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A B S T R A C T

Herein, a simple and accurate spectrophotometric method was developed to detect gatifloxacin (HGAT) in a pure
and ophthalmic formulation. The method depends on complexation of HGAT with Co (II), Ni (II) and La(III) ions
in ethanol medium at room temperature. The experimental conditions have been investigated to reach optimum
conditions for HGAT-metal ions interaction, including detection of a suitable wavelength, medium pH, reaction
time and reactants concentration. Moreover, the composition of these complexes in addition to their stability
constants were also investigated and the result indicated that the molar ratio of HGAT: Metal ion is 1:1 for Ni (II)
and La(III) ions and 1:2 for Co (II) ion. Beer's law plots were obeyed in the concentration ranges 18.77–150.16,
18.77–131.39 and 18.77–112.62 (μg mL�1) for Co(II), Ni(II) and La(III) ions interaction, respectively. The
apparent molar absorptivity, Sandell's sensitivity, standard deviation, detection and quantification limits were
calculated. The proposed method was successfully applied for the determination of HGAT in the bulk and
ophthalmic formulation. The obtained results were compared statistically with other published methods and the
results were in good agreement with those obtained by reported methods.
1. Introduction

Gatifloxacin (HGAT), Figure 1 is an important member of fluo-
roquinolone family known as [1-cyclopropyl-6-fluoro-1,4-dihydro-8-
methoxy-7-(3-methyl piperazine-1-yl)-4-oxo-3-quinoline carboxylic
acid] and has been widely used to treat the infections in human medicine
caused by Gram-positive and Gram-negative bacteria [1, 2]. Although in
reviewing the literature, no official technique has yet been reported for
HGAT evaluation in its bulk and pharmaceutical formulation [3, 4], there
are a lot of analytical methods have been reported by many researchers
describe HGAT determination including UV-vis spectrophotometry,
atomic absorption spectrophotometry, spectrofluorometry, liquid chro-
matography, high-performance liquid chromatography, liquid
chromatography-mass spectrometry, fluorescence methods, capillary
electrophoresis and flow injection analysis [5, 6, 7, 8, 9, 10]. Generally,
UV-vis spectrophotometric determination is the most widely used
method for drugs determination in their dosage forms due to its
simplicity, low cost and wide availability in laboratories [11]. Based on
the literature review, various methods have been reported for HGAT
determination using UV-vis spectrophotometry [12, 13, 14, 15] but there
zhabdelwahab@yahoo.com (Z.H.

0 October 2020; Accepted 18 Jan
is an open access article under t
is few reports describe HGAT determination via its interaction with the
metal ions in solution [16].

For that reason, our study aimed to develop and validate a novel
simple and sensitive spectrophotometric method for HGAT determina-
tion in its bulk and ophthalmic formulation (Tymer sample) through its
interaction with Co(II), Ni(II) and La(III) ions in solution. The experi-
ments were also performed to investigate the stability constant of HGAT -
metal ions interaction. Also, the proposed method was compared with
other published methods to evaluate its use in routine assay for its
pharmaceutical dosage forms.

2. Experimental section

2.1. Chemicals and pharmaceutical formulations

HGAT drug has a potency of 99.20 % (Batch No. JT20151102) was
kindly supplied by Delta Grand Pharma. HGAT in its ophthalmic
formulation as Tymer sample; 5 mL (0.3% sterile ophthalmic solution)
labeled to be 3 mg HGAT/1mL (Batch No. WC0061) produced by Jam-
joom Pharmaceuticals Co., Jeddah, Saudi Arabia. Cobalt (II) Chloride
hexahydrate (Merck), nickel (II) chloride hexahydrate (Aldrich) and
Abd El-Wahab).
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Figure 1. The skeleton structure of gatifloxacin, HGAT.
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lanthanum (III) Chloride hexahydrate (Fluka). Hydrochloric, nitric and
sulphuric acids in addition to lithium hydroxide monohydrate (EL-Nasr
Chemical Co. Egypt). Ethanol 99.99 % (ADWIC). Disodium salt of eth-
ylenediaminetetraacetic acid, Na2-EDTA (Prolabo); ammonia solution
25% (Abco Chemie ENG. LTD); xylenol orange were analytical grade and
were used as supplied. De-ionized water was used in the preparation of
the required solutions.

