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A stability-indicating RP-HPLC method is presented for determination of gatifloxacin and flurbiprofen in binary combination.

Gatifloxacin, flurbiprofen and their degradation products were detected at 254 nm using a BDS Hypersil C8 (250 X 4.6 mm, 5 um)

column and mixture of 20 mM phosphate buffer (pH 3.0) and methanol 30:70 v/v as mobile phase. Response was linear over the
range of 15-105 ug mL! for gatifloxacin (r>> 0.998) and of 1.5-10.5 pg mL"! for flurbiprofen (1> 0.999). The developed method
efficiently separated the analytical peaks from degradation products (peak purity index > 0.9999). The method developed can be

applied successfully for determination of gatifloxacin and flurbiprofen in human serum, urine, pharmaceutical formulations, and

their stability studies.
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INTRODUCTION

Flurbiprofen sodium is chemically designated as Sodium
(£)-2-(2-fluorobiphenyl-4-yl) propionate. It is a non-steroidal anti-
-inflammatory drug used in musculoskeletal disorders, joint disorders
such as ankylosing osteoarthritis, rheumatoid arthritis, post-operative
pain and migraine, among other conditions. It is also used to control
post-operative inflammation of the anterior segment of the eye.
Gatifloxacin is chemically designated as 1-cyclopropyl-6-fluoro-8-
-methoxy-7-(3-methylpiperazin-1-yl)-4-oxo-quinoline-3-carboxylic
acid (Figure 1). It is a broad spectrum antibiotic indicated for the
treatment of bacterial conjunctivitis, keratitis, as well as for pre and
post-operative infections of the eyes.!
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Figure 1. Chemical structure of Gatifloxacin (A) and Flurbiprofen Sodium (B)

Various techniques have been applied by different scientists to
analyse flurbiprofen and gatifloxacin either alone or in combination
with other drugs. Gatifloxacin has been determined by spectrophoto-
metry,>* high performance liquid chromatography,*¢ atomic absorp-
tion spectroscopy, conductometry, colorimetry’ spectrofluorimetry,®
LC-MS.? and bioassay,'* whereas flurbiprofen has been determined
by capillary zone electrophoresis,'! spectrophotometry,'> and high
performance liquid chromatography.'>13

The combination of flurbiprofen and gatifloxacin, although
available in the market, has not yet been adopted by any official
pharmacopoeia. Review of the literature found no stability-indicating
HPLC method for simultaneous determination of these two drugs in
pharmaceutical formulations, human serum and urine. Therefore,
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attempts were made to develop and validate a simple, fast, sensitive
and isocratic stability-indicating HPLC method for simultaneous
determination of both drugs. The developed method can be effecti-
vely applied for quality control analysis of both drugs in commercial
preparations, stability studies, human serum and urine samples. We
are currently engaged in binary combination analysis of different
classes of drugs.!®*

EXPERIMENTAL
Chemicals and reagents

Reference standards of Gatifloxacin and Flurbiprofen with de-
clared purity of 99.73 and 99.81%, respectively, were kindly gifted
by Schazoo Zaka Laboratories (Lahore, Pakistan). Flubigat and
Gatrex-F eye drops (composition 3 mg mL"' of gatifloxacin and 0.3
mg mL"' of flurbiprofen sodium) were used in this study. Acetonitrile
(HPLC grade), HPLC methanol, triethylamine, sodium hydroxide,
potassium dihydrogen phosphate, phosphoric acid, hydrochloric acid
and hydrogen peroxide (analytical reagent grade) were from M.S
Traders Lahore, Pakistan (Fluka origin). Double distilled water was
used throughout method development and validation. Mobile phase
was filtered using 0.45um nylon filters by Millipore (USA).

Equipment and chromatographic conditions

The HPLC system consisted of a Shimadzu LC-20A (Kyoto,
Japan) equipped with a model LC-20AT pump, SPD-M20A Diode
array detector (set at 254 nm), DGU-20AS online degasser and a
Rheodyne injection valve with a 20 uL loop applied for method deve-
lopment. Peak areas were integrated using the Shimadzu LC solution
(version 1.227) software program. The chromatographic experiments
were optimized on a BDS Hypersil C8 column (250 X 4.6 mm, 5 pum)
at room temperature. Mobile phase consisting of methanol and 20
mM phosphate buffer (pH 3.0) in the ratio of (70:30 v/v, respectively)
was used. Phosphate buffer was prepared using 2.72 g of potassium
dihydrogen phosphate in 1000 mL water. 1 mL triethylamine (TEA)
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was supplemented and pH adjusted to 3.0 with dilute phosphoric acid.
Flow rate of the mobile phase was 1.5 mL min™' and all chromatogra-
phic experiments were performed at room temperature (25 °C £2 °C).

Preparation of stock solution (A)

Stock solution (A) was prepared to decrease the number of recur-
ring operations involved and hence, reduce the probability of human
or experimental error. Furthermore, direct weighing of gatifloxacin
(60 pg mL1) and flurbiprofen (6 ug mL") to prepare the working stan-
dard solution cannot be carried out with sufficient accuracy. Standard
stock solution of gatifloxacin (1500 pg mL") and flurbiprofen (150 ug
mL") was prepared by accurately weighing 150 mg gatifloxacin and
15 mg flurbiprofen in a 100 mL volumetric flask and completing up
to the mark with mobile phase. The contents were dissolved through
sonication for 5 minutes. Working standard solutions of gatifloxacin
and flurbiprofen were prepared from stock solution. Stock solution
was also used to arrange working solutions for accuracy, precision,
linearity, forced degradation studies and robustness.

