials Center (CTC),
Kyung Hee University Hospital (KHUH), Seoul, South Korea
in compliance with the ethical principles of the Declaration of
Helsinki, all International Conference on Harmonization Good
Clinical Practice Guidelines, and local laws and regulations.[5]
The protocol was approved by the Institutional Review Board
(IRB) of KHUH. Subjects’ written informed consent were ob-
tained after a detailed explanation of the study and before the
screening test for eligibility was performed. Furthermore, the
study was conducted in accordance with the bioequivalence
study guideline published by the US Food and Drug Admin-
istration (FDA) and the Korean Ministry of Food and Drug
Safety (MFDS), South Korea.

Study Population

Korean male volunteers aged 19-55 years were screened for
the study. Eligibility criteria was based on successful completion
of a clinical evaluation, which consisted of the followings: col-
lection of demographic data (age, weight, and height), physical
examination, vital signs (blood pressure and pulse rate), and
performance of clinical laboratory tests (hematology, clinical
chemistry, and urinalysis) for each volunteer. Subjects were
excluded if they showed evidence or history of clinically signifi-
cant diseases such as hepatic, renal, pulmonary, cardiac, gastro-
intestinal, neurologic, or hematologic disorders.

Study Design

A randomized, single-dose, two-treatment, two-period, two-
sequence crossover study was conducted in healthy subjects
who were admitted to the Clinical Trial Center, Kyung Hee Uni-
versity Hospital from day -1 to 2 of each study period. The study
periods were separated by a 10-day washout period. Subjects
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were randomly assigned to one of two sequences in a 1:1 ratio
(Group A, reference formulation to test formulation and Group
B, test formulation to reference formulation).

We calculated the number of subjects required to perform a
bioequivalence study analysis at a 5% significance level with
a power of 90%, assuming that the intra-subject coefficient of
variation for the PK parameters was 22%, and the geometric
mean ratio (GMR, test/reference) for both maximum plasma
concentration (C_,) and last area under the curve (AUC,,) was
1. Considering for 15% withdrawal ratio, a total of 28 subjects
were planned for the enrollment.[6]

The test formulation was Levobacter, levofloxacin 100-mg
film-coated tablets provided by Seoul Pharma Co., Ltd., South
Korea (batch number 10001) and the reference drug was Cravit,
levofloxacin 100-mg tablets, manufactured by Jeil Pharm. Co.,
Ltd., South Korea (batch number CVJCO01). The subjects re-
ceived one tablet of either the reference or the test formulation
with 240 mL of water after an overnight fast of at least 10 h on
day 1 of each period. The subjects were not allowed to consume
any drinks and food for 2 and 4 h after drug administration,
respectively.

To determine the plasma levofloxacin concentration, blood
samples were collected at the following time points: prior to
administration (0 h) and 0.33, 0.67, 1, 1.5, 2, 2.5, 4, 6, 8, 12 and
24 h post-dosing. The collected blood samples were centrifuged
immediately at 1,800xg for 10 min, the plasma was collected,
and then stored at -70°C in a deep freezer until analyzed.

The safety and tolerability of the formulations were assessed
based on the occurrence of adverse events (AEs), vital signs,
clinical laboratory evaluations, and physical examination
throughout the study period.

Quantification of levofloxacin plasma concentrations

The plasma concentrations of levofloxacin were analyzed by
using a high-performance liquid chromatography (HPLC, Agi-
lent 1200 series, Agilent Technologies, USA) coupled with a tan-
dem mass spectrometry (LC-MS/MS, API 3200 system, Applied
Biosystems/MDS SCIEX, Foster City, CA, USA). The plasma
samples were prepared by deproteinization with acetonitrile fol-
lowed by sample dilution with 0.2% (v/v) formic acid, and the
schedule was run at a flow rate of 0.3 mL/min. The compounds
were separated using a Luna 3u HILIC 200A column (100x2.0
mm, Phenomenex Inc., USA).