2.2. Apparatus

2.2.1. UV–visible absorption spectral measurements
For the absorbance measurements, UV-Vis spectrophotometer, model

UNICAM equipped with quartz cell of 1 cm optical length in the range
200–800 nm was used. The instrument recorded the signal of absorbance
(A) vs. wavelength (λ/nm).

2.2.2. Atomic absorption spectrometer measurements
The atomic absorption measurements to determine the concentration

of metal ions/drug under study were carried out using a SOLAAR atomic
absorption series spectrometer.

2.2.3. The pH measurement
The pH value of the prepared solutions was monitored using JENWAY

3450 pH and conductivity Meter. The pH meter was calibrated with
standard buffer solutions (pH 4.0 and 7.0) before the pH measurements.

2.3. Preparation of stock solution

2.3.1. Cobalt chloride solution
A weight of 0.2379 g of cobalt chloride hexahydrate, CoCl2.6H2O was

dissolved in a small amount of ethanol then completed to 100 ml in a
measuring flask to obtain 1 � 10�2 ML�1 solution. The concentration of
CoCl2.6H2O solution was checked by SOLAAR atomic absorption series
spectrometer.

2.3.2. Nickel chloride solution
A weight of 0.2377 g of nickel chloride hexahydrate, NiCl2.6H2O was

dissolved in a small amount of ethanol then completed to 100 ml in a
measuring flask to obtain 1 � 10�2 ML�1 solution. The concentration of
NiCl2.6H2O solution was checked by SOLAAR atomic absorption series
spectrometer.

2.3.3. Lanthanum chloride solution
Aweight of 0.3534 g of lanthanum chloride hexahydrate, LaCl3.6H2O

was dissolved in a small amount of ethanol then completed to 100mL in a
measuring flask to obtain an approximate 1 � 10�2 ML�1 solution. The
concentration of LaCl3.6H2O solution was checked complexometrically
using xylenol orange as an indicator [17, 18].

2.3.4. Lithium hydroxide solution
An aqueous solution of lithium hydroxide monohydrate 1 � 10�2

ML�1 was prepared by appropriate dilution of a standard concentrated
solution (1.0 M) with deionized water in a volumetric flask.

2.3.5. Hydrochloric acid solution
An aqueous solution of hydrochloric acid (1 � 10�2 ML�1) was pre-

pared by appropriate dilution of the standard concentrated solution (1.0
M) with deionized water in a volumetric flask.

2.3.6. Working solution of bulk and ophthalmic sample of gatifloxacin
For a bulk sample of HGAT in its pure powder form, a stock solution of

1 � 10�2 ML�1 is prepared by dissolving 0.3754 g of HGAT in the least
amount of ethanol then completed to 100 mL in a measuring flask. The
required working solutions were freshly prepared by accurate dilution of
the stock solution as needed. For the ophthalmic sample, the content of
two containers was mixed well by shaking then an aliquot of 1, 2 and 3
2

mL of the resulting solution were transferred separately to a 100 mL
volumetric flask and the volume was completed to the mark with bidis-
tilled water to obtain a sample solution containing 30, 60 and 90 μg/mL
of HGAT. After that, aliquots covering the working concentration ranges
were analyzed as described under the construction of the calibration
curve. The concentration of HGAT was determined using, either the
calibration curves or the corresponding regression equation.

2.4. Gatifloxacin - metal ions interaction and optimized conditions

To establish the most favorable conditions for HGAT - metal ions
interaction, different experimental conditions are carefully studied and
optimized such as a selection of a suitable wavelength for measurement,
pH of the medium, reaction time and concentration of the reactants.
Moreover, for optimization of the reaction conditions, the studied
parameter was varied while the others were kept constant.

2.4.1. Selection of analytical wavelength
For the selection of the analyticalwavelength of HGAT, theworking test

solution of HGAT (1� 10�2 ML�1) was scanned between 200 to 900 nm at
room temperature using a UV–Vis spectrophotometer against ethanol as
blank. Additionally, the analytical wavelength for HGAT - metal ions
interaction can bedetected as; in a clean calibrated 5mL volumetricflask, 1
mLof 1� 10�2ML�1 of CoCl2.6H2O,NiCl2.6H2O and LaCl3.6H2O solution,
separately added to 1 mL of 1 � 10�2 ML�1 of HGAT solution, then each
solution was made up to the mark with ethanol and mixed thoroughly by
shaking. After that, a portion of each solutionwas carefully transferred into
a 1 cm quartz cell and the absorption was recorded at room temperature
over a spectral range of 200–900 nm by scanning on a UV–Vis spectro-
photometer against ethanol as blank [19]. Finally, the wavelength with the
maximum absorbance, λmax, namely was determined.

