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a b s t r a c t

Two simple, rapid, sensitive and economic chromatographic methods have been developed for determi-
nation of gemifloxacin mesylate in human plasma by using internal standard. First method depends on
reverse phase high performance liquid chromatography. The plasma sample was extracted using chloro-
form:acetic acid (5.4:0.1, v/v). A concentration range from 30 to 600 ng/ml was used for calibration curve.
The percent recovery of gemifloxacin mesylate was found to be 80.06–84.88. The mobile phase used con-
sist of methanol:sodium acetate (1%):ortho phosphoric acid (65:35:0.5, v/v/v) with pH 2.1 and flow rate
0.8 ml/min in isocratic mode. The separation was carried out by UV-detector at wavelength 263 nm. Sec-
ond method depends on high performance thin layer chromatography. The plasma sample was extracted
uman plasma
iquid–liquid extraction

using chloroform:acetic acid (5.9:0.1, v/v). A concentration range from 50 to 600 ng/spot was used for cal-
ibration curve. The percent recovery of gemifloxacin mesylate was found to be 80.01–86.17. The mobile
phase used consists of ethyl acetate:methanol:ammonia (8.0:4.0:3.0, v/v/v). Densitometric analysis was
carried out at wavelength 254 nm. The Rf values for gemifloxacin mesylate and linezolide were 0.33 ± 0.03

ly. Th
◦C), o
tudy
and 0.69 ± 0.03 respective
freeze–thaw cycles (−20
by performing recovery s

. Introduction

Gemifloxacin mesylate (R, S)-7(3-aminomethyl-4-syn-
ethoxyimino-1-pyrrolidinyl)-1-cyclopropyl-6-fluro-1,4

ihydro-4-oxo-1,2 naphthyridine-3-carboxylic acid is a new
uroquinolone antibacterial compound with enhanced affinity

or bacterial topoisomerase IV and it is used for the treatment of
espiratory and urinary tract infection. The compound has broad
pectrum of activity against gram-positive and gram-negative
acteria [1]. The literature survey revealed that analytical methods
eported for the estimation of gemifloxacin mesylate include rapid
etermination in human plasma by HPLC–MS-MS [2,3] microchip
lectrophoresis [4]. Gemifloxacin mesylate is not official in any
harmacopoeia.

No method has been reported for determination of gemifloxacin
esylate in human plasma by HPTLC using liquid–liquid extrac-

ion (LLE). For HPLC the extracting solvent is different than that of
eported method, chloroform:acetic acid (5.5:0.1, v/v) was used as
xtracting solvent.
The proposed research work describes the estimation of gemi-
oxacin mesylate in human plasma by RP-HPLC and HPTLC using
ydrochlorothiazide and linezolide (Fig. 1) as an internal standards
5–11].

∗ Corresponding author. Tel.: +91 9579574199; fax: +91 2532511931.
E-mail address: roteambadas@gmail.com (A.R. Rote).

570-0232/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2009.08.013
e stability of gemifloxacin mesylate in plasma was confirmed during three
n bench during 12 h. The proposed method was validated statistically and
for determination of gemifloxacin mesylate in human plasma.

© 2009 Elsevier B.V. All rights reserved.

A widely used technique of quantitation involves the addition
of an internal standard to compensate for various analytical errors.
In this approach, a known compound of a fixed concentration is
added to the known amount of samples to give separate peaks
in the chromatograms to compensate for the losses of the com-
pounds of interest during sample pretreatment steps. It must have
a completely resolved peak with no interferences; it must not
be present in the original sample. It must be stable, uncreative
with sample components, column packing and the mobile phase.
For RP-HPLC hydrochlorothiazide is used as an internal standard
showing no significant interference at the retention time of the
analyte. Retention time of hydrochlorothiazide and gemifloxacin
mesylate was 4.6 and 6.1 min. For HPTLC linezolide was chosen as
internal standard as it dose not interfere with the peak area of gemi-
floxacin mesylate and there was good resolution between gemi-
floxacin mesylate (Rf = 0.33 ± 0.03) and linezolide (Rf = 0.69 ± 0.03)
[12].

2. Materials and methods

2.1. Instrumentation
A HPLC Knauer with Chromgate software version 3.1 having
binary pumps Smartline-1000-1 and Smartline-1000-2 and detec-
tor Smartline-UV-2600 variable wavelength programmable was
used. The analytical column employed was Eurosphere-100 C18

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:roteambadas@gmail.com
dx.doi.org/10.1016/j.jchromb.2009.08.013
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Fig. 1. Structure of gemifloxacin mesylat

250 mm × 4.6 mm × 5 �) supplied by Knauer, Berlin, Germany. The
orking temperature was 25 ◦C.

