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Article history: A highly selective, sensitive and rapid high performance liquid chromatographic method has been devel-
Received 23 June 2010 oped and validated to quantify gemifloxacin in human plasma. The gemifloxacin and internal standard
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system. Chromatographic separation was achieved on a reversed phase C;3 column with a mobile phase
of acetonitrile:0.1% trifluoroacetic acid (20:80, v/v) using isocratic elution (at flow rate 1 mLmin~1!). The

- analytes were detected at 269 and 393 nm for excitation and emission, respectively. The assay exhibited
Iézm?]:)d;dn a linear range of 25-5000 ng mL-! for gemifloxacin in human plasma. The lower limit of detection was
HPLC 10ng mL~". The method was statistically validated for linearity, accuracy, precision and selectivity fol-
lowing FDA guidelines. The intra- and inter-assay coefficients of variation did not exceed 7.6% deviation
of the nominal concentration. The recovery of gemifloxacin from plasma was greater than 97.0%. Stabil-
ity of gemifloxacin in plasma was excellent with no evidence of degradation during sample processing
(auto-sampler) and at least 3 months storage in a freezer at —70°C. This validation method is applied for
clinical study of the gemifloxacin in human volunteers.
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1. Introduction

Gemifloxacin [(R, S)-7-(3-aminomethyl-4-syn-methoxyimino-
1-pyrrolidinyl)-1-cyclopropyl-6-fluoro-1, 4-dihydro-4-oxo-1, 8-
naphthyridine-3-carboxylic acid methanesulfonate] (CAS number
175463-14-6), is a recently developed fluoroquinolone antibacte-
rial compound with a broad spectrum of activity (Fig. 1) [1-3].
It has shown potent antibacterial activity against clinical isolates
and reference strains in both in vitro studies and experimental
models of infection in animals [4,5]. It has particularly enhanced
activity against gram-positive organisms, and displays fourfold
higher activity than that of moxifloxacin against Streptococcus
pneumoniae (minimum inhibitory concentration to inhibit 90% of
isolates [MICqg] is 0.03 wg mL~1) in vitro [5]. Gemifloxacin has also
shown potent activity against other major pathogens involved in
respiratory tract infections, including Haemophilus influenzae and
Moraxella catarrhalis and the atypical organisms, Legionella pneu-
mophila, Chlamydia spp., and Mycoplasma spp. [6]. Furthermore, the
compound has shown potent activity against many organisms that
cause urinary tract infections. The adverse reaction profile is simi-
lar to that of older members of this class [7]. The pharmacokinetic
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properties of fluoroquinolone antibacterial agents have been well
described [8]. Gemifloxacin is rapidly absorbed with a time to max-
imum plasma concentration (Tmax) of 0.5-2 h in healthy subjects
and displays linear pharmacokinetics over the dosage range stud-
ied (20-800 mg). The long terminal phase half-life (¢, ) is 8 h after
single or repeated administration. Approximately 20-30% of the
administered dose is excreted unchanged in the urine and plasma
protein binding of gemifloxacin is about 70% [9,10].

A few analytical methods have been published for quan-
tification of gemifloxacin in human plasma using liquid
chromatography-mass (LC/MS) [9-11] and -mass/mass
(LC/MS/MS) [12]. However the LC/MS machine is quite expen-
sive and not readily available in the most clinical, bioanalytical,
educational research laboratories.

A method was described by Rote and Pingle [13] for the deter-
mination of gemifloxacin in spiked human plasma using liquid
chromatography with UV detection. The calibration range was
30-600 ng mL~! using liquid/liquid extraction.

Liquid chromatographic methods with fluorescence detection
(HPLC-FL) were developed for the determination of gemifloxacin in
human serum and urine using a reversed phase, and liquid-liquid
extraction (unpublished data) [9,10].

