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Spectrophotometric Determination of Gemifloxacin
Mesylate, Moxifloxacin.HCI and Gatifloxacin
Sesquihydrate in Pure and in Pharmaceutical
Preparations

M.A. Zayed” and Heba A. Dakhly
Chemistry Department, Faculty of Science, Cairo University,
Gamaa Str., 12613, Giza, Egypt.

IMPLE, rapid and sensitive spectrophotometric method was

developed for the determination of gemifloxacin mesylate
(GMF), moxifloxacin.HCl (MXF) and gatifloxacin sesquihydrate
(GAF) in pure and pharmaceutical preparation. This method is based
on ion pair formation reaction between GMF, MXF and GAF and
rosebengal indicator in universal buffer of pH 5.The formed ion pair
is measured at Anas = 575 nm. All optimum conditions are
established. The calibration graphs are rectilinear at concentration
ranges 9.71 — 53.40, 8.758 — 52.55 and 8.048— 48.29 ug ml™ for
GMF, MXF and GAF, respectively. The sandell sensitivity (S) =
0.0263 , 0.0244 and 0.0263 pg cm™ , molar absorptivity = 1.861x
10* 1.835x 10* and 1.561x 10* L mol™* cm™, correlation coefficient
0.9998 and LOD = 01.90, 1.607 and 1.876 ng ml? and LOQ =
05.74, 0.2036 and 5.684 pug ml™ are calculated for GMF, MXF and
GAF, respectively. The values of SD are = 0.0218 - 0.0297, 0.02 -
0.0377 and 0.0216 - 0.0282 and RSD are = 0.0554 - 0.3075, 0.0380 -
0.4344 and 0.0537 - 0.3497 % for GMF, MXF and GAF. The method
is applied for the assay of investigated three drugs in pharmaceutical
dosage forms. The results are in good agreement with those obtained
by the official methods.

Keywords: Gemifloxacin mesylate, Moxifloxacin. HCI, Gatifloxacin
sesquihydrate, lon pair formation and Spectrophotometry.

Over the last twenty years, fluoroquinolones have emerged as one of the most
important classes of antibiotics *?. Fluoroquinolones are the second-generation
members of quinolone antibiotics fluorinated in position 6 and bearing a
piperazinyl moiety at position. They are considered to be the most effective
Gram-positive and Gram-negative pathogens to combat infection caused by
microorganisms that are resistant to other microbials, such as tetracyclines.
Also, they have some activity against mycobacteria, mycoplasmas and the
protozoan Plasmodium falciparum @ . There is a substantial body of literature
related to both the mechanism of their action as DNA gyrase inhibitors and the
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influence of systematic structural modifications on their biological activity © .

Gemifloxacin mesylate (GFX) is [(R,S)-7-[(4Z)-3-(aminomethyl)-4-(methoxyi-
mino) -1- pyrrolidinyl] -1- cyclopropy I-6- fluoro- 1,4- dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acidmesylate[9] Moxifloxacin (MXF) is 1-
cyclopropy I-7- [2,8- diazobicyclo (4.3.0) nonane] -6- fluoro -8- methoxy -1,4
dihydro-4-oxo-3-quinolone carboxylic acid. Gatifloxacin sesquihydrate(GAT)
is (1-cyclopropy I-6-fluoro -8- methoxy -7- (3-methylpiperazin -1-yl) -4 oxo-
1,4-dihydro-quinoline-3-carboxylic acid).GMF,MXF and GAT are fourth-
generation synthetic broad-spectrum 8-methoxy fluoroquinolone antibacterial
drug derivatives used for the treatment of pneumonia and bronchitis and
sinusitis ®'?, GMF,MXF and GAT are also used for treatment of urinary tract
infection ** 2. GMF, MXF and GAT are receiving a great interest due to their
clinical advantages and there was an increase in number of their pharmaceutical
dosage forms in the market recently. The chemical structures of the studied
fluoroquinolones are shown in (Scheme 1).No official (pharmacopoeia) method
has been found for the assay of GMF, MXF and GTF in their pharmaceutical
formulations. Several methods have been reported for the determination of
fluoroquinolones either in pure forms, dosage forms, or biological fluids like
chromatography ", capillary zone electrophoresis 1% electrochemistry
(20-23) " atomic absorption spectrometry @* 2 and spectrofluorimetry =27,
However, these methods are expensive and not available at most quality control
laboratories. For routine analysis of the studied drugs, a simple, rapid, and cost
effective analytical method was required. The spectrophotometric technique
continues to be the most preferred method for the assay of different classes of
drugs in pure, pharmaceutical formulations and in biological samples, for its
simplicity and reasonable sensitivity with significant economical advantages.
Spectrophotometric methods are reported for the assay of GMF, MXF and
GAF ®328-32 these methods were associated with some major drawbacks such
as decreased selectivity due to measurement in ultraviolet region and/or
decreased simplicity of the assay procedure (e.g., tedious precipitation, heating,
or liquid-liquid extraction steps in the ion pair formation-based methods). For
these reasons, it was worthwhile to develop a new simple and selective
spectrophotometric method for the determination of the studied drugs in their
pharmaceutical dosage forms. In the present work, we report the development
of accurate and precise spectrophotometric method based on formation of ion
pairs between the studied fluoroguinolone antibiotics (GMF, MXF, and GAF)
and rosebengal organic reagent. The absorbance measurements were measured
at optimum wavelengths. The proposed methods were applied successfully for
the determination of the studied drugs in pure and dosage forms. The methods
provide rapid, economic procedures and more sensitive compared to the
previously reported spectrophotometric methods. These methods were validated
by the statistical data.
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Scheme 1. The chemical structure of the studied fluoroquinolones .