The lower limit of quantification (LLOQ) was 0.1 pg/mL and
the calibration curve was linear over a concentration range of
0.1-10 pg/mL following administration of levofloxacin five
times daily for 5 days. The coeflicient of variance (% C.V) of the
within and between day assay precisions were 3.62-9.87 and
4.93-19.36%, respectively, while the within and between day as-
say accuracy (%) were 89.44-103.57 and 97.54-99.84%, respec-
tively, indicating that the bioanalytical method was accurate and
precise.
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PK analysis

The PK parameters were calculated and estimated using a
noncompartmental analysis program by Phoenix® WinNonlin®
(version 6.3., Pharsight, Mountain View, CA, USA). The C
and the time to achieve C,,, (T,,,,) were obtained directly from
the observed values.[7] The terminal elimination rate constant
(k.) used for the extrapolation was determined by regression
analysis of the log-linear part of the concentration-time curves.
[7] The t,,, was calculated by dividing In2 by the k.. The area
under the plasma concentration-time curve from time zero to
the last observed time point (AUC,,,) was calculated according
to the noncompartmental method using the linear up, log down
trapezoidal rule. The AUC from time zero to infinity (AUC,,)
was determined as the sum of the AUC,,, and the extrapolated
area beyond the last plasma concentration. The total apparent
clearance (CL/F) was calculated using the following formula:
CL/F = dose/AUC, .

The correlation of levofloxacin concentration at various single
time points with the AUC, ; was estimated to determine the best
reflected time point.

Statistical analysis

All statistical analyses were performed using the SAS system
(version 9.4; SAS Institute Inc., Cary, NC, USA). The demo-
graphic characteristic comparisons between the sequence
groups were performed using an unpaired t-test. All the PK
parameters were summarized using descriptive statistics. The
individual log-transformed C,,,, AUC,,, and AUC,  were
compared between the test and reference formulations using a
mixed effect model; the period, sequence and formulation as
the fixed effects and subjects in nested sequences as the random
effect. The least square mean differences with 90% confidence
interval (CI) of C_,,., AUC,,,, and AUC,; were transformed to
the original scale to obtain GMR with 90% CI. According to the
bioequivalence study guidelines published by the US FDA and
the Korean MFDS, the two tablet formulations would be con-
sidered bioequivalent if the 90% ClIs for GMR were within the
range of 0.80-1.25.[7,8]

The correlations between the plasma levofloxacin concentra-
tion at various time-points and the AUC,; of the reference and
test drugs were tested using Pearson’s correlation coefficient test.
A p £ 0.05 and correlation coefficient (r) > 0.7 was regarded as
significant.[7] Also, the linear regression model was applied to
determine the relationship between AUC,; and levofloxacin
concentration at each time points.[9]

Results

Subjects

A total of 28 healthy male volunteers were enrolled, and four
were dropped (two each from groups A and B), due to personal
reasons leading to non-compliance and 24 subjects eventually
completed the study. The mean age, height, and weight were
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Table 1. Demographic data of study population of healthy Korean vol-
unteers

Sequence

Group A
(N=12)

Group B
(N=12)

Age(yr)  24.0+33 252430  24.6+32 0.38
Height (cm) 175.6:¢5.8 173.0:6.6 174.316.2 0.32
Weight (kg) ~ 70.449.3  65.849.2  68.1:9.3 0.24

Notes: N=24; values are meanzstandard deviation (SD). *Group A ver-
sus B. Group A subjects first received reference formulation (Cravit) then
test formulation (Levobacter); group B subjects first received test formu-
lation (Levobacter) then reference formulation (Cravit).

24.6+3.2 years, 174.3+6.2 cm, and 68.1+9.3 kg, respectively.
There were no clinically relevant differences between groups A
and B in any of the demographics (Table 1).

PK analysis

The mean plasma concentration-time curves of the two le-
vofloxacin 100-mg tablet (test and reference) formulations are
shown in Figure 1 while their mean PK parameters are illus-
trated in Table 2.

The mean plasma concentration-time profiles of the two tablet
formulations after a single oral administration were similar.
Both formulations were absorbed rapidly and they were elimi-
nated mono-exponentially. The median T, of the test and
reference drugs were similar (1.00 h each, range 0.33-2.50 and
0.67-4.00 h, respectively), and the average t,,, of levofloxacin
was similar for both the test and reference drugs after admin-
istration (6.03+1.66 and 6.15+1.52 h, respectively). The mean
AUC,, was 7.54+1.68 and 7.53£1.79 h-ug/mL after adminis-
tration of the test and reference drugs, respectively. The mean
AUC,,; was 9.03£1.71 and 9.07+1.80 h-ug/mL, and the mean
Cax Was 1.61£0.75 and 1.66+0.47 pug/mL for the test and refer-
ence drugs, respectively (Table 2). The GMR (test/reference)
90% ClIs for the C_,,, AUC,,,, and AUC, ; were 0.9338 (0.8200-
1.0633), 1.0041 (0.9474-1.0643), and 0.9974 (0.9594-1.0370),
respectively. Therefore, based on the US FDA and Korean
MEDS guidelines, the 90% Cls for the relevant PK parameters
such as C,,, and AUC,, fell within an acceptable range of
0.80-1.25, indicating PK bioequivalence between both tablet
formulations of levofloxacin (Table 2).