To the best of our knowledge, the following validation parame-
ters: linearity, precision, accuracy, recovery and stability have not
been reported combined in a single gemifloxacin HPLC-FL method
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Fig. 1. The chemical structure of: (A) gemifloxacin and (B) ciprofloxacin (IS).

with its clinical application. So we developed a simple, rapid,
sensitive and selective HPLC-FL method for the quantification of
gemifloxacin in human plasma. The plasma sample containing the
drug and IS was ultrafiltrated and the supernatant was injected
into analytical column without any further clean up. The drug and
internal standard were detected at 269 and 393 nm for excita-
tion and emission, respectively. The lower limit of quantification
is 25 ngmL-! using 500 L of human plasma, with lower limit of
detection of 10 ng mL~!. The total run time was ~8 min. The method
proved very robust and was successfully applied for the analysis of
clinical samples from male volunteers dosed with gemifloxacin.

2. Experimental
2.1. Chemicals and reagents

Gemifloxacin mesylate (purity>99.0%) and ciprofloxacin
hydrochloride (purity > 99.0%) were purchased from Sigma chem-
ical (St. Louis, MO, USA). Deionized water was purified using
cartridge system (Picotech water system, RTP, NC USA). Acetoni-
trile and ethanol were of HPLC grade (BDH, England). Trifluoro
acetic acid was of analytical grade (Riedel-deHaen, Germany).

2.2. Apparatus

The LC system consisted of a water binary pump, model 1525
(Milford, MA, USA), equipped with a fluorescence detector model
2487, an autosampler model 717. Waters solvent delivery system
was used to operate the isocratic flow. The data was collected with
Millennium software (version 4.0) for data acquisition analysis. The
chromatographic separations were performed using a symmetry
LC-18 stainless steel column (150 mm x 3.9mm, 5 wm) coupled
with a symmetry Cqg-sentry guard column (20 mm). Micron®
(ultracell centrifugal filter paper Millipore cooperation MAO 1730,
USA).

2.3. Chromatographic conditions

The mobile phase was a mixture of 0.1% trifluoroacetic acid: ace-
tonitrile (80:20, v/v). The mobile phase was freshly prepared, then
filtered through a Millipore filter (pore size 0.45 pm) and degassed
continuously by an on-line degasser in the HPLC. Separation was
performed at room temperature using a 1.0mLmin~! flow-rate
and 8 min run time. The injection volume was 75 p.L and the detec-
tion wavelengths were set at 269 and 393 nm for excitation and
emission respectively.

2.4. Standard solution

Standard solutions preparation was conducted at room tem-
perature under subdued light (protected form direct light). The
solution were protected from light with aluminum foil wrapping
and stored at —70 °C. Gemifloxacin standard stock solution was pre-
pared in 50% ethanol in water to produce a final concentration of
1 mg mL~!. The working standard solution was prepared by diluting

1.0 mL of stock solution into 10 milliliters measuring flask with 50%
ethanol in water to give a 100 wg mL~! concentration. The internal
standard (IS), ciprofloxacin stock solution was prepared in deion-
ized water to produce a concentration of 1.0 mgmL~!. Ten mL of
this stock solution was diluted to 100 mL with sodium dihydrogen
phosphate buffer to produce a working solution of 100 wgmL-1.

2.5. Sample processing

Fifty microliters of ciprofloxacin (IS, 100 wg mL~'), were added
to 500 uL plasma sample in a 1.5mL micro centrifuge tube
(Eppendorf) thoroughly vortex-mixed for 30s, then 450 pL sam-
ple was transferred to an ultrafiltration tube and centrifuged at
15,000 r.p.m. for 10 min. Aliquot of the ultrafiltrate were loaded
in the autosampler tray and 75 WL of this sample was injected onto
the analytical column.

2.6. Bioanalytical method validation

The described method was validated in terms of linearity, limit
of detection (LOD), limit of quantification (LOQ), recovery, speci-
ficity, stability, precision and accuracy according to international
guidelines regarding bioanalytical method validation [14-16].
Limit of detection and LOQ were calculated from the residual stan-
dard deviation of the regression line () of the calibration curve and
its slope (S)in accordance to the following equations: LOD = 3.3 (§/S)
and LOQ=10 (§/S).

