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ABSTRACT

A simple, rapid reversed phase high performance liquid chromatographic method was developed and validated for
estimation of Gemifloxacin Mesylate in bulk and pharmaceutical dosage form. Optimum separation was achieved
at 8.58+0.03 min using an end-capped C18 column (250 mm X 4.6 mm i.d, 5u particle size) by isocratic elution
with a mixture of citric acid-sodium citrate buffer (pH 2.8): acetonitrile in the ratio of 70:30:(v/v) as mobile phase.
Column effluents were monitored at 267nm at a flow rate of 1mL/min.The method was validated for linearity,
accuracy, precision and specificity as per ICH guidelines. The developed and validated method was successfully
used for the quantitative analysis of commercially available dosage form. The calibration curve was linear over the
concentration range of 0.096-0.144 mg.mL™ for Gemifloxacin Mesylate. The LOD and LOQ values were found as
0.628 pg.mL™ and 1.90 ug.mL™ respectively. The high percentage of recovery confirms the suitability of the
method for the estimation of Gemifloxacin Mesylate in pharmaceutical dosage form.

KEYWORDS: Gemifloxacin Mesylate (GFM) tablets, Potency, RP-HPLC, Method validation.

INTRODUCTION

Gemifloxacin Mesylate (Fig. 1) is a synthetic broad-
spectrum antibacterial of fluoroquinolone class of
antibiotics is available as the mesylate salt in the
sesquihydrate form.! 1t is chemically described as
(R,S)-7[(42)-3-(aminomethyl)-4-(methoxyimino)-1-
pyrrolidinyl]-1-cyclopropyl-6-fluoro-1,4-dihydro-4-
oxo01,8-naphthyridine-3-carboxylic acid. It is used for the
treatment of acute bacterial exacerbations of chronic
bronchitis caused by susceptible  Streptococcus
pneumoniae, Haemophilusinfluenzae, H. parainfluenzae,
or Moraxella catarrhalis.?*!

The literature survey revealed only a few analytical
methods reported for Gemifloxacin Mesylate. It includes
spectrophotometric, % chemiluminescence,™"
spectrofluorimetry,™? HPLC,"** HPTLC, ™ LC-MS,2*
#1 and microbiological assay®® methods. Also
Sugumaran and Jotheeswari®® developed a RP-HPLC
method where they used acetonitrile and phosphate
buffer in mobile phase. And Gumustas and Ozkan!*®!
developed another LC-DAD method using HPLC grade
methanol and water in mobile phase. Again Panda et
al.” developed and validated a reverse phase Ultra Fast
Liquid Chromatographic method using methanol and
tetrabutylammonium hydrogen sulfate (TBAHS) in
mobile phase. So in case of all above HPLC methods,

methanol of HPLC grade were used sufficiently which
are very costly. In the present study, a successful attempt
was made to develop and validate a fast, simple, precise,
accurate and cost effective reversed phase HPLC method
using HPLC grade water in mobile phase instead of
methanol to quantify GFM in bulk, and its
pharmaceutical tablet dosage form.

Molecular formula C;9H,4FNsO;S. Molecular weight
485.49g
Fig. 1: Structure of Gemifloxacin Mesylate (GFM)

MATERIALS AND METHODS

Chemicals and reagents

Pharmaceutical grade of Gemifloxacin Mesylate INN
was obtained from Maithri Laboratories Pvt. Ltd.,
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(India). Excipients used in tablet formulation were
Microcrystalline Cellulose (PH 101),Maize Starch,
Povidon (K-30), Polacriline Potassium (KyronT-314),
Colloidal Silicon Dioxide, Magnesium Stearate and
Talcum Purified and they were of BP and/USP grade.
Water was obtained from double distillation in glass and
passage through a Milli-Q® System, Millipore, Milford,
MA, USA.

Instrumentation and Chromatographic condition

The analysis of the drug was carried out on Shimadzu
HPLC (Prominence LC 20) equipped with gradient
pump, PDA Detector, auto sampler and column oven.
The analysis was performed using end-capped ODS C-18
column with 250 x 4.6 mm internal diameter and 5 um
particle size. Sartorius electronic balance (CPA224S)
was used for weighing. Isocratic elution with citric acid-
sodium citrate buffer (pH-2.8):acetonitrile 70:30 (V/V)
was selected with a flow rate of 1.0 mL/min. The
detection wavelength was set at 267 nm with a runtime
12 min. The mobile phase was prepared freshly and it
was degassed by sonicating for 5 min before use. The
column was equilibrated for at least 30 min with the
mobile phase flowing through the system. The column
and the HPLC system were kept at ambient temperature.

