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Simple, rapid, and extractive spectrophotometric methods were developed for the determination of some fluoroquinolones
antibiotics: gemifloxacin mesylate (GMF), moxifloxacin hydrochloride (MXF), and enrofloxacin (ENF) in pure forms and
pharmaceutical formulations. These methods are based on the formation of ion-pair complexes between the basic drugs and acid
dyes, namely, bromocresol green (BCG), bromocresol purple (BCP), bromophenol blue (BPB), bromothymol blue (BTB), and
methyl orange (MO) in acidic buffer solutions. The formed complexes were extracted with chloroform and measured at 420, 408,
416, 415, and 422 nm for BCG, BCP, BPB, BTB, and MO, respectively, for GMF; at 410, 415, 416, and 420 nm for BCP, BTB, BPB,
and MO, respectively, for MXF; and at 419 and 414 nm for BCG and BTB, respectively, in case of ENF. The analytical parameters
and their effects are investigated. Beer’s law was obeyed in the ranges 1.0–30, 1.0–20, and 2.0–24𝜇g mL−1 for GMF, MXF, and
ENF, respectively. The proposed methods have been applied successfully for the analysis of the studied drugs in pure forms and
pharmaceutical formulations. Statistical comparison of the results with the reference methods showed excellent agreement and
indicated no significant difference in accuracy and precision.

1. Introduction

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 bymicroorganisms that are resist-
ant to other microbials, such as tetracyclines. Also, they have
some activity againstmycobacteria,mycoplasmas, rickettsias,
and the protozoan Plasmodium falciparum [1–3]. There is a
substantial body of literature related to both the mechanism
of their action as DNA gyrase inhibitors and the influence of
systematic structural modifications on their biological activ-
ity. Gemifloxacinmesylate (GMF) is (R,S)-7-[(4Z)-3-(amino-
methyl)-4-(methoxyimino)-1-pyrrolidinyl]-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic
acid methanesulfonate. Moxifloxacin (MXF) is {1-cyclopro-

pyl-7-[2,8-diazobicyclo (4.3.0) nonane]-6-fluoro-8-meth-
oxy-1,4 dihydro-4-oxo-3-quinolone carboxylic acid}. Enro-
floxacin (ENF) is (1 cyclopropyl-7-(4-ethyl-1-piperazinyl)-
6-fluoro-1,4-dihydro-4-oxo-3-quinolone carboxylic acid)
(Scheme 1). GMF and MXF are fourth-generation synthetic
broad-spectrum 8-methoxy fluoroquinolone antibacterial
drug derivatives. Due to their clinical advantages, GMF and
MXF are receiving a great interest and there was an increase
in number of their pharmaceutical dosage forms in the mar-
ket in the recent past. Enrofloxacin is the first fluoroquinolone
developed for veterinary application and is potentially avai-
lable for the treatment of some urinary tract, respiratory tract,
and skin infectious diseases in pets and livestock [2]. There
are no official (pharmacopoeia) methods that have been
found for the assay of GMF andMXF in their pharmaceutical
formulations. ENF is official in the United States Pharma-
copeia (USP) [4].
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Scheme 1: The chemical structure of the studied fluoroquinolones.

Several methods have been reported for the determina-
tion of fluoroquinolones either in pure forms, dosage forms,
or biological fluids like chromatography [5–9], microchip
electrophoresis [10], chiral counter-current chromatography
[11], capillary zone electrophoresis [12], electrochemistry [13–
15], atomic absorption spectrometry [16, 17], and spectroflu-
orimetry [18–21]. 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 effect-
ive 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 [22–32], MXF
[16, 33–40], and ENF [17, 41–47]. These methods were asso-
ciated with some major drawbacks such as decreased select-
ivity due to measurement in ultraviolet region and/or de-
creased simplicity of the assay procedure (e.g., tedious precip-
itation, 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 spectro-
photometric method for the determination of the studied
drugs in their pharmaceutical dosage forms.

In the present work, we report the development of accur-
ate and precise extractive spectrophotometric methods based
on the chloroform soluble ion-pair complexes between the
studied fluoroquinolone antibiotics (GMF, MXF, and ENF)
and some acid dyes (BCG, BCP, BTB, BPB, or MO). The
absorbance measurements were measured at optimumwave-
lengths. The proposed methods were applied successfully for
the determination of the studied drugs in pure and dosage
forms. No interference was observed from the additives. The
methods provide rapid, economic procedures andmore sens-
itive compared to the previously reported spectrophotomet-
ric methods. These methods were validated by the statistical
data.