The plasma levofloxacin concentration at various time points
correlated well with the AUC, . The plasma concentrations
at 6, 8, 12 h and 8, 12 h (reference and test drugs respectively)
after administration showed high r values (> 0.7 and P < 0.001).
Therefore, the plasma concentrations 8 and 12 h after drug ad-
ministration (C8 and C12, respectively) showed high r values
for the reference and test formulations. Moreover, the concen-
tration at the 12 h time point (C12) revealed that this was the
best time point for predicting the AUC, . The r values of 0.923
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Figure 1. Mean plasma concentration—time curve for test and reference formulations of 100-mg levofloxacin after a single oral dose N = 24, error
bars represent standard deviation (SD); Left and right linear and log scale, respectively.

Table 2. Pharmacokinetic parameters following single oral administration of two 100-mg formulations of levofloxacin (test and reference drugs) in

healthy Korean volunteers

Test drug
Parameters (N=24)

Mean (SD) CV (%)

Mean (SD)

Reference drug
(N=24)

Geometric mean ratio
(90% CI)°

CV (%)

T, () 1.00 (0.33-2.50) 1.00 (0.67—4.00) -
0.9338
Conax (MG/ML) 1,61 (0.75) 46.46 1.66 (0.47) 28.47 (0.8200-1.0633)
AUC,, (h-ug/mL) 7.54 (1.68) 22.33 7.53 (1.79) 23.75 1.0041
last Mg . . ' ) ! : (09474—1 0643)
0.9974
AUC,, (h-ug/mL) 9.03 (1.71) 19.89 9.07 (1.80) 18.96 (0.95941.0370)
Half-life (h) 6.03 (1.66) 27.59 6.15 (1.52) 24.64 -
CLJF (Lh) 11.47 (2.21) 19.31 11.46 (2.30) 20.08 -

Values are presented as mean + standard deviation (SD) and coefficient of variation (%C.V). T, time to peak concentration; C,..,, peak plasma con-
centration; AUC,,, area under the plasma concentration-time curve from 0 to the last measurable time; AUC,,, area under the plasma drug concentra-
tion-time curve over the time interval from 0 extrapolated to infinity; CL/F, apparent clearance; “median value [min-max], "geometric mean ratio of test/

reference, exponentiation of least square mean difference (90% ClI) of logarithmic transformed C,,,, and AUC values.

and 0.965 at 12 h were calculated for the reference and test
formulations, respectively (Table 3). For the linear regression
model, C12 values were the best predictors for AUC (R* = 0.9286
for the reference and 0.8446 for the test) and the corresponding
models were as follows;
Reference formulation: AUC = 1.16 + 32.22 x C12 (1)
Test formulation: AUC = 1.14 + 32.47 x C12 2)

Safety evaluation

No serious adverse events occurred in this study and unex-
pected adverse events that could have influenced the outcome
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of the study were not reported as well. The vital signs including
blood pressure, pulse rate, body temperature, and the physical
examination results for the study subjects showed no clinically
significant changes.

Discussion

To ensure the therapeutic equivalence of generic products,
bioequivalence studies need to be performed. Therefore, the
present study was conducted to compare the PK profiles of a ge-
neric and a branded levofloxacin formulation and evaluate their
bioequivalence in healthy volunteers. In this study, the 100-mg
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Table 3. Correlation between plasma levofloxacin concentration at
various time-points and area under the concentration time-curve over
the time interval from O extrapolated to infinity (AUC,) of reference and
test drugs

Test drug Reference drug
Sampling time (h) (N=24) (N =24)
r p r p
0.33 0.262 0.217 -0.243 0.253
0.67 0.290 0.170 0.131 0.542
1 0.463 0.023 0.158 0.462
1.5 0.618 0.001 0.231 0.277
2 0.491 0.015 0.612 0.002
25 0.511 0.011 0.597 0.002
0.294 0.163 0.629 0.001
0.597 0.002 0.818 <0.001
0.846 <0.001 0.889 <0.001
12 0.923 <0.001 0.965  <0.001
24 0.801 0.017 0.781 0.022

r, Correlation coefficient.

