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INTRODUCTION

Gemifloxacin (Fig. 1) is a fourth generation synthetic
broad-spectrum fluorinated quinolone antibacterial agent
for oral administration. It is present in two forms; either as
free gemifloxacin base or as gemifloxacin mesylate salt.
Gemifloxacin has a broad-spectrum activity against both
Gram-negative and Gram-positive microorganisms. The main
advantages of gemifloxacin over the older agents of fluor-
oquinolones is retaining the excellent activity against Gram-
negative bacilli and improving Gram-positive activity (including
S. pneumoniae and Staphylococcus aureus). Therefore,
gemifloxacin was approved by the food and drug administration
in April 2003 for treatment of acute bacterial exacerbation of
chronic bronchitis, mild-to-moderate pneumonia multidrug
resistant S. pneumoniae as well as community-acquired pneu-

monia’.
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Fig. 1. Structure of Gemifloxacin Mesylate

Accepted: 20 September 2013)

AJC-14160

-
Spectrophotometric and spectrofluorimetric methods were developed for the determination of gemifloxacin mesylate (GFX) in dosage |
forms. The spectrophotometric method (method I) is based on formation of ternary complex with eosin at 543 nm in acetate buffer of pH |
4. The absorbance-concentration plot is rectilinear over the range 1-10 pug/mL with LOD of 0.157 ug/mL and LOQ of 0.476 ug/mL. The
spectrofluorimetric method (method II) is based on the quantitative quenching effect of gemifloxacin mesylate on the native fluorescence |
of eosin at the same pH. The quenching of the fluorescence of eosin was measured at 544 nm after excitation at 337 nm. The fluorescence- |
concentration plot is rectilinear over the range 0.6-4 ug/mL with LOD of 0.108 pg/mL and LOQ of 0.328 pg/mL. The proposed methods |
were successfully applied to the analysis of tablets of the drug. Statistical comparison of the results with those of the reference method |
revealed good agreement and proved that there were no significant differences in the accuracy and precision between the two methods |
|
|
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The published methods for the determination of
gemifloxacin included high-performance liquid chromato-
graphy*'°, high-performance liquid chromatography-tandem
mass spectrometry'"'?, voltammetry"?, potentiometry', capillary
electrophoresis'>'®, spectrophotometry'’**, chemilumine-
scence™ and spectrofluorimetry™.

Due to their low cost and inherent simplicity spectropho-
tometry and spectrofluorimetry are the techniques of choice
in research laboratories, hospitals and pharmaceutical indus-
tries. Accordingly, the present work was aimed at developing
new simple, sensitive and selective spectrofluorimetric and
spectrophotometric procedures for determination of gemifloxacin
mesylate in dosage forms.

The literature review showed that palladium(II) ion and
eosin are the widely used agents to form the ternary complexes
with the various drugs®**. All described methods are marked
by good sensitivity, precision and, accuracy. The aim of this
research was to investigate the reaction between gemifloxacin
mesylate, palladium (II) ion and eosin with the ternary complex
formation. The methyl cellulose was used as a surfactant to
increase the solubility and intensity of the complex formed.
The optimum conditions (pH, concentrations of reagents,
temperature and time of heating, efc.) were established before
the application of the method to the analysis of the drug as its
bulk and pharmaceutical preparation. The proposed method
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is simple, sensitive, accurate and relatively low cost. It can be
applied in quality control laboratories methods for determi-
nation of gemifloxacin mesylate.

EXPERIMENTAL

An UV-visible spectrophotometer model Ultrospec 2000-
Pro (Biochrom, England) with matched 1 cm quartz cells was
used for all spectrophotometric measurements.

Fluorescence intensity was measured on a Perkin-Elmer
model LS-55 luminescence spectrometer (UK), equipped with
a 150 W xenon arc lamp, grating excitation and emission mono-
chromators and a Perkin-Elmer recorder. Slit widths for exci-
tation and emission monochromators were set at 5 and 7 nm,
respectively.

All reagents used were of Analytical reagent grade and
distilled water was used throughout the study:

Gemifloxacin mesylate was kindly supplied from Saudi
Pharmaceutical Industries and Medical Appliances Corpora-
tion, Al-Qassim Pharmaceutical Plant (SPIMACO) Saudi
Arabia. (Factive® 320 mg/tablet) was provided by (SPIMACO)
Saudi Arabia. Eosin (Merck, Darmstadt, Germany) was prepared
as 1.0 x 10 M, aqueous solution. Palladium(II) chloride
(Sigma-Aldrich) was prepared as 1 x 10~ M solution by dissol-
ving about 17.75 mg of PdCl, in 1 mL of hydrochloric acid,
with the aid of heat, followed by the addition of 50 mL of
boiled water and diluting to 100 mL with distilled water;
Methyl cellulose (Prolabo, France), 0.5 % w/v aqueous solution,
prepared by dissolving the appropriate amount in hot water
(80 °C) with stirring for 10 min, then cooled to 5 °C for 30
min. Acetate buffer (pH 4), prepared by mixing 0.2 M acetic
acid solution and 0.2 M sodium acetate solution and adjusting
the pH using pH Meter.