2. Experimental

2.1. Apparatus. All absorption spectra were made using Kon-
tron Unikon 930 (UV-Visible) spectrophotometer (German)
with a scanning speed of 200 nm/min and a band width of
2.0 nm, equipped with 10mm matched quartz cells. The pH

values of different buffer solutions were checked using a
Hanna pH-meter instrument (pH 211) (Romania) equipped
with a combined glass-calomel electrode.

2.2. Materials and Reagents. All reagents and chemicals used
were of analytical or pharmaceutical grade and all solutions
were prepared fresh daily.

Materials. Pharmaceutical grade gemifloxacin mesylate
(GMF) was supplied by Al-Obour Pharmaceutical and
Chemical Industries Company, Egypt. Moxifloxacin hydro-
chloride (MXF) reference standard was provided by Sabaa,
Kahira Company, Egypt. Enrofloxacin (ENF) was kindly pro-
vided by Pharma Swede, Egypt (AVICO).

All pharmaceutical preparations were obtained from
commercial sources in the local markets. Factive tablets were
obtained from Oscient Pharmaceuticals Corporation, USA,
labeled to contain 320mg GMF per tablet; Flobiotic tablets
were obtained from Hikma Pharmaceutical and Chemical
Industries Company, Egypt, labeled to contain 320mg GMF
per tablet. GemiQue tablets were obtained fromObour Phar-
maceutical andChemical Industries Company, Egypt, labeled
to contain 320mg GMF per tablet. Avelox tablets were ob-
tained from Bayer, Germany, labeled to contain 400mgMXF
per tablet. Moxiflox tablets were obtained from EVA Pharm.
& Chem. Ind. Company, Egypt, labeled to contain 400mg
MXF per tablet. Moxifloxacin tablets were obtained from
Sabaa International Company for Pharmaceuticals and
Chemical Industries, S.A.E., labeled to contain 400mg MXF
per tablet. Enrocin 10% injectable (Alexandria Company for
Pharmaceuticals and Chemical Industries, Alexandria,
Egypt) was labeled to contain 10% ENR and Avitryl 20% in-
jectable (AVICO Veterinary Pharmaceuticals) was labeled to
contain 200mg ENR.

2.3. Preparation of Stock Standard Solutions. Stock standard
solutions of GMF, MXF, and ENR (100 𝜇g mL−1 and 1.0 ×
10−3M) were prepared by dissolving an exact weight of pure
drugs in least amount of 0.1M HCl; the mixture was warmed
at 50∘C in a water bath for 5.0min, agitated by an electrical
shaker for another 5.0min, cooled to room temperature, and
diluted to 100mL with bidistilled water in a 100mL measur-
ing flask.The standard solutions were found stable for at least
one week without alteration when kept in an amber coloured
bottle and stored in a refrigerator when not in use.
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2.4. Reagents. Bromocresol green (BCG), bromocresol pur-
ple (BCP), bromophenol blue (BPB), bromothymol blue
(BTB), and methyl orange (MO) (BDH Chemicals Ltd.,
Poole, England)were usedwithout further purification. Stock
solutions (1.0 × 10−3M) of reagents were prepared by dissolv-
ing the appropriate weight of each reagent in 10mL of 96%
ethanol and diluted to 100mL with bidistilled water. These
solutions are stable for at least one week if kept in the refrig-
erator.

Series of buffer solutions of KCl-HCl (pH = 1.5–4.2),
NaOAc-HCl (pH= 1.99–4.92),NaOAc-AcOH(pH=3.0–5.6),
and potassium hydrogen phthalate-HCl (pH = 2.0–7.0) were
prepared by following the standard methods [48].