Preparation of Standard Solution

Accurately weighed 60 mg of GFM working standard
was transferred into 50mL volumetric flask, and it was
sonicated to dissolve with mobile phase and volume was
made up to the mark with mobile phase. This solution
was treated as stock solution which contained 1.2 mg
GFM in each mL. Five (5) milliliter of GFM stock

Table 1: Optimized chromatographic conditions for GFM

solution was transferred to a 50 mL clean volumetric
flask and volume was made up to the mark with mobile
phase. The solution was then filtered through 0.45um
nylon membrane filter and degassed. Twenty microliter
(20 pL) of final solution was injected into the HPLC
system and chromatograms were recorded.

Analysis of tablets

Twenty (20) GFM tablets were grinded well to get fine
powder. A portion of the powder equivalent to 60 mg of
GFM was accurately weighed and transferred into a 50
mL volumetric flask. About 50 mL of mobile phase was
added and sonicated for 10 minute to dissolve it
completely and made up to the mark with mobile phase.
It was mixed well and filtered through 0.45um nylon
membrane filter. Further, 5 mL of the above solution was
pipetted into a 50 mL volumetric flask and diluted up to
the mark with mobile phase. The solution was filtered
through 0.45um nylon membrane filter and degassed.
Twenty microliter (20 L) of final solution was injected
into the HPLC system and chromatograms were
recorded.

Method development

The chromatographic condition was analysed with a
view to develop an assay method for GFM in
pharmaceutical dosage form. Detection was performed at
267 nm which was based on UV scan of sample. Using
end-capped ODS C-18 column different mobile phase
ratios of citric acid-sodium citrate buffer and acetonitrile
were run but the most selective peak was arrived by
using them in the ratio of 70:30 respectively. The final
chromatographic system optimized is shown in Table 1.

Test Condition
. Citric acid-sodium citrate (pH-2.8):
Mobile Phase Acetonitrile (70:30 V/V), Isocratic
Diluent Mobile phase
End-capped ODS C-18 column with
Column 250 x 4.6 mm internal diameter and
5um particle size
Column oven Ambient temperature
Flow rate 1.0 mL/min
Detector PDA
Wavelength 267 nm
Injection volume 20 pL
Run time 12 min

Chromatogram with working standard

GFM (60 mg) was weighed accurately, transferred into a
50 mL volumetric flask, sonicated to dissolve with
mobile phase and volume was made up to the mark with
mobile phase. It was treated as stock solution which
contained 1.2 mg of GFM in each mL of solution. From
this stock solution, working standard solutions 0.096,
0.108, 0.120, 0.132, 0.144 mg.mL™ of the drug were
prepared by diluting respectively to 50 mL with mobile

phase. Each of the diluted solution (20 pL) was injected
by auto injector into the column at a flow rate 1.0
mL/min of mobile phase and the corresponding
chromatogram was (Fig. 2) recorded. It is evident from
the Fig. 2 that the chromatogram was quite good and it
could be used for qualitative and quantitative analysis of
GFM in bulk and its tablet dosage form. Retention time
of the chromatogram was ascertained from the replicates
and it was found as 8.58+0.03 min.
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Fig. 2: A Representative chromatogram of GFM (R+=8.58+0.03 min) under optimized conditions

8.584+0.03 min

y=1124x +0.186
R*=0999

Peak area in mAU<10° at

0.09 0.1 0.11

Concentration of GFM (mg.mL")

0.12 0.13 0.14 0.15

Fig. 3: Calibration curve for GFM only (Working standard)

Calibration Plot

The calibration curve was constructed by plotting
concentrations of the drug against peak area (mAU) of
the chromatogram (Fig. 3) at R+=8.58+0.03 min and it
was found linear. However, it is important to mention
here that the linearity was not observed below the
concentration of 0.096 mg.mL™ nor above the
concentration of 0.144 mg.mL™.The regression equation
for the curve was found as y=112.4x+0.186 with

Table 2: Results of System Suitability test

correlation coefficient (R?) 0.999. It was used to estimate
the amount of GFM in bulk and tablet dosage form.

RESULTS AND DISCUSSIONS

Validation of the proposed method

System suitability

Performance of the analytical method was confirmed by
system suitability test where % RSD of peak area was
calculated as 0.503 (Table 2). It complied with the
recommended range (NMT 1%) of CDER.?]