2.6.1. Calibration and control samples

Appropriate volumes of gemifloxacin working standard solution
(100 wg mL~1) were added to drug-free human plasma (20 mL) to
prepare eight non-zero standard drug concentration (25, 50, 150,
300, 600, 1500, 3000 and 5000 ng mL-'), and five quality control
concentrations (25, 75,750, 2500 and 4000 ng mL~1). Standard drug
concentrations used for the preparation of the calibration curves
were different from those employed in the quality control studies.
A calibration curve was constructed from blank plasma sample, a
zero sample (a plasma spiked with IS) and eight non-zero samples
covering the total range (25-5000 ng mL~1), including lower limit
of quantification (LLOQ).

Eachvalidation run consisted of system suitability sample, blank
sample, a zero sample (a plasma processed with IS) calibration
curve consisting eight non-zero samples covering the total range
(25-5000 ng mL~1) and quality control samples at five concentra-
tion (n=6, at each concentration). Such validation samples were
generated on six consecutive days. Calibration samples were ana-
lyzed from low to high concentration at the beginning of each
validation run and the other sample were distributed randomly
through the run. The calibration curve had a correlation coefficient
(r) of 0.9988.

2.6.2. Human plasma applications
Five healthy volunteers participated in this study to support the
applicability of the developed method to quantify gemifloxacin for
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pharmacokinetic purpose in bioequivalence and/or bioavailability
studies. The volunteers were administered a single dose of Factive®
tablets equivalent to 320 mg gemifloxacin/tablet (Oscient Pharma-
ceuticals, USA) under fasting conditions. Blood samples were drawn
before drug administration and at 0.33, 0.66, 1.33, 1.66, 2.00, 2.5,
3.0,3.5,4.0,5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 16.0, 24.0, 36.0 and 48.0h
after drug administration. After centrifugation, plasma samples
were separated and immediately stored in a freezer at a nominal
temperature of —70°C pending analysis.

2.6.3. Specificity

To evaluate the specificity of the method, drug free plasma sam-
ples were carried through the assay procedure and the retention
time of the endogenous compounds in plasma were compared with
those of gemifloxacin (25 ng mL~1) or internal standard. Specificity
of the method was assessed to test the matrix influence between
different plasma samples.

2.6.4. Recovery

The absolute recovery of gemifloxacin was evaluated by com-
paring drug peak area of the spiked analyte samples to unrestricted
analyte of stock solution that has been injected directly into an
HPLC system. The assay absolute recovery for each compound, at
each concentration, was computed using the following equation:
absolute recovery =(peak area of extract/mean peak area of direct
injection) x 100, and relative recovery = (conc. of extract/theoretical
conc.) x100.

2.6.5. Accuracy and precision

Within-batch accuracy and precision evaluations were per-
formed by repeated analysis of gemifloxacin in human plasma.
The run consisted of a calibration curve plus six replicates of each
LLOQ, low, medium and high quality control samples. Between-
batch accuracy and precision were assessed by analysis of samples
consisting of a calibration curve and six replicates of LLOQ, low,
medium and high quality control samples for gemifloxacin on three
separate days. The overall precision of the method expressed as rel-
ative standard deviation and accuracy of the method expressed in
term of bias (percentage deviation from true value).

2.6.6. Stability

The bench-top stability was examined by keeping replicates of
the low and high plasma quality control samples at room temper-
ature for approximately 6 h. Freeze-thaw stability of the samples
was obtained over four freeze-thaw cycles, by thawing at room
temperature for 6 h and refrozen for 12-24 h. Auto-sampler sta-
bility of gemifloxacin was tested by analysis of processed and
reconstituted low and high plasma quality control samples, which
were stored in the auto-sampler tray for 24 h at 8°C. Long-term
stability of gemifloxacin in human plasma was tested after storge
at approximately —70°C for 90 days. For each concentration and
each storage condition, six replicates were analyzed in one ana-
lytical batch. The concentration of gemifloxacin after each storage
period was related to the initial concentration as determined for
the samples.
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Fig. 3. Chromatogram resulting from (A) the analysis of volunteer sample at zero time, (B) volunteer sample obtained at 1.33 h after oral administration of 320 gemifloxacin

tablet.

2.6.7. Ruggedness and robustness

The ruggedness of the HPLC method was evaluated by carrying
out the analysis using two different analyst (operator) and differ-
ent instruments on different days. The robustness of the method
is demonstrated by the variation of different condition affecting on
chromatographic resolution in the HPLC method were also studied.

