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a b s t r a c t

A specific, sensitive and widely applicable high performance liquid chromatography with ultraviolet
detection (HPLC-UV) method for the determination of moxifloxacin in human plasma was devel-
vailable online 30 October 2010
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oped and validated in this study. The method involved a single step of liquid–liquid extraction with
dichloromethane and the extraction yields more than 80% were achieved. The separation was performed
on a common Kromasil C8 column with an isocratic mobile phase. The total time was within 10 min per
run. The calibration curve for moxifloxacin was linear in the concentration range of 0.05–5.0 �g/ml with
correlation coefficient of 0.9997. The developed method was validated with excellent specificity, sensitiv-
ity, accuracy, precision and stability. Using this developed method, the pharmacokinetics of moxifloxacin

teers
harmacokinetics in healthy Chinese volun

. Introduction

Moxifloxacin is a new fourth generation synthetic 8-methoxy
uoroquinolone antibacterial agent with powerful activity against
oth Gram-positive and Gram-negative bacteria, as well as atypical
rganisms and anaerobes [1]. With the increasing worldwide use
f moxifloxacin, there is an urgent need to develop a simple, rapid,
eliable and low-cost analytical method for the pharmacokinetic
tudy and clinical routine monitoring.

The analytical methods used in earlier studies were derived
ainly from the HPLC with fluorescence detection method devel-

ped by Stass and Dalhoff [2], in which complex gradient elution
ith changeable flow rate was used and the technique of on-

olumn focusing had to be employed to avoid the peak broadening,
nterferences and shift of retention times. Recently, some more
PLC methods with expensive fluorescence detector were devel-

ped for moxifloxacin determination in biological fluids [3–9]. To
olve the tailing problem, special analytic columns and compli-
ated mobile phase with ion-pair reagents as well as gradient
lution were employed [3–5,8]. The addition of ion-pair reagents
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was studied.
© 2010 Elsevier B.V. All rights reserved.

such as tetrabutylammonium salts not only increase the complex-
ity of mobile phase, but also could cause series of chromatography
problems [10]. Some methods involved the application of displac-
ing agent and special columns/cartridges in sample processing as
well as pre-column derivatization or column switching technique
[6–9]. These expensive specific equipments and complex technique
would increase analytical cost and the complexity of operation. For
clinical routine use, the disadvantages of these methods were obvi-
ous. LC/ESI-MS/MS methods have also been reported [11,12], but
this expensive apparatus would be not cost-effective for clinical
routine determination of moxifloxacin.

Since numerous HPLC systems widely used in healthcare set-
tings, especially in most developing countries, equipped only with
UV detector, it is very necessary and useful to develop an HPLC-UV
method for moxifloxacin determination. However, up to now, sev-
eral limited HPLC-UV methods were developed [13–15], in which
similar disadvantages mentioned above were involved, and poor
liquid–liquid extraction recovery (less than 70%) as well as long run
time was observed [15]. Although the existing HPLC-fluorescence
methods possessed sufficient sensitivity and could be modified to
fit the UV detector, some problems are difficult to be overcome.

Firstly, compared to the fluorescence detector, the sensitivity of UV
detector is much lower. Secondly, endogenous interferences, which
were absent under fluorescence detection, could emerge under
UV detection. All these factors probably made previous methods
unavailable [16]. Even if they are applicable, the restricted and
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samples kept at −20 ◦C for 1, 2, 4, 12 weeks and at room tem-
438 Y.H. Xu et al. / J. Chroma

xpensive experimental conditions used in many studies were dif-
cult to be satisfied in many healthcare settings due to funding

imitation.
In this study, we developed a specific, sensitive, simple, reli-

ble and widely applicable as well as low-cost HPLC-UV method
or moxifloxacin determination in human plasma. The separation
an be performed under the most common experimental condi-
ions, without adding expensive special equipments. Also, using
his developed method, the pharmacokinetics of moxifloxacin in
ealthy Chinese volunteers was studied.

. Materials and methods

.1. Chemicals and reagents

Moxifloxacin hydrochloride standard (batch No. BXR2C4N,
eclared purity 94.8%) was friendly obtained from BayerPharma
ompany (Germany). Gatifloxacin standard (batch No. 30518-
00402, declared purity 97.2%), the internal standard (I.S.), was
upplied by the National Institute for the Control of Pharmaceu-
ical and Biological Products (NICPBP) of China. Methanol and
cetonitrile (HPLC grade) were purchased from Tianjin Shield Fine
hemicals Co. Ltd (Tianjin, China). The other reagents were of ana-

ytical grade.