No. Sample | Peak Area | RSD (%) Remarks
(Replicates) | (mAU) of Peak
area

01 11713340 | Result CDERLiMit | ¢ o o
02 11804958 | 0.503 = g =

0 1603700 £33
05 11647785 NMT 1 32>,
06 11745162 SESS
07 11801744 EE_%
08 11743445 Oasa
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Table 3: Results of Specificity test

Content Retention T_ime Content of GFM (%) Remarks
of API (min) Theoretical Observed ICH Limit
Blank Mobile phase only _ _ - Q
Control Mobile phase + excipients _ _ _ - % §
Standard | MoPile phase + GEMINN 8.342 99.93 99.10 98 -102 54
(0.12 mg.mL™) i-ﬂ
Mobile phase + GFM INN £8
Tablet (0.12 mg.mL™) + excipients 8.353 100.76 101.23 - S8 ﬁ
(0.139mg.mL™) £
Table 4: Percent recovery of GFM from simulated tablet contents
GEM % of Peak area Recovery from Recovery Average ICH
(mg.mLY) test (MAU) sample_1 (%) Recovery Limit Remarks
conc. (mg.mL™) (%) (%)
0.096 10979754 0.0957 99.69
0.096 80 10999071 0.0965 100.52 28
0.096 11001744 0.0972 101.25 55
0.120 13672319 0.121 100.83 S §
0.120 100 13676249 0.119 99.17 100.56 98-102 T
0.120 13672854 0.121 100.83 33
0.144 16379755 0.144 100.00 ES
0.144 120 16390730 0.145 101.39 O g
0.144 16405485 0.146 101.39

Table 5: Relative standard deviation of six determinations of GFM contents in simulated tablet amount

Sample Concentration Peak area Result RSD ICH Limit Remarks
P (mg.mL™) (MAU) (%) (%) | of RSD (%)
01 0.12 13676103 100.82 o
02 0.12 13214047 99.98 = s é >
03 0.12 13214047 99.98 QL o=
i) o
04 0.12 13587099 100.08 0.784 NMT 2 5 9 § €
05 0.12 13676038 100.19 § e é o
06 0.12 13677891 101.98
. 13
GE 143
XE U
<k ——
RN
200
TN
L0105
s o
oD
g
- 0.1 0.12 0.14 0.16 0.18
Concentration of Excipients (mg.mL")
Fig. 4: Peak area of GFM at various concentrations of excipients
Linearity
WWW.ejpmr.com 95




Islam et al.

European Journal of Pharmaceutical and Medical Research

Plot of peak area versus concentration of GFM (Fig. 3)
of regression analysis resulted in the linear regression
equation y=112.4x+0.186 (R?*=0.999). It is clear from the
Fig. 3 that the response was linearly dependant on the
concentration of GFM. The linearity of the regression
line also evident from correlation coefficient R*=0.999.
Similar dose-response relationship of GFM was observed
even in presence of excipients (data are not shown). And
with fixed concentration of API, the response for GFM
(area) was not changing (Fig. 4) with the increase of
excipient concentration. It means that there is no
interference on GFM response from the excipients.

Limit of detection (LOD) and limit of quantification
(LOQ)

LOD and LOQ were determined from standard deviation
of y-intercept of regression line and slope method as per
ICH guidelines. For GFM, LOD was found as 0.628
pg.mL™ and LOQ was found as 1.90 pg.mL™.

Range

The proposed RP-HPLC method for GFM estimation
was found linear in the range of 0.096-0.144 mg.mL™
(Fig. 3) but beyond that range linearity was not found
(data are not shown). Lower limit of quantification
(LLOQ) is therefore 0.096 mg.mL™ while upper limit of
quantification (ULOQ) is 0.144 mg.mL™.

Specificity

The specificity of the method was checked by
monitoring a standard (raw material) API solution, its
tablet, blank sample and placebo (excipients) materials.
Sample of standard and tablets showed peak at retention
time Ry=8.34+0.03 min when run separately in RP-
HPLC while blank and placebo did not show any peak at
that Ry value. These results indicate that GFM can be
detected by the present method and it is also able to
separate GFM from its excipients quantitatively (Table
3). Percent recovery of GFM in the absence and in the
presence of excipients was found within the limit of ICH
guidelines (Table 3) and thus it means that the developed
method is specific for quantification of GFM.

Accuracy

Accuracy is the closeness of the test results obtained by
the method to the true value. Accuracy was assessed
using nine determinations over three different
concentration levels covering the predetermined range
(0.096-0.144 mg.mL™) of analysis. And there were three
replicates of each concentration (Table 4). From these
determinations, it was found that the values of recovery
for each estimation were within the range (98%-102%)
of ICH percentage recovery guidelines.”™ Thus, it
indicates that the proposed method is accurate enough
for the analysis of the drug GFM.