2.5. General Procedures

2.5.1. For GMF. Aliquots of (0.1–3.0mL) the standard drug
solution (100 𝜇g mL−1) were transferred to 10mL measuring
flasks and added 2.0mL of acetate buffers of pH 3.0 and 3.5
using (BCGor BCP) and (BPB, BTB orMO), respectively and
then added 2.0mL of all reagent solutions (1.0 × 10−3M).The
mixture was extracted twice with 10mL chloroform by shak-
ing for 2.0min and then allowed to stand for clear separation
of the two phases and the chloroform layer was passed
through anhydrous sodium sulphate. The absorbance of the
yellow colored complexes was measured at 420, 408, 416, 415,
and 422 nm, using BCG, BCP, BPB, BTB, and MO, respec-
tively, against corresponding reagent blank similarly pre-
pared. All measurements were made at room temperature
(25± 2∘C).Theprocedureswere repeated for other analyte ali-
quots and calibration plots were drawn to calculate the
amount of drugs in unknown analyte samples.

2.5.2. For MXF. Aliquots of (0.1–2.0mL) the standard drug
solution (100 𝜇g mL−1) were transferred to 10mL measuring
flasks and added 2.0mL of potassium hydrogen phthalate-
HCl buffer of pH 3.5 and 3.0 using BCP or MO and BPB or
BTB, respectively, then added to 2.0mL of all reagent solu-
tions (1.0 × 10−3M). The mixture was extracted twice with
10mL chloroform by shaking for 2.0min and then allowed to
stand for clear separation of the two phases and the chloro-
form layer was passed through anhydrous sodium sulphate.
The absorbance of the yellow colored complexes was mea-
sured at 410, 415, 416, and 420 nm using BCP, BTB, BPB, and
MO, respectively, against corresponding reagent blank simi-
larly prepared. Allmeasurements weremade at room temper-
ature (25 ± 2∘C).The procedures were repeated for other ana-
lyte aliquots and calibration plots were drawn to calculate the
amount of drugs in unknown analyte samples.

2.5.3. For ENF. Aliquots of (0.2–2.4mL) the standard drug
solution (100 𝜇g mL−1) were transferred to 10mL measuring
flasks and added 2.0mL of acetate buffer of pH 3.0 using BCG
or BTB and then added to 2.0mL of reagent solutions (1.0 ×
10−3M). The mixture was extracted twice with 10mL chloro-
form by shaking for 2.0min, then allowed to stand for clear
separation of the two phases and the chloroform layer was

passed through anhydrous sodium sulphate. The absorbance
of the yellow colored complexes was measured at 419 and
414 nm using BCG and BTB, respectively, against corres-
ponding reagent blank similarly prepared. All measurements
were made at room temperature (25 ± 2∘C). The procedures
were repeated for other analyte aliquots and calibration plots
were drawn to calculate the amount of drug in unknown ana-
lyte samples.

2.6. Applications to Pharmaceutical Formulations

2.6.1. Procedure for Tablets. The contents of ten tablets (Fac-
tive, Flobiotic, or GemiQue) labeled to contain 320mg GMF
per tablet and (Avelox orMoxiflox) labeled to contain 400mg
MXF per tablet were crushed, powdered, and weighted out
and the average weight of one tablet was determined. An
accurate weight equivalent to 10mg GMF or MXF was dis-
solved in 20mL of 0.5MHClwith shaking for 5.0min and fil-
tered.The filtrate was diluted to 100mL with bidistilled water
in a 100mL measuring flask to give 100𝜇g mL−1 stock solu-
tion. An aliquot of the diluted drug solution was treated as
described previously.

2.6.2. Procedure for Injection. Accurate volumes of Enrocin
10% or Avitryl 20% of injectable quantity equivalent to
200mg were extracted with 10mL of 0.5M HCl, diluted with
water, and sonicated for about 5.0min. The extracts were
transferred into 100mL volumetric flasks and then diluted to
volumewith bidistilledwater. Aliquots of these solutionswere
transferred into a series of 10mL volumetric flasks, and the
analysis was completed as previously mentioned.

2.7. Stoichiometric Relationship. The stoichiometric ratios of
the ion-associates formed between the drugs under investiga-
tion and the reagents were determined by applying the con-
tinuous variation [49] and the molar ratio [50] methods at
the wavelengths of maximum absorbance. In continuous var-
iation method, equimolar solutions were employed: 5.0 ×
10−4M standard solutions of drug and 5.0 × 10−4M solutions
of dye were used. A series of solutions was prepared in which
the total volume of the studied drugs and the dye was kept at
2.0mL.The drug and reagent were mixed in various comple-
mentary proportions (0 : 2, 0.2 : 1.8, 0.4 : 1.6,. . .,2 : 0, inclusive)
and completed to volume in a 10 mL calibrated flask with
the appropriate solvent for extraction following the above
mentioned procedure. In themolar ratiomethod, the concen-
trations of GMF, MXF, and ENF are kept constant (1.0mL of
5.0 × 10−4M) while that of dyes (5.0 × 10−4M) are regularly
varied (0.2–2.4mL). The absorbance of the prepared solu-
tions optimum is measured at optimum condition at wave-
length for each complex.