Standard solutions: Stock solution of gemifloxacin
mesylate was prepared by dissolving 10 mg of the drug in 100
mL of distilled water. This solution was further diluted with
the same solvent to obtain a working solution. The solution
were stable for 2 weeks when kept in the refrigerator and
protected from light.

Spectrophotometric method (method I): Aliquots of
gemifloxacin mesylate covering the working concentration
range (1-10 pg/mL) were transferred into a series of 25 mL
volumetric flask. A 1 mL of 0.5 % methyl cellulose solution,
2 mL of acetate buffer solution (pH 4), 1 mL of 1.0 x 10° M
eosin solution and 1 mL of 1.0 x 10~ M palladium(II) chloride
solution were added to the flasks. The mixture was diluted to
volume with water, homogenized by shaking and immersed
in a warm water-bath (70 °C) for 20 min. The solution was
then cooled to room temperature and its absorbance was
measured at 543 nm against an appropriate blank prepared
simultaneously.

Spectrofluorimetric method (method II): The same
procedure adopted for spectrophotometric method was fol-
lowed after dilution of the standard solution to obtain the
working concentration range of 0.6-4 ug/mL. The fluorescence
intensity of the resulting solution was measured at 544 nm
after excitation at 337 nm. The difference in the fluorescence
intensity (AF) was plotted vs. the final concentration of the
drug (ug/mL) to get the calibration curve.

Tablet treatment: The total content of ten tablets was
ground to a fine powder. A weighed quantity of the powdered
tablets equivalent to 10 mg of gemifloxacin mesylate was
transferred into 100 mL volumetric flask and the flask was
sonicated for 30 min. The solution was diluted to volume with
distilled water, mixed and filtered. Aliquots covering the work-
ing concentration range were transferred into a series of 25 mL
volumetric flasks. The procedure described under construction
of the calibration curve was performed. The nominal content
of the tablets was calculated using the calibration graph or the
corresponding regression equation.

RESULTS AND DISCUSSION

The fact that the pyridinic carboxylic acid derivatives form
stable metal chelates with different cations suggested the
possibility of the utilization of this phenomenon for increasing
the sensitivity of both spectrophotometric and fluorimetric
measurements, through the formation of a stable ternary complex
of acid-palladium may be expressed as drug-Pd(II)-eosin
(1:1:1) in the presence of methyl cellulose®. In the present
study, gemifloxacin mesylate was found to form an ion pair
red complex with eosin at pH 4 with maximum absorbance at
543 nm (Fig. 2). The formed complex is mainly due to the
electrostatic interaction between the studied drug and anionic
functional group of eosin under acidic pH. The formed ion
pair complex is not fluorescent; therefore, the decrease in the
fluorescence of eosin upon the addition of the drug was the
basis fot the spectrofluorimetric measurement at 544 nm after
excitation at 337 nm (Fig. 3).
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Fig. 2. Absorption spectra of reaction product of gemifloxacin mesylate
(5 pg/mL)

Optimization of experimental conditions: The spectro-
photometric and spectrofluorimetric properties of the product
as well as the various experimental parameters affecting its
development and stability were particularly analyzed and opti-
mized. Some factors were changed individually; others were
kept constant. These factors include: volume of eosin, volume
of PA(II), type of buffer, volume of buffer and time of heating.

Effect of volume of eosin: The effect of the eosin concen-
tration on the absorbance of the ternary complex formed
was studied. The optimum result was obtained using 1 mL of
1 x 10 M of eosin (Fig. 4).

Effect of volume of Pd (II): The influence of Pd(II) was
studied using increasing volumes of 1 x 10® M Pd(II). The
optimum result was obtained using 1 mL (Fig. 5).
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Fig. 3. Emission spectra of: (A) Reaction product (B) Blank of gemifloxacin
mesylate (3 ug/mL)
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Fig. 4. Effect of volume of eosin (1.0 x 10° M) on the absorbance of the
reaction product of gemifloxacin mesylate (5 pg/mL)
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Fig. 5. Effect of volume of Pd(II) (1.0 x 10° M) on the absorbance of the
reaction product of gemifloxacin mesylate (5 pg/mL)

Effect of pH: The absorbance of the drug-Pd(II)-eosin
complex solution was investigated over the pH range 3.6-12.32.
The optimum absorbance was achieved at pH 4 using 2 mL of
acetate buffer (Fig. 6).
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Fig. 6. pH influence on the absorbance of the reaction product of
gemifloxacin mesylate (5 pg/mL)
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Effect of methyl cellulose volume: Maximum and constant
absorbance was obtained with 1 mL of 0.5 %, w/v methyl
cellulose (Fig. 7).
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Fig. 7. Effect of volume of methyl cellulose (0.5 % w/v) on the absorbance
of the reaction product of gemifloxacin mesylate (5 pg/mL)