Experimental

Materials and solutions

All chemicals and reagents used were of analytical reagent grade. They
included GMF reference standard provided by EI-Obour Modern
Pharmaceutical Industries Co., EI-Obour city, Kaliobeya, Egypt, its potency was
99.99+0.39%.MXF reference standard was provided by Sabaa, Kahira
Company, Cairo, Egypt, its purity was 100.01 + 0.71%.GAF reference standard
was provided by EPCI, Egyptian Company for Pharmaceutical and Chemical
Industries, S.A.E., Beni Suef, Egypt, its potency was 99.65 + 0.74%. Reagent is
rosebengal disodium salt supplied from BDH Chemicals. Ltd (Poole,
England).Absolute ethanol supplied from EI Salam for Chemical Industries —
Egypt, Assay: 95%, sodium hydroxide supplied from El Salam for Chemical
Industries - Egypt, phosphoric acid supplied from Chemicoke El Tabbin —
Egypt, Assay: 88%, acetic acid supplied from El Salam for Chemical Industries -
Egypt, Assay: 99%, boric acid from EI Nasr Pharmaceutical Chemical Co —
Egypt, Assay: 99.5% .Distilled water was usually used in all preparations. Fresh
stock solutions were prepared by dissolving the accurately weighed amounts
0.0486, 0.0438 and 0.0402 g of GMF, MXF and GAF, respectively in 100 ml of
distilled water, dilute solutions were prepared by accurate dilution from the
stock solution to get desired concentrations. Series of universal buffer solutions
covering the range of pH values from 2.0 to 11.0 were prepared as
recommended by Britton and Robinson ©®. The Stoichiometric ratio between
drugs and reagent in the ion-pair complexes was determined by the molar ratio
method (MRM). In this method to constant reagent concentration of
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Rb (1-1.2 X 10™M), variable concentrations (0.1 — 2.8) X 10*M of GMF, MXF
and GAF were added ©Y. A mixture of 0.04 M phosphoric, acetic and boric
acids was titrated with 0.1 N NaOH to adjust the desired pH into the required
value in 100 ml of the acid mixture using pH — meter. Quinabiotic tablets were
obtained from Medizen Pharmaceuticals Industries, Borg Elarab — Alexandria —
Egypt, labelled to contain (320 mg GMF tablet™). Moxifloxacin tablets were
obtained from Sabaa International Company for pharmaceuticals and chemical
industries, S.A.E. labelled to contain (400 mg MXF tablet™). Gatiflox tablets
were obtained from (EPCI, Egyptian Company for Pharmaceutical and
Chemical Industries, S.A.E., Beni Suef, Egypt labelled to contain (400 mg
GAF tablet™).

Apparatus

The spectrophotometric measurements were carried out using the Thermo
Fisher Scientific, Model: EVO 60 in the wavelength range from 190-800 nm.
The pH measurements were performed by using HANNA pH/ mV/Temperature
meter, Model pHS — 3CW. Weights measurement was performed by using
Radwag Wagi Elektroniczne Sensitive analytical balance 0.0001g, Model: AS
220/C/1.Stirring and heating were performed by using ARE Heating Magnetic
Stirrer Theromostated Hot Plate, Model: VELP-Europe. Automatic
Micropipettes, Model: Accupipette USA, Volume range 100-1000 pLwere used
to measure the small volumes.