HPTLC Camag with precoated silica gel Plate 60F254
20 cm × 10 cm) 250 �m thicknesses (E. Merck, Darmstadt,
ermany) was used as stationary phase. Sample application was
one by using Camag 100 �l syringe and Camag Linomat V applica-
or. The sample was sprayed in the form of narrow bands of 8 mm
ength at a constant rate 2 �l/s. Linear ascending development was
arried out in 20 cm × 10 cm twin trough glass chamber (Camag,
uttenz, Switzerland). The densitometric scanning was performed

y using Camag TLC scanner III supported by win CATS software
V 1.4.2.8121 Camag). Evaluation of chromatogram was done by
sing peak areas.

.2. Chemicals

Gemifloxacin mesylate and hydrochlorothiazide (Ajanta
harma, Paithan, Maharashtra, India), linezolide (Matrix Pharma
td., Sinner, Maharashtra, India) were received having 99.80%,
8.70% and 100.1% purity respectively. They were used as such by
ithout checking their purity. The HPLC grade methanol and water
ere purchased from Qualligens Fine Chemicals, Mumbai, India.
nalytical Reagent grade sodium acetate and ortho phosphoric
cid were used. HPLC grade ethyl acetate was purchased from s d
ine Chem. Ltd., Mumbai, India. Human plasma used for research
ork was supplied by Arpan Blood Bank, Nashik, Maharashtra,

ndia.
.3. Preparation of stock solution and working standard solution

Stock solutions 1.0 mg/ml each of gemifloxacin mesylate,
ydrochlorothiazide and linezolide were prepared in methanol.
zolide (IS) and hydrochlorothiazide (IS).

The working standard solutions of 0.1 mg/ml of gemifloxacin mesy-
late and hydrochlorothiazide were prepared by further dilution of
stock solutions with mobile phase for HPLC. For HPLTC 0.1 mg/ml of
gemifloxacin mesylate and linezolide were prepared in methanol.

2.4. Preparation of plasma sample

For HPLC, in a 15 ml centrifuge tube 0.3, 1, 2, 3, 4, 5, 6 �l of
working stock solution of gemifloxacin mesylate was added to
drug-free plasma to provide calibration standards of 0 (no gemi-
floxacin mesylate added) 30, 100, 200, 300, 400, 500, 600 ng/ml
and 300 ng/ml of hydrochlorothiazide (internal standard) was kept
constant. The quality control (QC) samples were prepared in plasma
concentration range 100, 300 and 600 ng/ml. Protein precipitation
and extraction was carried out by using chloroform 5.4 ml and
acetic acid 0.l ml by vigorous vortex using remi mixer for 1 min and
centrifuged at 10,000 rpm at 6 min. The organic phase was recov-
ered and evaporated to dryness on hot plate. The residual mass was
reconstituted with 0.1 ml mobile phase. The analysis was carried on
RP-HPLC.

For HPTLC, in a 15 ml centrifuge tube 0.5, 2, 3, 4, 5, 6 �l of working
stock solution was added to drug-free plasma to provide calibra-
tion standards of 0 (no gemifloxacin mesylate added) 50, 200, 300,
400, 500, 600 ng/ml and 400 ng of linezolide (internal standard) was
kept constant. The quality control (QC) samples were prepared in
plasma in concentration range 200, 400, 600 ng. Protein precipi-
tation and extraction was carried out by using chloroform 5.9 ml

and acetic acid 0.l ml on by vigorous vortex using remi mixer for
1 min and centrifuged at 10,000 rpm at 6 min. The organic phase
was recovered and evaporated to dryness on hot plate. The resid-
ual mass was reconstituted with 0.1 ml methanol. The analysis was
carried on HPTLC.
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.5. Chromatographic condition

Mobile phase used was mixture of methanol:sodium acetate
1%):ortho phosphoric acid (65:35:0.5, v/v/v). The pH of final mix-
ure was adjusted to pH 2.1. The mobile phase was degassed prior
o use under vacuum by filtration through Nylon 66 membrane of
7 mm size and 0.45 �m thickness. Flow rate of 0.8 ml/min was
pplied throughout analysis with 20 �l injection. The detector was
et at 263 nm.