2.4.2. pH value of the medium
For the pH- optimization experiment, 1.0 M HCl/LiOH.H2O was used

and all pH values were measured by a pH meter at room temperature till
turbidity or formation of a precipitate was observed. Typically, in a clean
calibrated 5 ml flask, 1 mL of 1 � 10�2 ML�1 of CoCl2.6H2O, NiCl2.6H2O
and LaCl3.6H2O solution, separately added to 1 mL of 1 � 10�2 ML�1 of
HGAT solution, then the pH value of the solution was adjusted to the
required value. After that, the absorption of each solution was recorded
at room temperature at a specialized wavelength against ethanol as a
blank. The optimum pH value was determined [20].

2.4.3. Reaction time
In order to realize the best condition for HGAT - metal ions interac-

tion, the reaction time of such interaction was determined. The experi-
ment was carried out by recording the absorbance of the solution at
different time intervals under the optimum conditions stated before [21].

2.5. Composition of the metal complexes in solution

2.5.1. Job's continuous variation method
Series of solutions were then prepared in 10 mL calibrated measuring

flasks containing different volumes of the metal ions solutions of



Table 1. Job's method design.

Run NO. Composition of the reaction mixturea Absorbance measurements

[M] (mL) [HGAT] (mL) [M] þ [HGAT] ½HGAT�
½ðMÞ þ ðHGATÞ�

Co(II) - [HGAT] interaction Ni(II) - [HGAT] interaction La(III) - [HGAT] interaction

1 0.95 0.05 1.00 0.05 0.25 0.18 0.35

2 0.90 0.10 1.00 0.10 0.34 0.26 0.43

3 0.80 0.20 1.00 0.20 0.52 0.44 0.60

4 0.70 0.30 1.00 0.30 0.68 0.60 0.76

5 0.60 0.40 1.00 0.40 0.85 0.77 0.93

6 0.50 0.50 1.00 0.50 1.02 0.90 1.05

7 0.40 0.60 1.00 0.60 1.18 0.80 0.92

8 0.34 0.66 1.00 0.66 1.25 0.71 0.82

9 0.30 0.70 1.00 0.70 1.20 0.65 0.76

10 0.20 0.80 1.00 0.80 0.91 0.48 0.57

11 0.10 0.90 1.00 0.90 0.53 0.30 0.37

12 0.05 0.95 1.00 0.95 0.30 0.20 0.25

[M] is represent concentration of metal ions; Co(II), Ni(II) or La(III).
½HGAT�

½ðMÞ þ ðHGATÞ� is represent mole fraction of HGAT/(metal ion þ HGAT).

a [HGAT] is represent concentration of HGAT.
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CoCl2.6H2O, NiCl2.6H2O and LaCl3.6H2O salts (1 � 10�2 ML�1) and
HGAT drug solution (1 � 10�2 ML�1) while keeping the total volume the
same (1 mL) in each solution. Such series are characterized by the total
number of moles are constant but the mole ratio of components varies
systematically. After that, the pH was maintained at optimum value for
each metal ion and the volume was adjusted to 10 mL then the absor-
bance of each resulting solution was then measured at room temperature
and the specified wavelength (λmax) previously determined against the
blank solution. The measured absorbance values were plotted as a
function of mole fraction of HGAT [22]. Job's method design was given in
Table 1.

2.5.2. Molar ratio method
A series of solutions were prepared in which the total concentration of

the metal ion is held constant while HGAT concentration is varied under
similar conditions. The absorbance of each resulting solution was then
measured at room temperature at its optimum pH value and the specified
Table 2. Molar ratio's method design.