3. Results and discussion
3.1. Separation

Fig. 2 shows the representative chromatograms of blank plasma
(A), and blank plasma with internal standard and gemifloxacin
(B). Fig. 3 shows the chromatograms of volunteer sample after
oral administration of 200 mg dose of gemifloxacin Factive® after
zero time (A) and after 1.33 h (B). The analytes were well sepa-
rated from plasma samples after ultrafiltrated under the present
chromatographic conditions at retention times of ~3.3 min and
~6.5min for IS and gemifloxacin respectively. The total run time
was ~8 min. The peaks were of good shape, completely resolved
one from another at therapeutic concentration of gemifloxacin.
Ultra filtration process of plasma sample was sufficient to isolate
the gemifloxacin and ciprofloxacin from plasma without any inter-
fering endogenous peaks at 269 nm and 390 nm for excitation and
emission, respectively.

3.2. Method validation

The peak area ratio of gemifloxacin to IS in human plasma was
linear with respect to the analyte concentration over the range
25-5000ng mL~!. The mean linear regression equation of cali-
bration curve for the analyte was y=0.0013 (£0.0004) x+0.0491
(£0.0033), where y was the peak area ratio of the analyte to the
IS and x was the concentration of the analyte. The correlation
coefficient (r) for the gemifloxacin was 0.9988 (+0.003) over the
concentration range used. The lower limit of quantification, the
lowest concentration of the standard curve which can be measured
with acceptable accuracy and precision for the analyte from the
normal human plasma was 25 ng mL~!. The lower limit of detection
was 10ng mL-1. The limit of detection and LOQ were determined
at 3 and 10 times the base-line noise, respectively following the
United States of pharmacopoeia procedure [17]. Table 1 summa-
rizes the back-calculation of gemifloxacin concentration of the
calibration standards in human plasma. The precision for the ana-
lyte covering the concentration range of 25-5000 ng mL~! ranged
from 1.59 to 7.29 % and the relative error was between 1 and 8.0 %.

3.2.1. The precision and accuracy

The precision and accuracy at the LLOQ and at low, medium
and high concentration of gemifloxacin in plasma were within
the acceptable limits (Table 2). Within- and between days rel-



114 B.M.H. Al-Hadiya et al. / Talanta 83 (2010) 110-116

Table 1
Data of back-calculated gemifloxacin concentration of the calibration standards in
human plasma.

Nominal Mean? Standard Precision (%) Accuracy (%)
concentration deviation (SD)
(ngmL-1)
25 25.27 1.71 6.76 101.09
50 51.29 3.74 7.29 102.58
150 162.69 5.60 3.44 108.46
300 311.13 7.46 2.00 103.71
600 645.93 12.83 1.99 107.66
1500 1546.86 41.99 2.66 103.12
3000 3173.40 50.44 1.59 105.78
5000 5107.01 168.63 3.30 102.14

2 Average of six determinations.

ative standard deviation (precision, % CV) were less than 1.59
and 7.29%. Within- and between days relative errors were less
than 4.52 and 7.22% respectively. Accuracy was expected as
percent error (relative error) [(measured concentration—spiked

concentration)/spiked concentration] x 100, while the precision
was quantitated by calculating within and between days % CV val-
ues (Table 3).

3.2.2. Specificity

There were no interfering peaks present in six different ran-
domly selected samples of drug free human plasma used for
analysis at the retention times of either analyte or internal standard
(Figs. 2(a) and 3(a)).

3.2.3. Stability

Stock solution of the gemifloxacin and the internal standard
were prepared in 20% aqueous methanol. The solution was stable
for at least 1 month when stored at —70 °C. Stability of plasma sam-
ples were performed as described earlier in the text (Tables 4 and 5
show short and long stability). Four freeze-thaw cycle (Table 6)
and 6 h room temperature storage for low and high quality con-
trol samples indicated that gemifloxacin was stable in the human
plasma under the experimental condition. QC sample were stable