For HPTLC the mobile phase was selected as mixture of ethyl
cetate, methanol and ammonia in the ratio of (8.0:4.0:3.0, v/v/v)
or the development of plates. Time for chamber saturation was
ptimized to 20 min. The length of chromatographic development
as 70 mm. The densitometric scanning was performed at 254 nm.

.6. Method validation

The method was validated for sensitivity, selectivity, precision,
ccuracy, linearity, recovery and stability. The validation of the
ethod was based on FDA guidelines and on standard bioanalyti-

al method validation recommendation. The selectivity of method
as investigated by analyzing six blank plasma samples. Each blank

ample was tested for interference using proposed extraction pro-
edure. Five replicate of three QC sample low, mid and high were
sed for the determination of precision and accuracy. Intra-day
nd inter-day precision were carried out. Precision and accuracies
howed 15% relative standard deviation (RSD) from nominal values,
t LLOQ these were both 20%.

The recovery of gemifloxacin mesylate was calculated by com-
arison of the peak areas of low, mid, and high quality control
ample (100, 300 and 600 ng/ml respectively) prepared in plasma
extracted) with unextracted gemifloxacin mesylate in mobile
hase for HPLC and for HPTLC by using peak areas of low, mid, high
uality control sample (200, 400 and 600 ng/spot respectively) in
imilar manner.

Stability experiments were undertaken to detect degradation of
emifloxacin mesylate under certain condition. The stock solution
tability of gemifloxacin mesylate was examined at room tem-
erature for 6 h. Freeze–thaw stability was determined at two QC
oncentrations (low, high) after freezing (−20 ◦C) and thawing for
hree cycles and compared with nominal value. Bench-top stability
as assessed for low and high QC samples by comparing with nom-

nal value which stored at room temperature for 12 h. The effect of
torage within the auto-sampler was assessed by comparing QC
amples injected immediately after preparation with those left in
uto-sampler for 48 h.

. Result and discussion

.1. Extraction procedure optimization

One of the most difficult parts during the method development
as to achieve a high and reproducible recovery from the sol-

ent which is used for extraction of the drug. Different solvents
ere tried for the extraction of gemifloxacin mesylate from human
lasma. First 5 ml each of methanol, hexane and toluene were tried
or the precipitation of plasma but the recovery was very less up
o 40–50% because of less precipitation of protein from plasma.
thyl acetate was also tried up to 5.5 ml. It gave 60–70% of recov-

ry because of less precipitation of protein from plasma. At the last
hloroform was tried and 75–80% of recovery was obtained. It was
ound that the addition of acetic acid (0.1 ml) increases the precip-
tation of protein and also the recovery which is reproducible and
igh as compare to other solvents. So chloroform and acetic acid
as kept as final solvent for extraction.
Fig. 2. Chromatogram of gemifloxacin mesylate 100 ng/ml (retention time = 6.1) and
hydrochlorothiazide (internal standard) 300 ng/ml (retention time = 4.6).

3.2. Optimization of chromatographic condition

For HPLC the method demonstrated excellent chromato-
graphic specificity with no endogenous plasma interference
at the retention times of gemifloxacin mesylate and internal
standard (hydrochlorothiazide), representative chromatogram of
plasma spiked with gemifloxacin mesylate with internal standard
(hydrochlorothiazide) are shown in Fig. 2. Gemifloxacin mesylate
and IS were well resolved with good symmetry and retention time
of 4.6 and 6.1 min. Analytical run time of 8 min was obtained which
is less than other reported method.

Initially plain methanol and water was used but splitting of peak
was observed for both the drugs. Then methanol and water was
mixed in the ratio (50:50, v/v) in that broad peaks were observed
with less resolution. The ratio of methanol and water was changed
to (80:20, v/v). By using this mobile phase broad peaks with
increased resolution were observed so again ratio was changed.
Methanol and water were used in proportion of (65:35, v/v) respec-
tively. Resolution was increased and broadening was minimised by
addition of 0.5 ml ortho phosphoric acid and by changing the pH of
the mobile phase from pH 2 to 2.5. At this situation both drugs were
showing typical peaks at flow rate of 0.6/ml. A small negative peak
was observed which was minimised by addition of sodium acetate
(1%). So ratio of methanol:sodium acetate:ortho phosphoric acid
(65:35:0.5, v/v/v) was selected as final mobile phase. For validation
purpose flow rate of 0.6/ml, wavelength of detection 263 nm and
working temperature 25 ◦C were used.