Run NO. Composition of the reaction mixturea Absorbance

[HGAT] (mL) [M] (mL) ½HGAT�
½M�

Co(II) - [HG

1 0.20 1.00 0.20 0.30

2 0.40 1.00 0.40 0.40

3 0.60 1.00 0.60 0.50

4 0.80 1.00 0.80 0.60

5 1.00 1.00 1.00 0.70

6 1.20 1.00 1.20 0.80

7 1.40 1.00 1.40 0.90

8 1.60 1.00 1.60 0.98

9 1.80 1.00 1.80 1.05

10 2.00 1.00 2.00 1.10

11 2.20 1.00 2.20 1.10

12 2.40 1.00 2.40 1.10

13 2.60 1.00 2.60 1.10

14 2.80 1.00 2.80 1.10

15 3.00 1.00 3.00 1.10

Ni(II) or La(III) and
½HGAT�
½M� is represent mole fraction of HGAT/metal ion.

a [HGAT] is represent concentration of HGAT; [M] is represent concentration of m
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wavelength (λmax) was previously determined against the blank solution.
After that, the absorbance values were plotted as a function of mole
fraction of [HGAT]/[metal ion] [23]. The molar ratio's method design
was given in Table 2.
2.6. Assay of gatifloxacin and calibration graph construction

For the analysis of HGAT in its bulk powder, a standard solution for
HGAT drug (1 � 10�3 ML�1) was used under the studied optimum
conditions. Typically, to eight sets of 10 mL volumetric flasks, 1.0 mL of
each metal ion; Co(II), Ni(II) and La(III) ions (1 � 10�2 ML�1) was
transferred, then aliquots of the working standard solution for HGAT
(0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mL) were pipetted each into its
corresponding set then the total volume completed up to 10 mL with
ethanol under the studied optimum conditions. After that, the absor-
bance at the specified λmax for each metal ion was measured at room
temperature against a blank solution similarly prepared but omitting the
measurements

AT] interaction Ni(II) - [HGAT] interaction La(III) - [HGAT] interaction

0.60 0.50

0.70 0.60

0.81 0.71

0.92 0.82

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

1.00 0.90

etal ions, Co(II).



Figure 2. Electronic absorption spectra for free HGAT and HGAT – metal ions
interaction in solution: (a) Co(II)-HGAT interaction, (b) Ni(II)-HGAT interaction
and (c) La(III)-HGAT interaction.

Figure 3. Effect of pH on the absorption value of HGAT-metal ions interaction.
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HGAT and plotted against the concentration of HGAT [24]. The mea-
surement for each run was performed five times and the mean value was
recorded.
Figure 4. Effect of time on the absorption value of HGAT – metal ions
interaction.
2.7. Estimation of pharmaceutical form as ophthalmic formulation

The proposed spectrophotometric method was extended for the
determination of the drug content in an ophthalmic formulation as a
Table 3. UV–visible spectrophotometric measurements of pure HGAT and HGAT - m

Compounds under study UV–visible spectrophotometric measurements

First band Second band

λ (nm) Abs ε λ (nm) Abs

HGAT 260 0.40 40 290 1.25

HGAT- Co(II) interaction 290 1.98 198 350 1.70

HGAT- Ni(II) interaction 290 2.30 230 350 1.85

HGAT- La(III) interaction 230 1.30 130 290 2.00

ε is the molar absorptivity (Lmol�1cm�1) calculated according to Lambert–Beer law, ðА
L) and b ¼ path length (1cm)}.
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Tymer sample. As described in the experimental part, three different
concentration; 30, 60 and 90 μg/mL were used and applying the general
procedure in the study. The measurements were performed five times for
each concentration within the linear range of the investigated drug and
the mean value was recorded.

3. Results and discussion

The main purpose of this work is the determination of gatifloxacin in
pure form and in pharmaceutical formulation based on its interaction
with Co(II), Ni(II) and La(Ill) ions in solution. HGAT, Figure 1 has the
molecular formula (C19H22FN3O4), the molar mass of 375.394 g/mol and
bicyclic ring structure which is a quinoline skeleton having variable
functional groups at different positions make it acts as a polydentate
ligand [25].
3.1. Spectral characteristics

The initial detection for the affinity of HGAT towards Co(II),
Ni(II) and La(Ill) ions was done through UV–Vis spectrophotometric
etal ions interaction.

Third band Fourth band

ε λ (nm) Abs ε λ (nm) Abs ε

125 330 0.67 67 –

170 500 0.75 75 –

185 650 0.46 46 750 0.49 49

200 340 1.50 150 –

¼ εbcÞ.{A¼ absorbance (no units); C¼ concentration of absorbing species (mol/
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measurements and comparing the spectrum nature of free HGAT with
the spectra of the metal complexes resulted from HGAT - metal ions
interaction as shown in Figure 2(a-c). The absorption spectrum of
free HGAT in ethanol exhibits three absorption bands in the ultra-
violet region at the range of 200–400 nm. The first one is a medium
intensity band at 260 nm, the second peak is an intense band at 290
nm while the third one is a medium intensity band at 330 nm. The
peaks at 260 and 290 nm attributed to π–π* electronic transitions of
the phenyl, piperazine and pyridone moieties while the peak at 330
nm accounted for n–π*electronic transitions of the two C¼O groups
for both the carboxylate and carbonyl groups [26, 27].