3. Results and Discussion

3.1. Absorption Spectra. The nitrogenous drugs are present in
positively charged protonated forms and anionic dyes of sul-
fonephthalein group present mainly in anionic form at pH ≥
2.5. So when treated with an acid dye at pH range 2.8–4.0 of
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acidic buffers solutions, a yellow ion-pair complex which is
extracted with chloroform is formed. The absorption spectra
of the ion-pair complexes, which were formed between GMF,
MXF, or ENF and reagents, were measured in the range 350–
550 nm against the blank solution.The ion-pair complexes of
GMF and BCG, BCP, BPB, BTB, and MO show maximum
absorbance at 420, 408, 416, 415, and 422 nm, respectively; of
MXF and BCP, BTB, BPB, and MO show maximum absorb-
ance at 410, 415, 416, and 420 nm, respectively and of ENF and
BCGandBTB showmaximumabsorbance at 419 and 414 nm,
respectively.

3.2. Optimum Reaction Conditions for Complex Formation.
The optimization of the methods was carefully studied to
achieve complete reaction formation, highest sensitivity, and
maximum absorbance.

3.2.1. Effects of pH on Ion-Pair Formation. The effect of pH on
the drug-reagent complex was studied by extracting the col-
ored complexes in the presence of various buffers. It was
noticed that themaximumcolor intensity andhighest absorb-
ance value were observed in NaOAc-AcOH buffer of pH 3.0
or 3.5 using BCG or BCP and BPB, BTB, or MO, respectively,
for GMF (Figure 1) and pH 3.0 using BCG or BTB for ENF.
Whereas forMXF, the highest absorbance valuewas observed
in potassium hydrogen phthalate-HCl buffer of 3.0 and 3.5
using BCP or MO and BPB or BTB, respectively, in addition
to the stability of the color without affecting the absorbance at
the optimum pH values. Further, 2.0 mL of the buffers solu-
tions gave maximum absorbances and reproducible results.

3.2.2. Effect of Extracting Solvents. The effect of several or-
ganic solvents, namely, chloroform, carbon tetrachloride,
methanol, ethanol, acetonitrile, 𝑛-butanol, benzene, acetone,
ethyl acetate, diethyl ether, toluene, dichloromethane, and
chlorobenzene, was studied for effective extraction of the col-
ored species from aqueous phase. Chloroform was found to
be the most suitable solvent for extraction of colored ion-pair
complexes for all reagents quantitatively. Experimental re-
sults indicated that double extractionwith total volume 10mL
chloroform, yielding maximum absorbance intensity, stable
absorbance for the studied drugs and considerably lower
extraction ability for the reagent blank and the shortest time
to reach the equilibrium between both phases.

3.2.3. Effects of Reagents Concentration. The effect of the rea-
gents was studied by measuring the absorbance of solutions
containing a fixed concentration of GMF, MXF, or ENF and
varied amounts of the respective reagents. Maximum color
intensity of the complex was achieved with 2.0mL of 1.0 ×
10−3M of all reagents solutions, although a larger volume of
the reagent had no pronounced effect on the absorbance of
the formed ion-pair complex (Figure 2).

3.2.4. Effect of Time and Temperature. The optimum reaction
time was investigated from 0.5 to 5.0min by following the
color development at ambient temperature (25 ± 2∘C). Com-
plete color intensity was attained after 2.0 min of mixing for
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Figure 1: Effect of pH of acetate buffer solution on ion-pair complex
formation between GMF and (1.0 × 10−3M) reagents.
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Figure 2: Effect of volume of (1.0 × 10−3M) reagent on the ion-pair
complex formation with GMF.

all complexes.The effect of temperature on colored complexes
was investigated bymeasuring the absorbance values at differ-
ent temperatures. It was found that the colored complexes
were stable up to 35∘C. At higher temperatures, the drug con-
centration was found to increase due to the volatile nature of
the chloroform.The absorbance remains stable for at least 12 h
at room temperature for all reagents.