Table 2
Data of intra- and inter-day accuracy and precision of gemifloxacin QC samples.
Day of analysis Gemifloxacin measured concentration in human plasma
LLOQ 25 (ngmL~") QC-175(ngmL1) QC-2 750 (ngmL~') QC-3 2500 (ngmL~1) QC-4 4000 (ngmL-1)
Day 1 28.69 77.82 662.47 2514.04 3864.58
27.98 75.48 728.81 2281.58 3649.00
24.32 78.59 718.26 2276.29 4431.40
30.00 68.93 697.83 2661.21 4368.64
24.43 74.30 789.04 2520.82 4337.95
26.30 65.20 729.71 2604.00 4237.96
Day 2 26.83 73.06 720.36 2521.67 4414.21
22.43 68.16 672.66 2419.56 4475.12
24.00 78.15 778.56 2661.09 4209.90
26.51 79.14 764.96 2676.75 4088.15
26.01 65.32 788.42 2651.59 4289.07
24.21 86.25 750.17 2373.83 4409.06
Day 3 26.09 76.83 745.15 2491.56 4263.64
24.86 69.04 744.25 2554.21 3497.33
27.41 72.12 772.09 2484.39 4168.59
25.89 71.69 767.80 2626.63 3607.11
24.42 74.70 743.10 2435.73 3877.38
24.34 72.52 764.98 2514.35 3706.96
Mean 25.86 73.94 734.55 2514.64 4072.08
Standard deviation (SD) 1.87 7.91 40.78 113.66 293.82
Precision (CV) (%) 7.22 6.64 5.55 4.52 7.22
Accuracy 103.42 98.58 97.94 100.59 101.80
Table 3
Data of relative recovery of gemifloxacin.
Sample no. QC-175(ngmL™1) QC-2 750 (ngmL~") QC-3 2500 (ngmL-1) QC-4 4000 (ngmL-1)
Found R (%) Found R (%) Found R (%) Found R (%)
Mean® 77.83 103.78 7741 103.2 2491.91 99.68 4004.90 100.12
Standard deviation (SD) 2.57 343 15.04 2.00 126.82 5.07 154.79 3.87
Precision (CV) (%) 33 33 1.94 1.94 5.09 5.09 3.86 3.86

2 Relative recovery.
b Average of six determinations.

Table 4

Data of short-term stability for gemifloxacin plasma sample at four QC levels.
Sample no. QC-175(ngmL™") QC-2 750 (ngmL~1) QC-3 2500 (ngmL-1) QC-4 4000 (ngmL-1)

Initial 6hat25°C Initial 6hat25°C Initial 6hat25°C Initial 6hat25°C

Mean? 74.53 73.67 715.08 721.25 2513.70 2516.85 3972.47 4255.28
Standard deviation (SD) 3.82 4.04 48.38 36.60 93.30 98.65 205.00 92.30
Precision (CV) (%) 5.13 5.48 6.77 494 3.71 3.92 5.16 217
Accuracy (%) 99.38 98.23 95.34 96.17 100.55 100.67 99.31 106.38
Stability (%) 98.85 100.87 100.13 107.12

2 Average of six determinations.
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Table 5
Data of long-term stability for gemifloxacin plasma sample at four QC levels.

Sample no. QC-175(ngmL") QC-2 750 (ngmL-1)
Initial 28-days at —70°C 90-days at —70°C Initial 28-days at —70°C 90-days at —70°C
Mean? 74.53 76.82 76.41 715.08 774.82 752.21
Standard deviation (SD) 3.82 213 1.11 48.38 23.65 16.07
Precision (CV) (%) 5.13 2.78 1.45 6.77 3.05 2.14
Accuracy (%) 99.38 102.43 101.88 95.34 103.31 100.29
Stability (%) 103.07 102.52 108.35 105.19

Sample no. QC-3 2500 (ngmL-1) QC-4 4000 (ngmL-1)

Initial 28-days at —70°C 90-days at —70°C Initial 28-days at —70°C 90-days at —70°C
Mean? 2513.70 2522.42 2571.36 3972.47 4053.47 4035.09
Standard deviation (SD) 93.30 59.98 62.50 205.00 192.42 89.03
Precision (CV) (%) 3.71 2.38 243 5.16 475 221
Accuracy (%) 100.55 100.90 102.85 99.31 101.34 100.88
Stability (%) 100.35 102.29 102.04 101.58

2 Average of six determinations.

Table 6
Data of freeze and thaw stability of gemifloxacin plasma sample at four QC levels.