For HPTLC initially plane solvents like methanol, toluene, hex-
ane, and ethyl acetate were tried. The spots were developed
with methanol and ethyl acetate but tailing was observed. Then
methanol and ethyl acetate in the ratio (8:2, v/v) was used but
the distance traveled by the developed spots was high at sol-
vent front and tailing was also observed. Then ethyl acetate and
methanol in the ratio (2:8, v/v) was tried. In this condition Rf
values were reduced and good resolution was obtained. The pro-
portion of methanol was increased by 2 ml and the Rf of both drugs
were satisfactory but peaks were not symmetrical and tailing was
observed. The tailing was reduced by addition of ammonia. So
acetic acid was replaced by using 3 ml ammonia. The symmetri-
cal peaks were observed. Ultimately mobile phase used consisted
of ethyl acetate:methanol:ammonia (8:4:3, v/v/v) which gave good
resolution of peaks for both drugs gemifloxacin mesylate and inter-
nal standard (linezolide) in plasma at 254 nm. Fig. 3 shows the
densitogram of spiked plasma with gemifloxacin mesylate and IS

(linezolide). The Rf values for gemifloxacin mesylate and linezolide
were 0.33 ± 0.03 and 0.69 ± 0.03 respectively. Well defined spots
were obtained when plate was activated at 110 ◦C for 20 min and
the chamber was saturated with the mobile phase for 20 min at
room temperature.
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3.8. Stability

In stock solution stability the low and high QC sample were
thawed and left at room temperature for 6 h. Comparison of the
results for QC sample (low and high) with freshly prepared stock

Table 2
Precision of gemifloxacin mesylate in human plasma.
ig. 3. Densitogram of gemifloxacin mesylate 400 ng/spot (Rf = 0.33 ± 0.03) and line-
olide (IS) 400 ng/spot (Rf = 0.69 ± 0.03).

.3. Calibration curves

The seven point calibration curve was constructed by plot-
ing the peak response ratio of gemifloxacin mesylate to IS versus
oncentration of gemifloxacin mesylate in plasma. For HPLC the
ean equation of calibration curve consisting of seven point is
= 0.00430x + 0.0341. Where y represents the ratios of peak area of
emifloxacin mesylate to that of IS and x represents the plasma con-
entration of gemifloxacin mesylate. Correlation coefficient 0.9989
onfirmed that the calibration curve was linear over the concentra-
ion range 0.3–6 �l/ml. For HPTLC correlation coefficient is 0.9952
nd linearity was found over the range 0.5–6 �l/ml. Regression
quations for standard curve was y = 0.173x − 75.09. The lower limit
f quantification was defined as lowest concentration in the calibra-
ion curve. The gemifloxacin can be determined at LLOQ 0.3 �l/ml
or RP-HPLC and 0.5 �l/ml for HPTLC.

.4. Recovery

Absolute recovery was calculated by comparing peak areas
btained from freshly prepared sample extracted with unextracted
tandard solutions of the same concentration. Recovery data was
etermined in triplicates at three concentrations (low, mid, high)
s recommended by the FDA guidelines [13]. The recovery of gemi-
oxacin for RP-HPLC, determined at the three concentrations 100,
00, 600 ng/ml (low, mid, high concentration) were found to be
2.42, 84.88 and 80.06%. For HPTLC recovery at the three concen-
rations 200, 400, 600 ng/spot were found to be 86.17, 84.75 and
0.01% (Table 1).

.5. Precision and accuracy
Precision of the method was determined by repeatability (intra-
ay) and intermediate precision (inter-day) and accuracy for set
f quality control (QC) sample (low, mid, high) in replicate (n = 5).
he inter-day and intra-day precision and accuracy for the gemi-

able 1
esult of recovery of gemifloxacin mesylate in human plasma.

Method Concentration Recovery (%) RSD (%)

RP-HPLC 100 (ng/ml) 82.42 4.89
300 84.88 1.90
600 80.06 1.94

HPTLC 200 (ng/spot) 86.17 2.560
400 84.75 1.678
600 80.01 2.843

SD: relative standard deviation.
r. B 877 (2009) 3719–3723

floxacin evaluated by assaying the QC samples (low, mid, high)
(n = 5) in (%RSD). In this assay the intra-run precision was found
to be in the range of 1.29–5.88% and the inter-run precision was
0.98–2.60%. The accuracy was within 1.10–2.67%. The above val-
ues were within the acceptable range, it shows that the methods
are accurate and precise. For HPTLC intra-run precision was found
in the range of 3.5–9.2% and the inter-run precision was 1.75–4.5%
and the accuracy was within the range 0.83–19.1%. The low percent
relative standard deviation (%RSD) and percent relative error (%RE)
were within the acceptable limit. The results of inter-day, intra-day
precision and accuracy for the gemifloxacin mesylate are shown in
Table 2.