3.3. Stoichiometric Relationship. The stoichiometric ratio bet-
ween drug and dye in the ion-pair complexes was determined
by the continuous variationsmethod (Figure 3). Job’s method
of continuous variation of equimolar solutionswas employed:
a 5.0× 10−4Mstandard solution of drug base and 5.0× 10−4M
solution of BCG, BCP, BPB, BTB, or MO, respectively, were
used.A series of solutionswas prepared inwhich the total vol-
ume of drug and reagent was kept at 2.0mL for BCG, BCP,
BPB, BTB, and MO, respectively. The absorbance was mea-
sured at the optimum wavelength. The results indicate that
1 : 1 (drug : dye) ion-pairs are formed through the electrostatic
attraction between positive protonated GMF+, MXF+, or
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Figure 3: Job’s method of continuous variation graph for the reaction of MXF with dyes BCP, BPB, BTB, and MO, [drug] = [dye] = 5.0 ×
10−4M.

C

O

OBr C

O O

C

OHOHOHO OH

Br
BrBr

Br
Br Br

BrBrBrBrBrBr

O

Bromophenol blue
(lactoid ring)

(quinoid ring)

C

O

Br

Br
Br

BrBr

Br

Br

Br

HO O

pH = 3.0

C

OHO
O

MXF-BPB ion-pair complex

BPB salt

N

F
O

COOH

COOH

N

N

N

F
O

N

MXF

SO2 SO3H

+

+

H+

+NH

SO3

−

SO3

−

SO3

−

CH3

CH3

Scheme 2: Proposed mechanism of the reaction between MXF and BPB salt.



6 Journal of Analytical Methods in Chemistry

ENF+ and negative BCG−, BCP−, BPB−, BTB−, andMO−.The
extraction equilibrium can be represented as follows:

GMF+
(aq) + D

−

(aq) ←→ GMF+D−
(aq) ←→ GMF+D−

(org), (1)

where GMF+ and D− represent the protonated GMF and the
anion of the dye, respectively, and the subscripts (aq) and
(org) refer to the aqueous and organic phases, respectively
(Scheme 2).

3.4. Conditional Stability Constants (𝐾
𝑓

) of Ion-Pair Com-
plexes. The stability of the ion-pair complexes was evaluated.
The formation of the ion-pair complexes was rapid and the
yellow color extracts were stable at least for 12 h for drug-dye
without any change in color intensity and with the maximum
absorbance at room temperature. The conditional stability
constants (𝐾

𝑓

) of the ion-pair complexes for the studied drug
were calculated from the continuous variation data using the
following equation [51]:

𝐾
𝑓

=
𝐴/𝐴
𝑚

[1 − 𝐴/𝐴
𝑚

]
𝑛+1

𝐶
𝑀

(𝑛)
𝑛

, (2)

where 𝐴 is the observed maximum absorbance, 𝐴
𝑚

is the
absorbance value corresponding to intersection of the two
tangents of the curve, 𝐶

𝑀

is the mole concentration corre-
sponding tomaximumabsorbance, and 𝑛 is the stoichiometry
with which dye ion associates with drugs. The log𝐾

𝑓

values
for drug-dye ion-pair associates were calculated in Table 1.

3.5. Method of Validation

3.5.1. Linearity. At described experimental conditions for
GMF, MXF, and ENF determination, standard calibration
curves with reagents were constructed by plotting absorbance
versus concentration.The statistical parameters were given in
the regression equation calculated from the calibration
graphs. The linearity of calibration graphs was proved by the
high values of the correlation coefficient (𝑟) and the small val-
ues of the𝑦-intercepts of the regression equations.The appar-
ent molar absorptivities of the resulting colored ion-pair
complexes and relative standard deviation of response factors
for each proposed spectrophotometric method were also cal-
culated and recorded in Table 1. The molar absorptivity of
BCP>BCG>BTB>MO>BPB ion-pair complexes forGMF,
while for MXF the molar absorptivity of BCP > BTB > BPB >
MO ion-pair complexes, also, the molar absorptivity of
BCG > BTB ion-pair complexes for ENF.