Procedure for determination of Gemifloxacin (GMF), Moxifloxacin (MXF) and
Gatifloxacin (GAF) using rosebengal disodium salt reagent (Rb)

a. General procedure

Aliquots of GMX, MXF and GAF (0.2-1.2) x 10"*M were transferred into a
10 ml calibrated measuring flasks, treated with 1.2 x 10 M Rb solution, then
0.5 ml of universal buffer of pH 5 was added, diluted to volume with distilled
water and allowed to stand for 12, 15 and 15 min for GMX, MXF and GAF,
respectively at 20-30 °C. The absorbance was measured at 575 nm against a
reagent blank. The calibration graph was then prepared by plotting the
absorbance versus concentration of the drug. The concentration of the unknown
was read from the calibration graph or computed from the regression equation.

b. Procedure for the tablets analysis

Each ten tablets of Quinabiotic (320 mg GMF tablet™), Moxifloxacin (400
mg MXF tablet™) and Gatiflox (400 mg GAF tablet™), were weighed and
powdered well separately. Equivalent amount of powder to one tablet of each
separate drug was weighed and dissolved in sufficient amount of distilled water,
with gentle warming. The resulting solutions were filtered using filter paper and
then the filtrate of each drug was transferred into separate 250 ml volumetric
flasks and the volume completed to the mark with distilled water. The
procedure was continued as mentioned under general procedure and calibration
graphs. The procedure mentioned above was followed where different
concentrations of GMX, MXF and GAF in the range, respectively 9.71 — 53.40,
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8.758 — 52.62 and 8.048— 48.29 pg ml™, respectively were added for Rb
reagent. The drug concentrations were calculated from the standard calibration
graph prepared under identical conditions.

Results and Discussion

Absorption spectra

This method based on the formation of ion pairs between drugs and
rosebengal disodium salt reagent as the nitrogenous drugs are present in
positively charged protonated forms ©°* and rosebengal disodium salt reagent
present mainly in anionic form at acidic pH. So when treated drugs with an acid
dye rosebengal at pH range 2.0-5.0 of acidic universal buffers solutions, a rose
ion-pair complex is formed. The absorption spectra of the ion-pair complexes,
which were formed between GMF, MXF, or GAF and reagent Rb, were
measured in the range 350 — 600 nm against the blank reagent solution. The ion-
pair complexes of GMF, MXF, or GAF and reagent Rb show maximum
absorbance at 575 nm (Fig 1).
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Fig . 1. Absorption spectra of (a) 1.GMF, 2.Rb disodium salt, 3.GMF-Rb ion pair.
(b)1. MXF, 2.Rb disodium salt, 3.MXF-Rb ion pair. (c)1. GAF, 2.Rb
disodium salt, 3.GAF-Rb ion pair.
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Optimum reaction conditions for complex ion pair formation
Optimum conditions of the methods were carefully studied to achieve
complete reaction formation, highest sensitivity, and maximum absorbance.

Effects of pH on ion-pair formation

The effect of pH on the drug-reagent ion pair complex was studied by
measuring absorbance of the reaction ion pair product of GMF, MXF, and GAF
with reagent Rb at Ao = 575nm, the highest absorbance value was observed at
pH 5.0 as showed in Fig .2.

Fig. 2. Effect of pH on the ion pair reaction product of 1.GMF-Rb, 2.GAF-Rb,
3.MXF-Rb at A= 575nm.

Effect of time and temperature

The optimum reaction time effect on the drug-reagent ion pair complex was
studied by measuring absorbance of the reaction ion pair product of GMF, MXF
and GAF with reagent Rb at 575 nm and pH 5.0, time was investigated from 0.5
to 60 min. From the obtained results, the absorbance is increased gradually with
time increased until 12, 15, 15 min for GMF, MXF and GAF, respectively then
remains almost unchanged (Fig 3).
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Fig .3. Effect of time on the ion pair reaction product of 1. GMF-Rb, 2.GAF-Rb,
3.MXF-Rb at Ay = 5750M.
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From these data it is clear that, the optimum time for ion — pair formation
between GMF, MXF and GAF and Rb reaction product is found to be 12, 15, 15
min, respectively.