Upon interaction of HGAT drug with Co(II), Ni(II) and La(Ill) ions,
Figure 2(a-c) respectively, as explained in the experimental part, it was
found that the spectra have some bathochromic or hypochromic shift
of the absorption bands with different absorbance, in addition, to
generate new bands in the visible region at 500–900 nm. For a
complete comparison, the spectra of the studied metal chloride salts
are also included in Figure 2(a-c). Moreover, the molar absorption
coefficient for the complexed HGAT is higher than the value corre-
sponding to free HGAT. All these observations were tabulated in
Table 3 and have been attributed to the coordination of HGAT to the
metal ions under study [28].

3.2. Effect of pH

The effect of pH change on the absorbance of HGAT - metal ions
interaction was studied over the pH range of 2.0–6.0 at room tem-
perature and optimum wavelength as given in Figure 3. Analysis of
Figure 3 explains that the absorbance increased with increasing pH
value. Moreover, the optimum pH 6.0 was observed for Co(II) -
[HGAT] interaction with an absorbance equal to 0.89 while for both
Ni(II) - [HGAT] and La(III) - [HGAT] interaction, the optimum pH 5.0
was detected with an absorbance equal to 0.53 and 1.60, respectively.
Above these values, a precipitate was observed. Based on the obtained
results, the optimum pH value that favors HGAT-metal ions interaction
could be investigated and selected as the optimum value for per-
forming the experiments.
Figure 5. Different techniques applied to determine the stoichiometric ratio of
HGAT – metal ions interaction in solution: (a) Job's continous variation method
and (b) Molar ratio method.

5

3.3. Effect of time

The effect of time on the absorption of HGAT-metal ions interaction
was investigated to determine the time undertaking for complex forma-
tion. Study the effect of time was investigated at different time intervals
up to one hour and represented graphically in Figure 4. The results
indicated that the complex formation of Co(II) - [HGAT] interaction was
the faster one and completed during 15 min while the complex formation
for both Ni(II) - [HGAT] and La(III) - [HGAT] interaction was completed
during 20 and 25 min, respectively.
3.4. Stoichiometry of the complexes

As clear from the experimental part, Job's continuous variation
method and the molar ratio method, Figure 5 (a,b) were used to deter-
mine the stoichiometry of the complexes (Metal: HGAT ratio) existing in
solution. Analysis of the obtained date from Figure 5a, it is clear that: The
plot consists of two straight lines and offered maximum absorbance at
mole fraction;

[HGAT]/[(M) þ (HGAT)] ¼ 0.672, 0.490 and 0.512 for Co(II), Ni (II)
and La(III) ions, respectively indicating the stoichiometric composition of
1 : 2 (Metal: HGAT) for Co(II) ion while for Ni (II) and La(III) ions, the
stoichiometric composition of 1 : 1 was achieved. This means that two
molecules of HGAT could bind only one Co(II) ion while for Ni (II) and
La(III) ions, one molecule of HGAT was involved under the stated
experimental conditions. Additionally, as the mole fraction;
Figure 6. The determination of stoichiometry of HGAT – metal ions interaction
in solution by Job's method: (a) Co(II)-HGAT interaction, (b) Ni(II)- HGAT
interaction and (c) La(III)-HGAT interaction.



Figure 7. Possible coordination modes of HGAT towards the metal ions: (a–d) bidentate and (e) monodentate.
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[HGAT]/[(M)þ (HGAT)] increases from 0 to 1, the absorbance of the
solution system under study increases firstly and decreases afterward and
so, the number of molecules of HGAT per cation present in the complex
(n) was determined through the relation; n¼ x/(1-x) where; x is the mole
fraction [29]. Moreover, the obtained date from Figure 5b displays the
same metal ion to HGAT ratio. The molar ratio plots show an inflection
with maximum absorbance at a molar ratio of [HGAT]/[M]¼ 2 for Co(II)
ion while for Ni (II) and La(III) ions the observed inflection ¼ 1.