3.6. Sensitivity and selectivity

Selectivity or specificity should be assessed to show that the
intended analytes are measured and that their quantitation is not
affected by the presence of the biological matrix. For RP-HPLC Fig. 2
shows the typical chromatograms of gemifloxacin mesylate spiked
with plasma. There was no significant interference observed at the
retention time of the analyte. In HPTLC method by LLE as shown
in Fig. 3, there is no any interference of the biological matrix in
the quantitation of gemifloxacin mesylate there was no changes in
retention time of gemifloxacin mesylate, the method is selective.
Sensitivity of the method is defined as the lowest concentration
that can be measured with an acceptable limit of accuracy and pre-
cision which is lower than 20% [14]. The accuracy and precision
at lower limit of quantitation (LLOQ) analyzed by using five repli-
cate (n = 5) of the sample at the LLOQ concentration. The accuracy
is determined by %RE at this LLOQ concentration. The lower limit
of quantitation which could be detected was found to be 30 ng/ml
with CV = 1.70, %RE = 0.5 and %RSD 2.97 for HPLC and for HPTLC
lower limit of quantitation was found to be 50 ng/spot with CV = 2.1,
%RE = 2.3 and % SD 8.66 which is within acceptable limit.

3.7. Analysis speed

For RP-HPLC run time of analysis is 8 min so less time required
for analysis. In case of HPTLC 18 spot can be applied on one plate
so less time consuming.
Method Concentration SD (n = 5) %RSD % relative error

RP-HPLC
Intra-day 100 (ng/ml) 0.027 5.88 2.54

300 0.028 1.99 1.10
600 0.034 1.29 1.14

Intra-day 100 0.026 2.60 2.67
300 0.057 4.06 2.11
600 0.012 0.98 1.23

HPTLC
Intra-day 200 (ng/spot) 0.040 9.20 19.1

400 0.022 2.54 11.9
600 0.041 3.50 0.83

Inter-day 200 0.020 4.54 18.1
400 0.015 1.75 10.9
600 0.041 3.42 1.19

SD: standard deviation, RSD: relative standard deviation.
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Table 3
Stability study of gemifloxacin mesylate in human plasma.

Parameters RP-HPLC HPTLC

Concentration (ng/ml) SD (n = 3) CV (%) Concentration (ng/spot) SD (n = 3) CV (%)

Stability, short term (6 h)
Low 100 0.027 5.87 200 0.019 2.88
High 600 0.034 1.20 600 0.029 3.40

Freeze–thaw
Low 100 0.035 9.16 200 0.012 2.17
High 600 0.056 2.27 600 0.033 3.30

Bench top (12 h)
Low 100 0.031 7.48 200 0.032 3.10
High 600 0.109 4.56 600 0.021 2.29

Post-preparative
5.62
1.28
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iahb, Nanjan Moola Jogheeb, Suresh Bhojrajc, Iranian J. Pharm. Sci. 3 (3) (2007)
161.

[13] US Department of Health and Human Services, FDA Guidance for Industry:
Bioanalytical Method validation, US Department of Health and Human Services,
Rockville, MD, 2001.
Low 100 0.021
High 600 0.033

olution showed that there was no significant difference between
esponse of freshly prepared solution and sample of gemifloxacin
esylate after 6 h. Freeze–thaw stability was determined after two

reezes–thaw cycles for three replicate of low and high QC sample
or RP-HPLC and HPTLC. The samples were stored at −20 ◦C tem-
erature for 24 h. Then thaw at room temperature. No significant
ifference between freeze–thaw sample and freshly prepared sam-
le was observed. The result of stability experiments shows that no
ignificant degradation occurred at ambient temperature for 12 h
or bench-top stability. And also for the auto-sampler stability for
8 h after comparing with freshly prepared sample. Standard solu-
ion of gemifloxacin mesylate and IS was stable for 15 days at 4 ◦C.
esults of stability for both RP-HPLC and HPTLC methods are shown

n Table 3.

. Conclusion

The proposed RP-HPLC and HPTLC methods for the estimation of
emifloxacin mesylate in human plasma are selective and sensitive.
ensitivity of the method is suitable for handling various plasma
evels of the drug. The method is economical and faster than ear-
ier published methods. In future these methods can be used for
ioequivalence study.
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