The effect of temperature on the drug-reagent ion pair complex was studied
by measuring absorbance of the reaction ion pair product of GMF, MXF and
GAF with reagent Rb at 575 nm and pH 5.0 to select the optimum temperature
suitable for the ion- pair formation (Fig. 4).
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Fig. 4. Effect of temperature on the ion pair reaction product of 1. GMF-Rb, 2.GAF-
Rb, 3.MXF-Rb at Apa = 575nm.

The optimum temperature from the obtained results was found to be 20-30 °C,
which gave maximum absorption.

Stoichiometric relationship

The Stoichiometric ratio between drugs and reagent in the ion-pair complexes
was determined by the molar ratio method (MRM). In this method to constant
reagent concentration of Rb (1-1.2 X 10*M), variable concentrations (0.1 — 2.8) X
10™*M of GMF, MXF and GAF were added. The spectrophotometric measurements
of these solutions were recorded at Ama,= 575 nm (Fig. 5).
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Fig . 5. Stoichiometric ratio of the reaction product 1-GMF-Rb, 2-MXF-Rb and
3-GAF-Rb ion pairs at A, = 575nm using molar ratio method.

Egypt. J. Chem. 58, No. 3 (2015)



356 M.A. Zayed and Heba A. Dakhly

The results indicate that 1: 1 (drug : reagent) ion-pairs are formed through
the electrostatic attraction between positive protonated GMF+, MXF+, or GAF+
and negative Rb™as example the ion pair of MXF-Rb (Scheme 2).

MXF pH=30 Rbdisodium salt

MXF-Rb ion- pair complex

Scheme 2. Proposed mechanism of the reaction between MXF and Rb .

Validity of Beer's law

Standard calibration curves for GMF, MXF, and GAF with reagent were
constructed by plotting absorbance versus concentration at optimum described
experimental conditions. Beer’s law was valid over the concentration range
9.71 — 53.40, 8.758 — 52.62 and 8.048— 48.29 ug ml™ for GMF, MXF, and GAF
using Rb, respectively. Table 1 shows the different analytical parameters
obtained such as slope, intercept, correlation coefficient, Sandell sensitivity,
molar absorptivity, standard deviation, and relative standard deviation, limit of
quantification and limit of detection.
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TABLE 1. The different analytical parameters .

Drug GMF MXF GAF
Parameters
Reagent Rose Bengal Rose Bengal Rose Bengal
Temperature (C°) 20-30°C 20-30°C 20-30°C
A max (nm) 575 575 575
pH 5 5 5
Beer's law (ug.ml™?) 09.71-53.40 8.758 —52.55 8.048-48.29
LDL (ug ml™) 09.71 8.758 8.048
HDL (pg ml™) 53.40 52.55 48.29
LOD (ug ml%) 01.90 1.607 1.876
LOQ (ug ml?) 05.74 4.870 5.684
R? 0.9999 0.9999 0.9998
Regression = = y=
equation () 0.038x - 0.117 0.041x - 0.007 0.038x - 0.079
Molar absorptivity 1.861x 107 1.835x 10* 1.561x 10*
(L mol™ em™)
SD 0.0218 - 0.0297 0.0200 - 0.0377 0.0216 - 0.0282
RSD % 0.0556 - 0.3075 0.0380 - 0.4344 0.0537 - 0.3497
Sandell sensitivity 0.0263 0.0244 0.0263
(ug cm™)
Recovery % 99.23 - 100.77 99.18 - 100.7 99.54 -100.9

The small value of Sandell sensitivity indicates the high sensitivity of the

proposed method in the determination of the drug under investigation. The
assay of GMF, MXF, and GAF were validated with respect to linearity, limit of
detection, and quantitation, repeatability and reproducibility.

Linearity
The linearity of calibration graphs was proved by the high values of the
correlation coefficient (r?).

Sensitivity

The limits of detection (LOD) and quantitation (LOQ) for the proposed
methods were calculated in Table 1; their values confirm the sensitivity of the
proposed method.

Accuracy and precision
The accuracy and precision of the proposed methods were established by
measuring the content of GMF, MXF and GAF in pure form at different
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concentration levels five replicate. The results of standard deviation (SD),
relative standard deviation (RSD) and recoveries by the proposed methods are
presented in Table 2. The inter-day precision of the proposed methods is
performed by carrying out five replicate experiments at each concentration level
within 6 hr (Table 2).