3.5.2. Sensitivity. The limits of detection (LOD) and quantita-
tion (LOQ) for the proposed methods were calculated using
the following equation [51, 52]:

LOD = 3𝑠
𝑘
, LOQ = 10𝑠

𝑘
, (3)

where is the standard deviation of the response of the blank or
the standard deviation of intercepts of regression lines and 𝑘
is the sensitivity, namely, the slope of the calibration graph.

In accordance with the formula, the limits of detection for
GMFwere found to be 0.23, 0.26, 0.52, 0.28, and 0.87 𝜇gmL−1
for BCG, BCP, BTB, BPB, and MO methods, respectively.
Whereas, for MXF the detection limits were found to be 0.21,
0.56, 0.25, and 0.41 𝜇g mL−1 for BCP, BTB, BPB, and MO
methods, respectively. Also, for ENF the detection limits were
found to be 0.48 and 0.51 𝜇gmL−1 for BCGandBTBmethods,
respectively.

According to this equation, the limit of quantitation for
GMF was found to be 0.77, 0.87, 1.73, 0.93, and 2.90 𝜇gmL−1
for BCG, BCP, BTB, BPB, and MO methods, respectively.
Whereas, for MXF the detection limits were found to be 0.70,
1.87, 0.83, and 1.37 𝜇gmL−1 for BCP, BTB, BPB, and MO
methods, respectively. Also, for ENF the detection limits were
found to be 1.6 and 1.70𝜇g mL−1 for BCG and BTB methods,
respectively.

3.5.3. Accuracy and Precision. Specificity of ion-pair reaction
and selective determination of GMF, MXF, and ENF which
were the basic nitrogenous compounds with acid dyes could
be possible. Percentage relative standard deviation (RSD%) as
precision and percentage relative error (RE%) as accuracy of
the suggestedmethods were calculated. Precision was carried
out by six determinations at four different concentrations in
these spectrophotometric methods. The percentage relative
error was calculated using the following equation:

RE% = [ founded − added
added

] × 100. (4)

The interday and intraday precision and accuracy results
are shown in Tables 2, 3, and 4. These results of accuracy and
precision show that the proposed methods have good repeat-
ability and reproducibility.

3.5.4. Robustness and Ruggedness. For the evaluation of the
method robustness, some parameters were interchanged: pH,
dye concentration, wavelength range, and shaking time. The
capacity remains unaffected by small deliberate variations.
Method ruggedness was expressed as RSD% of the same pro-
cedure applied by two analysts and with two different instru-
ments on different days. The results showed no statistical dif-
ferences between procedures done with different analysts and
instruments suggesting that the developed methods were
robust and rugged.

3.6. Effects of Interference. To assess the usefulness of the
method, the effect of diluents, excipients, and additives which
often accompany GMF, MXF, and ENF in their dosage forms
(starch, lactose, glucose, sucrose, talc, sodium chloride, tita-
nium dioxide, and magnesium stearate) was studied. The re-
sults indicated that there is no interference from excipients
and additives, indicating a high selectivity for determining
the studied GMF, MXF, and ENF in their dosage forms.

3.7. Analysis of Pharmaceutical Formulations. The proposed
methods have been successfully applied to the determination
of GMF, MXF, and ENF in pharmaceutical dosage forms. Six
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Table 7: Determination of ENF in its pharmaceutical dosage forms applying the standard addition technique.

ReagentTaken (𝜇gmL−1) Pure drug added (𝜇gmL−1) Enrocin 10% injectable Avitryl 20% injectable
Total found (𝜇gmL−1) Recovery %a

± SD Total found (𝜇gmL−1) Recovery % ± SD

BCG
5.0 5.0 9.92 99.20 ± 0.48 9.94 99.40 ± 0.46

10 14.94 99.60 ± 0.66 15.20 100.10 ± 0.72
15 19.98 99.90 ± 0.82 19.90 99.50 ± 1.05

BBTB
5.0 5.0 10.05 100.50 ± 0.56 9.97 99.70 ± 0.52

10 14.91 99.40 ± 0.83 15.05 100.30 ± 0.69
15 19.84 99.20 ± 1.20 19.82 99.10 ± 0.95

aAverage of six determinations.

Table 8: Application of the proposed methods for the determination of GMF, MXF, and ENF in their pharmaceutical preparations.