.2. Chromatographic conditions

Chromatographic analysis was performed on a modular Agi-
ent HP1100 system (Hewlett Packard, Agilent, USA) and signals

ere processed with HP ChemStation software. The Kromasil C8
250 mm × 4.6 mm, 5 �m particle size, EKA chemicals) was used as
nalytical column. The isocratic mobile phase consisted of acetoni-
rile, methanol and KH2PO4 buffer solution (0.02 M, containing 1%
riethylamine, pH 3.0 adjusted with concentrated phosphoric acid)
15:20:65, v/v/v). The flow rate was 1.0 ml/min. The diode array
etector was used and detection wavelength was set at 296 nm.
he column temperature was maintained at 30 ◦C.

.3. Standard stock and working solutions

Standard stock solution of moxifloxacin (1.0 mg/ml) was pre-
ared by direct weighing of standard substance with subsequent
issolution in water. The stock solution was appropriately diluted

n KH2PO4 buffer solution to obtain working standard solution
f moxifloxacin with the final concentrations of 2.5, 5, 10, 20,
0, 80, 160, 250 �g/ml, respectively, used for calibration pur-
oses. Standard stock solution of I.S. (0.2 mg/ml) was prepared by
irect weighing of standard substance. The concentration of work-

ng standard solution of I.S. was 20 �g/ml, prepared by diluting
ppropriate stock solution in KH2PO4 buffer solution. All prepared
olutions were stored at 4 ◦C until analysis.

.4. Sample preparation

A simple liquid–liquid extraction was used for the extraction of
oxifloxacin in human plasma. To 0.5 ml of human plasma, 15 �l

liquots of working I.S. solution and 40 �l of sodium hydroxide
NaOH, 0.5 M) were added and mixed for 10 s on a vortex agi-
ator (Troody Analytical Instrument, Shanghai, China), followed
y extraction with 5 ml of dichloromethane. After vortexed for
min, the mixture in a glass screw-capped tube was centrifuged

t 10,000 rpm for 5 min (Abbott, USA). The lower organic layer was
ompletely transferred into another conical glass tube and evapo-
ated to dryness at 40 ◦C under a flow of nitrogen. The final residue
as reconstituted in 100 �l aliquots of KH2PO4 buffer solution and

0 �l was injected into the sampler for analysis.
878 (2010) 3437–3441

2.5. Method validation

2.5.1. Specificity
The specificity of the method was evaluated by analyzing blank

drug-free plasma samples obtained from six healthy subjects and
actual plasma samples from a volunteer after oral moxifloxacin. The
probable interferences from endogenous substances were assessed
by observing the chromatograms of blank and spiked plasma sam-
ples, as well as samples from the volunteer.

2.5.2. Linearity
The linearity of the standard curves was assessed with the inter-

cept, slope and correlation coefficient (r) and their variations in the
range of 0.05–5.0 �g/ml. The calibration samples of moxifloxacin
(0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 5.0 �g/ml) were prepared by sep-
arately spiking 10 �l of prepared working standard solution of
moxifloxacin into 0.5 ml of blank plasma. The standard calibra-
tion curve for moxifloxacin was constructed by least square linear
regression using peak area ratios of moxifloxacin to I.S. versus the
nominal concentrations of the analytes. The deviation of standards
from nominal concentration should be within ±15% (±20% for the
lower limit of quantification).

2.5.3. Sensitivity
The sensitivity was evaluated by the limit of detection (LOD)

and the lower limit of quantification (LLOQ). LOD was defined as
the lowest concentration of moxifloxacin in spiked plasma that can
be detected by gradual dilution in a signal-to-noise of 3:1. LLOQ
was defined as the lowest concentration of moxifloxacin in spiked
plasma sample with CV no more than 20% and relative error (R.E.)
less than ±20%.

2.5.4. Precision and accuracy
The intra-day and inter-day precision were determined by ana-

lyzing six replicates of quality control samples at concentrations
of 0.1, 1.6 and 5.0 �g/ml on the same day and six times on six
consecutive days, respectively. The precision was evaluated by the
coefficient of variation (CV) and the acceptable range of CV was no
more than 15% at 1.6, 5.0 �g/ml or 20% at 0.1 �g/ml. The accuracy
was assessed by the methodological recovery. The recovery of the
method was calculated by comparing the determined concentra-
tion of spiked samples to the theoretical concentrations.

2.5.5. Extraction recovery
The extraction recovery of moxifloxacin from human plasma

was evaluated by comparing the responses (peak area ratios of
moxifloxacin to I.S.) of analytes spiked before extraction into
plasma with those spiked after extraction into the separated
organic layer solution. The extraction recovery was investigated
at three different concentration levels of 0.1, 1.6 and 5.0 �g/ml by
triplicate analysis.