Sample No. QC-175(ngmL1) QC-2 750 (ngmL~1) QC-3 2500 (ngmL-1) QC-4 4000 (ngmL-1)
Initial 4th cycle Initial 4th cycle Initial 4th cycle Initial 4th cycle
Mean? 74.53 73.67 715.08 721.25 2513.70 2516.85 3972.47 4255.28
Standard deviation (SD) 3.82 4.04 48.38 36.60 93.30 98.65 205.00 92.30
Precision (CV) (%) 5.13 5.48 6.77 4.94 3.7 3.92 5.16 217
Accuracy (%) 99.38 98.23 95.34 96.17 100.55 100.67 99.31 106.38
Stability (%) 98.85 100.87 100.13 107.12
2 Average of six determinations
Table 7

for at least 90 days if stored at approximately —70°C (Table 5).
Auto-injector stability of the samples is also mentioned in Table 4.
Results indicate that the samples were stable when kept in the
auto-injector for up to 6 h at room temperature (25 °C).

3.2.4. Clinical application

The developed HPLC method has been successfully used to
quantification of the gemifloxacin concentration in human plasma
samples after oral administration of gemifloxacin. Clinical plasma
samples of volunteers were analyzed with own calibration curve
and QC samples as one batch in a single analytical run. The stan-
dard calibration curve, including blank sample and standard zero
samples, was used to determine the sample concentrations in the
unknown clinical samples. QC samples (at each of low, medium and
high concentrations) were analyzed together with the unknown
clinical samples and were allocated judiciously taking into con-
sideration the estimated drug level through the batch, in order to
detect any analytical drift.

Fig. 4 shows the plasma concentration time profile of gemi-
floxacin (ngmL-!) after administrating oral single dose of
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Fig. 4. Mean concentrations-time profile of gemifloxacin following oral adminis-
tration one Factive® tablet (320 mg) to five health male volunteers.

Pharmacokinetic parameters of gemifloxacin in five healthy male adults after oral
administration of a single dose (320 mg) of Factive® Tablets.

Parameter? Mean +SD
AUCo_,; (nghmL~") 9564 + 2914
AUCo_,o (nghmL-1) 9874 + 2951
Cmax (ngmL-1) 1746 + 302
Tmax (h) 1.396 + 0.247
Ke (h71) 0.129 + 0.047
ti (h71) 6.169 + 2.220
AUC_+/AUCy_, » 0.967 + 0.011

2 AUCo_(, area under the plasma concentration-time curve from time O to time
t; AUCo_., area under the plasma concentration-time curve from time 0 to infin-
ity; Cmax, peak plasma concentration; Tpmax, time to peak plasma concentration; Ke,
elimination rate constant; t,, elimination half life.

320 mg/tablet to five health adult male subjects under fasting con-
dition. Table 7 shows the calculated pharmacokinetic parameters
(AUCo_,t, AUCo_, o, Cmax, Tmax, Kel, t1j2 and AUC o_,¢/AUC o_,o) of
gemifloxacin in these subjects. Therefore, the present developed
HPLC assay method could be successfully applied to the determina-
tion of gemifloxacin in several pharmacokinetic studies conducted
in any institution. The terminal phase of gemifloxacin in the study
was well characterized and the analytical assay was able to detect
low concentrations at the end of the plasma concentration- time
profile.

4. Conclusion

The developed HPLC method of analysis provided a reliable,
reproducible and specific assay for gemifloxacin in human plasma.
The method described here is sensitive enough to detect as low
as 10ngmL-'. The validation method allows quantification of
gemifloxacin in biological plasma samples for the purpose of bioe-
quivalence study was linear from 25 to 5000 ng mL~'. Compared to
previously reported methods, the present assay method assessed



116 B.M.H. Al-Hadiya et al. / Talanta 83 (2010) 110-116

extensive validation parameters as per FDA guideline. The method
has shown acceptable precision, accuracy and adequate sensitiv-
ity for use in the clinical pharmacokinetic studies and deems to be
suitable for use in all laboratories equipped with sophisticated or
unsophisticated instruments.
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