3.5. Estimation the stability constant of HGAT-metal ions interactions

Estimation of the stability constants of the metal complexes resulted
from the interactions between HGAT and Co(II), Ni(II) and La(III) ions in
solution was an important aim of our work to provide an indication about
the coordination behavior and the binding strength of HGAT drug to-
wards the selected metal ions. The spectrophotometric measurements
using Job's continuous variation method were used to estimate the for-
mation constants of the metal complexes formed in solution as explained
in Figure 6 (a-c) for Co(II), Ni(II), and La(III) ions, respectively [30].
Based on the obtained results, a simple equilibrium model between
HGAT and the selected metal ions for the metal complexes formation can
Figure 8. The calibration plots of stoichiometry of HGAT – metal ions inter-
action in solution.
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be represented as: M þ HGAT ⇌ [M(HGAT)] for 1:1 stoichiometry {M
was Ni(II) or La(III) ion} while M þ 2HGAT⇌ M(HGAT)2] for the stoi-
chiometry 1:2; where M was Co(II) ion. Additionally, the complex for-
mation constant (Kf) can be evaluated using the mathematical
relationship given as: Kf ¼ (A/Am)/[1- (A/Am)]2C for 1:1 stoichiometry
and Kf ¼ (A/Am)/4C2[1- (A/Am)]3 for 1:2 stoichiometry, where; A is the
observed maximum absorbance, Am is the absorbance obtained from the
extrapolation of the two lines obtained from Job's continuous variation
curve and C is the initial molar concentration of study metal ion [31, 32].
Moreover, using the relationship; ΔG ¼ - RTlnK; Gibbs free energy (ΔG,
kJ mol�1) of the metal complexes formation can be estimated where, R is
the gas constant (equal to 8.314 J mol�1 K�1), T is the temperature in
Kelvin and K is the determined stability constant [33].

The obtained values of Kf for the interaction of HGAT with Co(II),
Ni(II) and La(III) ions were found to be 3.04�109, 4.73�104 and
4.67�104, respectively. It is clear that Co(II)- [HGAT] interaction has the
higher stability formation constant value in comparison to Ni(II) -
[HGAT] and La(III) - [HGAT] interaction. Additionally, the obtained
negative values of ΔG for the same system; -5.41�104, -2.665�104 and
-2.664�104, respectively. These negative values of ΔG mean that the
kinetic process is a spontaneous one [34].
3.6. The suggested metal complexes structure

From a structural point of view and as clear from Figure 1, HGAT has
variable functional groups at different positions as carboxylate, ketone
and methoxy groups; piperazinyl and cyclopropyl moieties and a fluorine
atom. The presence of these functional groups makes HGAT acts as an
organic ligand with multi donor sites and has the ability to bind the metal
ions with different manner forming variable metal complexes with a
specific geometry [35]. Based on collective observations for several
studies concerned with synthesis and characterization of metal com-
plexes of HGAT, the possible coordination modes of HGAT are the car-
boxylato oxygen atom, pyridone oxygen atom and the piperazinyl ring
nitrogen atom. Additionally, HGAT capable of bonding to the metal ion
in a number of ways [36, 37, 38]. Figure 7 (a-e) shows the possible co-
ordination modes of HGAT as:



Table 4. Optical characteristics and statistical data of the proposed method for interaction of HGAT drug with Co(II), Ni(II) and La(III) ions.

Parametersa Analytical datab

Co(II)-HGAT Ni(II)-HGAT La(III)-HGAT

λ max (nm) 500 650 340

Molar absorpitivity; Ɛ (L mol�1 cm�1) 4.93 � 103 3.68 � 103 8.60 � 103

Beer's law limit (μg mL�1) 18.77–150.16 18.77–131.39 18.77–112.62

Sandell's sensitivity; SS (μg/cm2/0.001 abs. unit) 0.077 0.103 0.044

Intercept (a) 0.1425 0.0871 0.2273

Slope (b) 0.0107 0.0081 0.0180

Correlation coefficient (r) 0.9982 0.9969 0.9998

Standard deviation SD 0.00732 0.005954 0.00649

Limit of detection; LOD (μg mL�1) 2.05 2.21 1.08

Limit of quantification; LOQ (μg mL�1) 6.84 7.35 3.61

Relative standard deviation; RSD (%) 0.955 1.144 0.560

Standard error; SE 0.001464 0.0011908 0.001298

Percentage error; % Error 0.139 0.170 0.092

a Number of standard sample for each metal ion - drug interaction under study was 8 and each one was repeated 5 times.
b The average of five replicates.
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◆ A bidentate manner through:
Table 5