levofloxacin Levobacter and Cravit tablets showed similar PK
characteristics. Specifically, the 90% Cls for the GMRs of the
C,..x and AUC,, was shown to be within the acceptable range of
0.80-1.25, which indicates bioequivalence and is used by the US
FDA and Korean MFDS as the regulatory standard for approv-
ing generic formulations.[9,10]

With regards to the extrapolated AUC (AUC,,,,), the mean
(range) of AUC,,/AUC, (%) were 82.54 (75.9-90.01) for the
reference and 83.08 (73.87-90.70) for the test formulation. If
AUC,;, which is defined as AUC from zero to the last sampling
time-point (LLOQ is assumed to be zero), was used instead
of AUC,,,, the mean (range) of AUC,,/AUC,, (%) were 93.30
(85.45-99.73) for the reference and 93.85 (85.61-100.64) for the
test formulation. These findings suggested that the measure-
ments (n=32) of LLOQ at 24 hours provided a cause for the
AUC,/AUC,; (%) < 80%. However, considering the 90% CI
(0.9594-1.0370) for the GMR of AUC,,, AUC,,,/AUC, (%) <
80% did not cause bias to the bioequivalent results between the
test and reference formulations in the present study.

The blood sampling times were designed to determine the
relevant PK parameters for levofloxacin including the C_,, and
AUC. The mean C_,, and AUC,, values of 1.66 and 7.53, re-
spectively, in the present study were obtained after a single-dose
administration of levofloxacin, and these systemic exposures
were similar to those after single-dose administration in the
previous study.[3] Also, the t,,, of levofloxacin in the present
study was similar with 6-8 h reported in a previous study.[3]
Meanwhile, the washout period of 10 days, which is more than
five times the t,,, was sufficient and appropriate to ensure com-
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plete elimination of the first drug before the administration of
the alternate drug in the crossover period.

A previous study showed that levofloxacin was well tolerated
and the most commonly encountered adverse effects included
mild to moderated nausea, diarrhea, and headache (1.2-6.6,
1.2-5.4, and 1.2-5.4%, respectively).[11]

Levofloxacin, a fluoroquinolone antibiotic, acts concentration-
dependently. PK parameters can be used to quantify the time
course of serum level of an antibiotic.[12] The three critical PK
parameters for evaluating antibacterial drug efficacy are the
C,uo trough level (C,,,,,) and AUC.[13] The AUC/minimum
inhibitory concentrations (MICs) ratio is used to predict the
antibacterial efficacy of quinolones.[14] The data from in vitro
suggested that AUC,,,/MIC correlated best with their antibacte-
rial activity and clinical efficacy.[9] Therefore, it is clinically im-
portant to predict a target AUC,,, of levofloxacin using a limited
number of plasma concentrations from patients in therapeutic
drug monitoring (TDM).[7]

The results of the present study showed high r values between
the plasma levofloxacin C8 and C12 after drug administration
and the AUC, . The use of the C8 or C12 following the initial
administration of antibiotic drug treatments to patients might
be useful for determining the necessary dose modification re-
quired to adequately and rapidly predict the AUC,; and the ap-
propriate dose for clinical treatment.

Based on the World Health Organization (WHO) guideline for
the management of drug-resistant tuberculosis, a later-genera-
tion fluoroquinolones (i.e. levofloxacin, moxifloxacin, gatifloxa-
cin and sparfloxacin) should be used for longer duration than
drug-susceptible tuberculosis.[15,16] Thus, this long-term use
can have a risk of adverse events, although high concentrations
of levofloxacin did not occur adverse drug reactions in patient
studies.[17-19] Meanwhile, dosing should be adjusted for pa-
tients with renal impairment, because levofloxacin is mainly
eliminated via kidney.[3] Therefore, TDM of levofloxacin using
limited blood samples can be beneficial in the treatment of pa-
tients with comorbid conditions such as tuberculosis and renal
impairment.[3]

In conclusion, the PK parameters of the two levofloxacin 100-
mg tablet formulations, (Levobacter and Cravit) were confirmed
to meet the regulatory criteria for bioequivalence. Furthermore,
both tablet formulations were well tolerated despite the single
dose of 100-mg levofloxacin doses. Finally, the present study
demonstrated that the AUC of levofloxacin could be predicted
and estimated using a limited sampling time point of 12 h.
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