Samples Reported methodsc Proposed methods
BCG BCP BPB BTB MO

Factive tablets
X ± SDa

100.08 ± 0.56 99.90 ± 0.62 100.15 ± 0.74 99.75 ± 0.53 99.80 ± 0.71 100.20 ± 0.59

t-valueb 0.20 0.07 0.39 0.28 0.13
F-valueb 1.23 1.75 1.12 1.61 1.11

Flobiotic tablets
X ± SDa

99.94 ± 0.68 99.68 ± 0.80 99.79 ± 0.57 99.90 ± 0.73 100.10 ± 0.84 100.20 ± 0.77

t-valueb 0.23 0.15 0.04 0.14 0.23
F-valueb 1.38 1.42 1.15 1.53 1.67

GemiQue tablets
X ± SDa

99.85 ± 0.49 99.70 ± 0.60 100.05 ± 0.57 99.60 ± 0.38 99.96 ± 0.55 99.55 ± 0.63

t-valueb 0.18 0.24 0.37 0.14 0.34
F-valueb 1.50 1.35 1.66 1.26 1.65

Avelox tablets
X ± SDa

99.03 ± 0.97 99.60 ± 0.74 99.35 ± 0.96 99.10 ± 1.20 99.50 ± 0.82

t-valueb 0.47 0.21 0.04 0.34
F-valueb 1.72 1.02 1.53 1.40

Moxiflox tablets
X ± SDa

99.34 ± 0.34 99.15 ± 0.52 99.50 ± 0.46 99.62 ± 0.43 99.55 ± 0.60

t-valueb 0.28 0.26 0.47 0.28
F-valueb 2.34 1.83 1.60 3.11

Moxifloxacin tablets
X ± SDa

99.94 ± 0.92 99.70 ± 1.05 99.85 ± 0.80 100.15 ± 0.98 99.90 ± 0.84

t-valueb 0.16 0.07 0.14 0.03
F-valueb 1.30 1.32 1.13 1.20

Enrocxin 10% injectable
X ± SDa

99.85 ± 0.43 99.70 ± 0.68 100.10 ± 0.32

t-valueb 0.17 0.43
F-valueb 2.50 1.81

Avitryl 20% injectable
X ± SDa

99.78 ± 0.64 99.50 ± 0.48 99.46 ± 0.47

t-valueb 0.32 0.37
F-valueb 1.78 1.85

aAverage of six determinations.
bTheoretical values for 𝑡- and 𝐹-values at five degrees of freedom and 95% confidence limit are 𝑡 = 2.57 and 𝐹 = 5.05.
cReported spectrophotometric methods for GMF [29], MXF [40], and ENF [44].
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replicate determinations were made. Moreover, to check the
validity of the proposed methods, dosage forms were tested
for possible interference with standard addition method
(Tables 5, 6, and 7). There was no significant difference bet-
ween slopes of calibration curves and standard addition
methods.Therefore it is concluded that the excipients in phar-
maceutical dosage forms of GMF, MXF, and ENF were not
found any interference in the analysis of GMF,MXF, and ENF.
At 95% confidence level the calculated 𝑡- and𝐹-values did not
exceed the theoretical𝐹-value indicating no significant differ-
ence between the proposed methods and the reported meth-
ods for GMF [29], MXF [40], and ENF [44] (Table 8) [52].
The results show that satisfactory recovery datawere obtained
and the assay results were in good agreement with the
reported methods.

4. Conclusion

This paper describes the application of extractive ion-pair
complexation reactionwith acid dyes for the quantification of
some fluoroquinolones antibiotics (GMF, MXF, and ENF) in
pure forms and pharmaceutical formulations. Compared
with the existing visible spectrophotometric methods, the
proposed methods have the advantages of being relatively
simple, rapid, cost-effective, free from auxiliary reagents, and
more sensitive for determination of the studied drugs in pure
form and pharmaceutical formulations. Moreover, the pro-
posedmethods are free from tedious experimental steps such
as heating unlike the previously reported spectrophotometric
methods cited earlier. The most attractive feature of these
methods is their relative freedom from interference by the
usual diluents and excipients in amounts far in excess of their
normal occurrence in pharmaceutical formulations. The
statistical parameters and the recovery data reveal high preci-
sion and accuracy of the methods besides being robust and
rugged. Therefore, the validated method could be useful for
routine quality control assay of the studied drugs in pure
forms and pharmaceutical formulations.
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