Paramet

Recover

Sandell'
i. One of the oxygen atoms of deprotonated (undeprotonated)
carboxylic group and the ring carbonyl oxygen atom
(Figure 7a,b).

ii. The two carboxyl oxygen atoms (Figure 7c).
iii. Both piperazinic nitrogen atoms (Figure 7d).
◆ A monodentate manner through the terminal piperazinyl nitrogen
(Figure 7e).

3.7. Method validation

Under the described experimental conditions, the calibration graph,
Figure 8 was obtained by plotting the measured absorbance at the
specified λmax as a function of a varying concentration of HGAT. Each
point of the calibration curve corresponding to the mean value obtained
from eight independent measurements. The results showed that a linear
relationships were obtained over the working concentration ranges of
18.77–150.16, 18.77–131.39 and 18.77–112.62 μg mL�1 for Co(II)-
HGAT, Ni(II)-HGAT and La(III)-HGAT interaction at λmax 500, 650
and 340 nm respectively with good regression coefficient values of
0.9969–0.9998. Moreover, the high regression coefficients indicate the
adherence of the calibration curves to Beer's law. Furthermore, the graph
is described by the regression equation; y ¼ a þ bx where; y is the
absorbance, a is the intercept, b is the slope and x is the concentration of
HGAT in μg mL�1 [39]. The calibration parameters including the slope,
intercept and correlation coefficient are summarized in Table 4.

The limits of detection (LOD; the lowest amount of an analyte in a
sample that can be detected by an analytical method) and limits of
quantification (LOQ; the lowest amount of an analyte in a sample that can
be quantitatively determined with acceptable accuracy) were calculated
by using the following equations:

LOD ¼ (3SD) / b

LOQ ¼ (10SD) / b

SD ¼ [
P

(Xi – Ẍ)2 / (N-1)]½
. Comparison of the present method with reported method for the determina

ers Present method

y% 100.829

s sensitivity; SS (μg/cm2/0.001 abs. unit) 0.074
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where; SD is the standard deviation of the absorbance measurements, b is
the slope of the calibration curve, Xi is the absorbance, Ẍ is the mean
value of Xi and N is the number of runs [40, 41, 42]. Additionally, the
relative standard deviation (RSD %), standard error (SE) and the per-
centage error (% Error) were calculated from the relations given as [43,
44];

RSD ¼ 100 (SD / Ẍ),

SE ¼ SD /√N

% Error ¼ 100 (SE / Ẍ)

The obtained LOD and LOQ values are shown in Table 4, confirming
the sensitivity of the proposed technique. Also, the lower value of RSD
(%) (1.144–0.560) and % Error (0.170–0.092) indicate the high accuracy
of the methods.
3.8. Application of the proposed method

Under the worked experimental conditions, the designated method
was performed to determine HGAT in its ophthalmic formulations as
Tymer. All obtained results were tabulated in Table 5. It is worth
noticing that, the results of the proposed method reveals a high level of
accuracy where the % recovery was found to be 100.829 with a per-
centage error 0.276 and standard deviation 0.01088. This method
characterized with its simplicity, easy to perform, carried out at room
temperature, rapid, cheap and does not require special treatment of the
sample under study.
3.9. Comparison with reported methods

Comparing the results of the present method with other reported
methods [45, 46, 47] reveals that the present method could be applied
successfully for the determination of HGAT in its pure bulk powder as
well as its ophthalmic formulation.
tion of HGAT in pharmaceutical formulation.

Reported methods

Reference [45] Reference [46] Reference [47]

99.996 99.97 99.51

0.493 0.040 0.470
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4. Conclusions

The main focus of the presented work was on the development,
optimize and validation of a spectrophotometric method for determina-
tion of gatifloxacin in pure form and in pharmaceutical formulation.
Upon comparison of the suggested method with other reported methods,
the former has the advantage of being simple which do not require
complicated pretreatment of the sample, accurate and sensitive enough
to enable determination of a lower amount of the drug and so, it is
suitable for the determination of the studied drug in bulk and the phar-
maceutical dosage forms.
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