Precision

Repeatability precision was carried out by six
independent determinations of a fixed test concentration
(0.12 mg.mL™) of a solution (Table 5) of GFM. Values

of %RSD were calculated from these determinations and
the obtained RSD value was checked to see whether it
was within the limit (NMT 2%) of ICH guideline.”% In
the present case, RSD was found as 0.784% (Table 5)
which was within the limit (NMT 2%) of ICH guideline
and hence the repeatability precision was complied for
the present method of analysis of GFM. Similarly, it was
found that the intermediate precision and reproducibility
criteria were as per ICH guideline (data are not shown).

Solution Stability

The sample solution was allowed to stand at ambient
temperature (25°C) for different time intervals (0, 12, 24
hrs) to see the stability of GFM. The obtained relative
standard deviation was a measure of the stability of
sample solution over a period of 24 hours. In the present
study, the %RSD for sample solution was found as
0.790% (ICH limit NMT 2%) which indicates that the
working sample solution was stable for at least 24 hours.

Robustness

Robustness (or Ruggedness) of the method was
determined by making small deliberate change in column
temperature (x 2°C), mobile phase (+ 2%) and flow rate
(= 0.1 mL) of the operating parameters of the method
and found no remarkable change in the test results.
Percentage (%) of RSD of the test results of the three
parameters at different condition was calculated and
found as 0.189%, 0.432% and 0.423% respectively
which was within the ICH limit (NMT 2%), indicating
that the method is sufficiently robust to analyze GFM.

In the light of validation parameters results, the
developed method can be used successfully for the
estimation of GFM from the bulk and its tablet
formulation.

CONCLUSION

A RP-HPLC method was developed and validated for the
analysis of GFM in bulk and formulated tablet. The
developed method is less costly than the methods
reported so far.

ACKNOWLEDGEMENT

The authors wish to thank Department of Pharmacy,
Jahangirnagar University, Bangladesh for providing due
permission and facilities to carry out this work.

REFERENCES

1. Allen A, Bygate E, Clark D, et al. The effect of food
on the bioavailability of oral gemifloxacin in healthy
volunteers. Int J Antimicrob Agents, 2000; 16: 45-
50.

2. File T, Schlemmer B, Garau J, et al. Gemifloxacin
versus amoxicillin/clavulanate in the treatment of
acute exacerbations of chronic bronchitis. J
Chemother, 2000; 12: 314-25.

3. Wilson R, Schentag JJ, Ball P, et al. A comparison
of gemifloxacin and clarithromycin in acute
exacerbation of chronic bronchitis and long-term
clinical outcomes. Clin Ther, 2002; 24: 639-52.

WWW.ejpmr.com

96




Islam et al.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14.

15.

16.

Madhuri D, Chandrasekhar KB, Devanna N and
Somasekhar G. Direct and derivative
spectrophotometric determination of gemifloxacin
mesylate in pure form and pharmaceutical
preparations using d acceptors. International Journal
of Pharma Sciences and Research, 2010; 1: 222-31.
Danta CC and Sahu S. Simple and rapid
spectrophotometric  estimation of gemifloxacin
mesylate in bulk and tablet formulations. Int J
Pharm Tech Res., 2011; 3: 133-35.

Dey S, Reddy YV, Krishna B, et al
Spectrophotometric estimation of gemifloxacin in
bulk and pharmaceutical dosage form by uv
spectrophotometry.  International  Journal  of
Chemical and Analytical Sciences, 2010; 1: 130-33.
Wankhede SB, Mahajan AM and Chitlange SS.
Simultaneous spectrophotometric  estimation of
gemifloxacin mesylate and ambroxol hydrochloride
in tablets. Der Pharma Chemica, 2011; 3: 269-73.
Panda SS, Ravi Kumar BVV, Rao KS, Raja Kumar
V and Patanaik D. Difference spectrophotometric
determination of gemifloxacin mesylate in tablet
formulation. Asian Journal of Biochemical and
Pharmaceutical Research, 2011; 1: 442-47.

Ebrahem SAM, Elbashir AA and Aboul-Enein H.
Spectrophotometric methods for the determination
of gemifloxacin in pharmaceutical formulations.
Acta Pharmaceutica Sinica B, 2011; 1: 248-53.

Rote AR and Pingle SP. Validated UV-
spectrophotometric methods for determination of
gemifloxacin mesylate in pharmaceutical tablet
dosage forms. E-J Chem, 2010; 7:344-48.

Zhao F, Zhao W and Xiong W. Chemiluminescence
determination  of  gemifloxacin  based on
diperiodatoargenate(l11)-sulphuric acid reaction in a
miellar medium. Luminescence, 2012. Available at:
http://onlinelibrary.wiley.com

Tekkeli SEK and Onal A. Spectrofluorimetric
methods for the determination of gemifloxacin in
tablets and spiked plasma sample. J Fluoresc, 2011;
21: 1001-07.