Effect of temperature and heating time: In order to
examine the effect of temperature and heating time on the
formation rate and on the absorbance of the drug-Pd(II)-eosin
ternary complex, the above-mentioned formation was carried
out at different temperatures (room temperature, 40, 50, 60,
70 and 80 °C) using a thermostated water-bath for periods
ranging from 5 to 40 min. Maximum and constant absorbance
was obtained at 70 °C after 20 min (Figs. 8 and 9).
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Fig. 8. Effect of temperature on the absorbance of the reaction product of
gemifloxacin mesylate (5 p/mL)
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Fig. 9. Effect of heating time on the absorbance of the reaction product of
gemifloxacin mesylate (5 pg/mL)

Validation of the method: The validity of the proposed
methods were tested for linearity, limit of detection, limit of
quantitation, accuracy, precision and robustness.

Linearity: Under the described experimental conditions, the
calibration graphs for the both methods were constructed by
plotting the absorbance value in method I or difference in the
fluorescence intensity (AF) in method II vs. concentration in pg/
mL. The regression plots showed a linear dependence of AF and
absorbance values on the drug concentrations over the range cited
in Table-1. Regression equations, intercepts, slopes and correla-
tion coefficients for the calibration data are presented in Table-1.

TABLE-1
PERFORMANCE DATA FOR THE PROPOSED METHODS FOR
DETERMINATION OF GEMIFLOXACIN MESYLATE

Spectro- Spectro-
Parameters photometric  fluorimetric

method method
Concentration range (1Lg/mL) 1-10 0.6-4
LOD (ug/mL) 0.157 0.108
LOQ (ug/mL) 0.476 0.328
Correlation coefficient (r) 0.9998 0.9995
Slope 0.084 36.417
Intercept 0.013 19.107
Standard deviation of the intercept (S,) 0.004 1.193
Standard deviation of the slope (S,) 0.001 0.472

Limit of quantification and limit of detection: The limit
of quantification was determined by establishing the lowest
concentration that can be measured according to ICH Q2 (R1)
recommendations® below which the calibration graph is non-
linear. The limit of detection (LOD) was determined by evalua-
ting the lowest concentration of the analyte that can be readily
detected. The results were summarized in Table-1.

LOQ and LOD were calculated according to the following
equations:

LOQ = 10S./b

LOD =3.3S./b
where, S, is the standard deviation of the intercept of regression
line and b is the slope of the regression line.

Accuracy and precision: Statistical analysis™ of the
results obtained by the proposed and reported methods® using
student's t-test and variance ratio F-test showed no significant
differences between them regarding accuracy and precision,
respectively (Table-2). The small value of relative standard
deviation, indicates high precision of the method for quanti-
tative determination of gemifloxacin mesylate. Moreover, the
good percentage recoveries confirms excellent accuracy.

TABLE-2
APPLICATION OF THE PROPOSED AND COMPARISON
METHODS TO THE DETERMINATION OF GEMIFLOXACIN
MESYLATE IN PURE FORM AND ITS PHARMACEUTICAL

DOSAGE FORM
Pr0p0§ed methods : : P
Spectrophotometric ~ Spectrofluorimetric method®
method method

Pure form
Mean+SD 99.57+1.209 99.29+1.120 99.50+0.747
N 6 6 6
9%RSD 1.214 1.128 0.751
t-test 0.121 (2.228)* 0.382(2.228)*
F-test 2.60 (5.05)* 2.589 (5.05)*
Factive® 320 mg/tablet
Mean+SD 99.45+0.439 100.240+0.586 99.50+0.361
N 3 3 3
%RSD 0.441 0.585 0.363
t-test 0.152 (2.776)* 1.865 (2.776)*
F-test 1.484 (19)* 2.641 (19)*

*Figures in parentheses are the tabulated t and F values at confidence
limits 95 %*°

Robustness of method: The robustness of the proposed
methods was demonstrated by the constancy of the absorbance
and the difference in the fluorescence intensity (AF) with the
minor changes in the experimental parameters such as pH 4 +
0.2 and change in the volume of eosin + 0.2. These minor
changes that may take place during the experimental operation
didn't greatly affect the absorbance or fluorescence values of
the reaction.

Conclusion

Two new spectrophotometric and spectrofluorimetric
methods for the determination of gemifloxacin mesylate in
dosage forms are presented. They are simple, rapid, repro-
ducible, economic, highly sensitive and do not require tedious
extraction. The statistical data represent the suitability and
reproducibility of the proposed methods for routine analysis
in the quality control laboratories.
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