2.5.6. Stability
The stability of plasma samples under different conditions was

evaluated respectively by spiked quality control samples at three
concentration levels. Freeze–thaw stability was determined by fol-
lowing three freeze–thaw cycles from −20 ◦C to room temperature
for every 24 h. The long-term and short-term stability of plasma
samples were assessed by determining the concentration of the
perature for 2, 4, 8, 12 h, respectively. The stability of extracted
plasma samples was evaluated by keeping samples at room tem-
perature for 2, 4, 6, 12 h. The stabilities under different conditions
were obtained from comparing the measured concentration with
the concentration of sample at 0 h.
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ig. 1. HPLC chromatograms of moxifloxacin and gatifloxacin in human plasma. (A
C) plasma sample after administration; (D) blank plasma spiked with lowest moxi

.6. Pharmacokinetic study in Chinese subjects

The study was performed according to the requirements of the
uideline for the conduct of pharmacokinetic study of chemical
edicines issued by the State Food and Drug Administration of

hina (Guideline of SFDAC). Eight males and four females of eligi-
le Chinese volunteers (aged between 22 and 42 years, bodyweight
anged from 50 to 81 kg, respectively) were recruited. Written
nformed consents were obtained from all subjects before the study.
ml of venous blood sample was collected into heparinized vac-
um blood-collecting tubes before dosing (0 h) and at 0.25, 0.5, 1,
.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, 48 h after oral administration. The
lood samples were centrifuged at 3000 rmp for 10 min within 1 h.
he separated plasma samples were immediately frozen at −20 ◦C
ntil analysis.

The plasma concentration–time data were analyzed by standard
on-compartmental model with the help of the Drug and Statis-
ics software (DAS software, a recommended pharmacokinetic
rogram in China, version 2.1.1). The individual Cmax (maximum
lasma concentration) and tmax (time to reach Cmax) were directly
btained from the plasma concentration versus time data. The other
harmacokinetic parameters were obtained by the software.

. Results and discussion

The present study described a specific, sensitive, simple and reli-
ble as well as low-cost HPLC-UV method based on the current
onditions in our laboratory. Although the liquid–liquid extraction
as time-consuming, the common chromatographic conditions

nd inexpensive procedure for sample preparation made this
ethod widely suitable for routine monitoring. Furthermore, the
ow LLOQ obtained with a UV detector in this method was able to
llow us to avoid the use of fluorescence detector, which required
xpensive equipment. On the other hand, more stable responses
an be acquired under UV detector than fluorescence detector, par-
icularly when the fluorescence intensity of moxifloxacin varied
k plasma; (B) blank plasma spiked with moxifloxacin (0.2 �g/ml) and gatifloxacin;
in and gatifloxacin; 1. gatifloxacin; 2. moxifloxacin.

with pH values of solution [8,16]. The practical applicability of this
method has been demonstrated in the pharmacokinetic study on
healthy volunteers.

During the development of method, severe tailing that would
impair the resolutions, sensitivity and precision had been observed.
This tailing was probably attributed to the amphoteric prop-
erty and silanophilic interaction of moxifloxacin [8]. The primary
approaches for solving this problem were the application of spe-
cial analytical columns, pre-column derivatization and ion-pair
reagents as well as gradient elution [3–6,8,13]. In our study, the
common Kromasil C8 analytical column was screened and peak
shape with symmetry factor more than 0.85 was obtained. The
improvement of symmetry would benefit both sensitivity and pre-
cision of the method, and the LLOQ of this developed methods
reached 0.05 �g/ml. Compared to the complicated compositions
of mobile phase and/or gradient elution ways used in some HPLC
methods [3,5,14], one of the advantages of our method was the
application of an isocratic mobile phase with simpler composi-
tion. The lower volume ratio of phosphate buffer solution and no
tetrabutylammonium salts in the solvent system would benefit the
protection of the HPLC flow system [17]. By adjusting the relative
proportion of methanol and acetonitrile, reasonable retention time
for moxifloacin and I.S. was obtained with good peak shape.

For the analysis of biological samples, low extraction yields
and more endogenous substances would influence the practical
applicability of HPLC methods, especially when UV detector was
used. To achieve better extraction efficacy and less interference,
various sample processing approaches including direct protein
precipitation and liquid–liquid extraction with different solvents
were respectively investigated. The chromatographs from differ-
ent sample processing ways were compared, and subsequently the

extraction with dichloromethane was chosen and further stud-
ied. The previous study showed that pKa of moxifloxacin was
changeable in different solutions [8], thus, besides investigating
other influencing factors, the effects of pH value on extraction effi-
cacy were specially evaluated in this study. The alkalization of
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Table 1
The intra- and inter-day precision and accuracy of moxifloxacin spiked in human plasma (n = 6).