Mohammad Y, Kumar BP, Hussain A and Harish.
Development and validation of RP-HPLC method
for the estimation of gemifloxacin mesylate in bulk
and pharmaceutical dosage form. E-J Chem, 2010;
7:1621-27.

Rote AR and Pingle SP. Reverse phase-HPLC and
HPTLC methods for the determination of
gemifloxacin mesylate in human plasma. J
Chromatgr B AnalytTechnol Biomed Life Sci.,
2009; 877: 3719-23.

Sultana N, Arayne MS, Shamim S and Naz A.
Validated  method for the  simultaneous
determination of gemifloxacin and H2-receptor
antagonists in bulk, pharmaceutical formulations and
human serum by RP-HPLC;in vitro applications. J
Chin Chem Soc, 2011; 58: 1-8.

Barad D, Badamanabhan R and Patel CN. RP-HPLC
method for simultaneous estimation of gemifloxacin
mesylate and ambroxol HCI in combined dosage

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

form. International Journal of Research in Pharmacy
and Chemistry, 2011; 1: 379-84.

Al-Hadiya BMH, Khady AA and Mostafa GAE.
Validated liquid chromatographic-fluorescence
method for the quantitation of gemifloxacin in
human plasma. Talanta, 2010; 83: 110-16.

Lee W and Hong CY. Direct liquid chromatographic
enantiomer separation of new fluorogquinolones
including gemifloxacin. J Chromatogr, 2000; A879:
113-20.

Kaiser M, Grunspan LD, Costa TD and Tasso L.
Reversed phase liquid chromatography method with
fluorescence detection of gemifloxacin in rat plasma
and its application to the pharmacokinetic study. J
Chromatgr B AnalytTechnol Biomed Life Sci, 2011;
879: 3639-44.

Roy B, Das A, Bhaumik U, et al. Determination of
gemifloxacin in different tissues of rat after oral
dosing of gemifloxacin mesylate by LC-MS/MS and
its application in drug tissue distribution study,
JPharm Biomed Anal, 2010; 52: 216-26.

Gandhimati M, Nair NBDK and Ravi TK. Study of
hydrolytic and oxidative behavior of gemifloxacin
mesylate in aqueous solution by | cm. Journal of
Global Pharma Technology, 2010; 2: 81-85.

Rao NR, Naidu CG, Prasad KG and Narasimha R.
Development and validation of a RP-HPLC method
for stability-indicating assay of gemifloxacin
mesylate including identification of related
substances by LC-ESI-MS/MS,(1)H and (13) C
NMR spectroscopy, Biomed Chromatogr, 2011.
Available at: http:// WWW. ncbi.nlm.
nih.gov/pubmed/21370250. Accessed:on 15th April,
2012.

Doyle E, Fowles SE, McDonnell DF, McCarthy R
and White SA. Rapid determination of gemifloxacin
in human plasma by high-performance liquid
chromatography-tandem mass spectrometry. J
Chromatogr B Biomed Sci., 2000; 746: 191-98.
Paim CS, Fuhr F, Steppe M and Schapoval EES.
Gemifloxacin  mesylate:uv  spectrophotometric
method for quantitative determination using
experimental design for robustness. Quim Nova,
2011; XY: 1-5.

Sugumaran M and Jotheeswari D. RP-HPLC method
for the determination of gemifloxacin mesylate in
bulk and Pharmaceutical formulation. International
Journal of Pharmaceutical Sciences Review and
Research, 2011; 6(1):18-20.

Gumustas M and Ozkan SA. Simple, sensitive and
reliable LC-DAD method of gemifloxacin
determination in pharmaceutical dosage forms. Turk
J. Pharm. Sci, 2012; 9(2): 161-70.

Panda SS, Ravi Kumar BVV, Mohanta G and Patel
PK. Reverse Phase Ultra Fast Liquid
Chromatographic Method for Determination of
Gemifloxacin Mesylate in Tablet Dosage Form.
Journal of Pharma Sci Tech, 2012; 2(1): 20-25.
Center for Drug Evaluation and Research (CDER),
November, 1994, USA.

WWW.ejpmr.com

97



http://onlinelibrary.wiley.com/

Islam et al. European Journal of Pharmaceutical and Medical Research

29. ICH Harmonized Tripartite guideline, Validation of
Analytical Procedures: Text and Methodology Q2,
2005; 1-13.

WWW.ejpmr.com

98