TABLE.2. Within — day precision of the determination of GMF, MXF, GAF using

Rb reagent .
g [Drug], [Drug], Percentage
5] Taken Found Recovery SD* op %
£ | pgmL? | pgmL’ (%) RSD (%)
S
10.71 10.68 99.68 0.0248 0.2323
28.13 27.96 99.40 0.0238 0.0851
% 32.98 32.77 99.36 0.0195 0.0595
O]
47.55 47.58 100.1 0.0232 0.0488
52.40 52.46 100.1 0.0232 0.0442
12.14 12.15 100.1 0.0291 0.2395
16.52 16.53 100.1 0.0291 0.1760
& 20.9 20.93 100.2 0.0721 0.3443
= 42.79 42.53 99.39 0.0220 0.0517
51.55 51.63 100.2 0.0227 0.0439
9.048 9.068 100.2 0.0238 0.2625
15.10 15.09 99.93 0.0260 0.1723
';: 23.15 23.08 99.73 0.0236 0.1023
© 39.24 39.21 99.94 0.0206 0.0526
47.29 47.07 99.53 0.0238 0.0506

* Five replicate experiments at each concentration level within 6 hr.

The intra- day precision of the proposed methods is performed by carrying out
five replicate experiments at each concentration level within 6 days (Table 3).

The analytical results for accuracy and precision show that the methods

proposed have good repeatability and reproducibility. Thus the proposed
methods are very effective for the assay of GMF, MXF and GAF.
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TABLE 3. Between — day precision of the determination of GMF, MXF, GAF using

Rb reagent .
g [Drug], [Drug], Percentage
S) Taken Found Recovery SD*
S ) ; RSD (%) *
= ng mL* ng mL* (%) (%)
O
11.71 11.65 99.45 0.0273 0.2344
30.13 29.93 99.33 0.0274 0.0916
% 34.98 34.72 99.23 0.0266 0.0766
o 49.55 49.54 99.97 0.0265 0.0535
51.40 51.4 99.98 0.0218 0.0424
14.14 14.12 99.86 0.0269 0.1903
18.52 18.50 99.89 0.0304 0.1643
& 22.90 22.81 99.61 0.1467 0.6431
= 44.79 4451 99.37 0.0224 0.0503
50.55 50.61 100.12 0.0204 0.0403
10.05 10.04 99.90 0.0291 0.2898
17.10 17.05 99.71 0.0332 0.1947
';('- 25.15 25.06 99.64 0.0296 0.1181
]
41.24 41.21 99.93 0.0261 0.0633
46.29 46.06 99.50 0.0249 0.0541

* Five replicate experiments at each concentration level within 6 days.

Analytical applications

The applicability of the proposed methods for the determination of GMF,
MXF and GAF has been tested on commercially available pharmaceutical
formulations. The results of the proposed methods were compared with those
obtained by the official method ©" ¥ (Table 4).

These results were compared with those obtained from the reference
spectrophotometric methods for GMF, MXF and GAF dosage forms by
statistical analysis with respect to the accuracy (by student's t-test) and precision
(by F-test) ®%. No significant differences were found between the calculated
and theoretical values of t- and F-tests at 95% confidence level proving similar
accuracy and precision in the determination of the studied drugs by the
proposed and references methods .
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TABLE 4. Application of the proposed method to the determination of the studied
drugs in its pharmaceutical preparations .

Sample Proposed method Reported method

GMF

Quinabiotic X +SD? 99.63+ 0.4000 99.2+ 0.9833
t-Value” 0.91 (2.57)**
F-Value® 6.043 (6.388)**

MXF

Moxifloxacin X +SD? 99.94 +0.3200 99.90 + 0.8800
t-Value® 0.204 (2.31)**
E-Value® 7.5625 (6.388)**

GAF

Gatiflox X +SD? 99.93 + 0.6600 101.73 +1.36
t-Value® 1.982 (2.45)**
F-ValueP 4.246 (6.388)**

“Mean values for five replicates, " the values between brackets are the tabulated F- and t-values
at P =0.05.

Conclusion

The data given above reveal that the proposed method is simple, accurate
and sensitive with good precision and accuracy. Also, the reagent utilized in the
proposed method is cheaper, readily available and the procedure does not
involve any critical reaction conditions or tedious sample preparation. Thus, this
proposed spectrophotometric method can be successfully applied for the
determination of GMF, MXF and GAF in the pure form and in pharmaceutical

preparations.
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