Concentration (�g/ml) Precision (CV, %) Accuracy (mean ± SD, %)

Intra-day Inter-day Intra-day Inter-day

0.05 8.98 9.61 104.58 ± 9.39 105.86 ± 10.18
0.1 6.01 6.83 104.50 ± 6.28 108.17 ± 7.39
1.6 4.58 4.53 101.03 ± 4.63 103.02 ± 4.67
5.0 3.84 5.43 99.37 ± 3.82 100.38 ± 5.43

Table 2
The stability of moxifloxacin under different conditions (%, n = 3a).

Concentration (�g/ml) Freeze–thaw stability Long-term stability Short-term stability Extracted sample stability

0.1 97.26 ± 5.13 (102.73) 102.14 ± 8.45 (95.61) 99.25 ± 4.15 (96.51) 99.91 ± 2.02 (97.95)
1.6 101. 47 ± 5.33 (95.38) 97.84 ± 4.48 (96.31) 96.56 ± 4.87 (93.21) 98.83 ± 2.59 (97.46)
5.0 98.79 ± 3.98 (95.55) 97.72 ± 4.79 (95.23) 100.16 ± 5.78 (95.13) 99.05 ± 1.97 (97.13)

T ined concentration each time versus concentration at 0 h was calculated. Values were
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he determined concentrations at 0 h were defined as 100%. The ratio of determ
ean ± SD, with the last determined mean values in the parenthesis.
a n: number of replicates of each concentration level.

he samples was found to benefit the extraction recovery. After
omprehensively evaluating extraction efficiency and total pro-
essing time, 5 min of one step liquid–liquid extraction with 5 ml of
ichloromethane was used. In this study, the extraction yields over
0% were much higher than that reported by Srinivas et al. [15].

Under the optimized chromatographic conditions and sample
rocessing procedure, the retention times of moxifloxacin and

.S. were approximately 7.6 min and 5.7 min, respectively. Each
un can be completed within 10 min. The chromatograms showed

clear and excellent separation between moxifloxacin, I.S. and
ndogenous interferences from plasma. No interfering peaks were
etected at the retention time of either moxifloxacin or internal
tandard. Representative chromatographs were shown in Fig. 1.
he calibration curve for moxifloxacin exhibited a good linearity
n the concentration range of 0.05–5.0 �g/ml. The linear equation
mean ± SD, n = 3) was y = (2.1382 ± 0.0109)x + (0.0067 ± 0.0153)
r = 0.9997 ± 0.0001) (y: peak area ratio of moxifloxacin to I.S., x:
oncentrations of moxifloxacin). The deviations of standards from
ominal concentration all were within ±15%. LOD and LLOQ for
oxifloxacin were 0.015 �g/ml and 0.05 �g/ml, respectively. The
oxifloxacin concentration in human plasma at 48 h (about five

alf lives) after oral dose 400 mg can be detected, suggesting that
he sensitivity of this developed HPLC method was satisfactory. The
recision and accuracy of the developed method, including those
f lower limit of quantity concentration, were within the specified
anges (Table 1) and satisfied with the requirements of guideline
f SFDAC. The extraction recoveries (mean ± SD) for moxifloxacin
n human plasma sample were 80.48 ± 4.63%, 90.30 ± 3.31% and
1.25 ± 3.91% at low, medium and high concentrations, respec-
ively. Moxifloxacin in human plasma sample was stable during
he storage, freeze–thaw cycles, processing and analysis (Table 2).

The plasma samples from 12 Chinese volunteers were analyzed
ith the validated method described above. The mean plasma

oncentration–time curve of moxifloxacin was illustrated in Fig. 2.
eak concentrations for individuals ranged from 2.60 to 3.79 �g/ml
ere able to be reached within 1–3 h (mean 1.75 h). The half-

ife was 10.14 h, while the AUC(0–∞) was 39.83 mg h/l. In general,
here were no significant differences between the major pharma-
okinetic parameters in Chinese subjects and those in Caucasians
18–20].

In summary, a specific, sensitive, simple and widely applicable

PLC-UV analytical method for the determination of moxifloxacin

n human plasma was developed. The chromatogram generates a
ell-resolved symmetric peak for moxifloxacin with good preci-

ion and accuracy. This method is economic, widely suitable for
outine work and experimental conditions can be met in most

[
[

[

Time  (h) 

Fig. 2. Plasma concentration–time curve after a single oral dose of 400 mg moxi-
floxacin in 12 volunteers.

healthcare settings. The method has been successfully applied to
a pharmacokinetic study on moxifloxacin in Chinese subjects. And
it could be used for the bioequivalence study of moxifloxacin in the
future.
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