Preparation of working standard solution (B)

1 mL of stock solution (A) was diluted to 25 mL with mobile
phase to prepare working standard solution (B) having a concentration
equal to 60 pg mL"! of gatifloxacin and 6 g mL™"! of flurbiprofen. The
solution was filtered through a 0.45 wm nylon filter before analysis.

Preparation of sample solution

1 mL of commercial eye drops (composition 3 mg mL"! gatifloxa-
cin and 0.3 mg mL"! flurbiprofen) was diluted to 50 mL with mobile
phase to obtain a concentration equal to 60 g mL"' of gatifloxacin
and 6 ug mL" of flurbiprofen. The solution was filtered through a
0.45 um nylon filter before analysis.

Preparation of human urine samples

Human urine samples were injected directly after dilution in the
mobile phase. 1250 uL of stock solution (A) was spiked with 1250 uL.
of human urine in a polypropylene tube. The solution was centrifuged
at 4000 rpm for 10 minutes. A 200 pL volume of supernatant solu-
tion was then diluted with 2300 puL of mobile phase. This furnished
a solution with a concentration equal to (60 g mL™"! of gatifloxacin
and 6.0 pug mL"! of flurbiprofen). The resultant solution was filtered
through a 0.45 um nylon filter before analysis.

Preparation of human serum samples

Serum samples were injected after protein precipitation with
mobile phase. 250 puL of human serum was spiked with 50 puL of
stock solution (A) in a polypropylene tube. A 950 uL volume of
mobile phase was added and the solution centrifuged at 4000 rpm for
10 minutes to precipitate plasma proteins. This furnished a solution
concentration equal to (60 ug mL" of gatifloxacin and 6.0 pg mL"!
of flurbiprofen). The supernatant solution was separated in a poly-
propylene tube. The solution was filtered through a 0.45 wm nylon
filter before analysis.

Linearity
Linear calibration plots of the developed method were obtained

over concentration ranges of 15-105 ug mL" (15, 30, 45, 60, 75, 90
and 105 ug mL") for gatifloxacin and 1.5-10.5 pg mL! for flurbiprofen
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(1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 pg mL"). Each solution was
prepared in triplicate.

Accuracy

For accuracy determination, known quantities (50, 100 and 150
%) of gatifloxacin and flurbiprofen with recognized purity were spi-
ked with placebo components (benzalkonium chloride and sodium
chloride in aqueous base), human serum and urine. A synthetic
mixture (100 % nominal analytical concentration) of gatifloxacin
(60 wg mL") and flurbiprofen (6.0 g mL") was prepared by mixing
gatifloxacin (60 mg), flurbiprofen (6.0 mg), benzalkonium chloride
(0.2 g) and sodium chloride (2.5g) in 1000 mL purified water for 30
minutes using a magnetic stirrer. Three levels of synthetic mixtures
were prepared corresponding to 50, 100 and 150 % of nominal
analytical concentration (60 ug mL™' of gatifloxacin and 6.0 pg mL"!
of flurbiprofen) and analysed by the developed method.

Precision

Repeatability was evaluated by determination of intra-day and
inter-day precisions. Intra-day precision was determined by injecting
five standard solutions of three different concentrations of gatifloxacin
and flurbiprofen on the same day whereas inter-day precision was
determined by injecting the same solutions for three consecutive
days. Relative standard deviation of gatifloxacin and flurbiprofen
peaks was then calculated to represent precision.

SPECIFICITY (STRESS TESTING)

The specificity of the developed method was evaluated by using
different ICH prescribed (acidic, basic, oxidative, thermal and pho-
tolytic) stress conditions.

Acid degradation studies

the acid degradation study was carried out in a versatile envi-
ronmental test chamber (Sanyo, Japan) at 40 °C/75% RH using 5
M HCIL. For this purpose, 1 mL of stock solution (A) was taken and
placed in a 25 mL volumetric flask. 1 mL of 5 M HCI was added
to the flask and kept in the versatile environmental test chamber at
40 °C/75% RH for 24 h. After completion of the stress testing, the
solution was neutralized by using 5 M NaOH and completed up to
the mark with mobile phase.

Base degradation studies

the base degradation study was performed at 40 °C/75% RH using
5 M NaOH. For this purpose, 1 mL of stock solution (A) was taken
and placed in three 25 mL volumetric flasks. 1 mL of 5 M NaOH
was added to the flask and kept at 40 °C/75% RH for 1, 3 and 7 days.
After completion of the stress testing, solutions were neutralized by
using 5 M HCl and completed up to the mark with mobile phase.

Oxidative degradation studies

The oxidative degradation study was performed at 40 °C/75%
RH using 6 % H,0,. For this purpose, 1 mL of stock solution (A)
was taken and placed in a 25 mL volumetric flask. 1 mL of 6 % H,0,
was added to the flask and kept in the versatile environmental test
chamber at 40 °C/75% RH for 24 h. After completion of stress testing,
the 25 mL flask was completed up to the mark with mobile phase.

Thermal degradation studies
The thermal degradation study was performed at 40 °C/75% RH.
For this purpose, 1 mL of stock solution (A) was taken and placed
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in three different 25 mL volumetric flasks and kept in the versatile
environmental test chamber at 40 °C/75% RH for 1, 3 and 7 days.
After the specified times, the 25 mL flasks were completed up to the
mark with mobile phase.

Photolytic degradation studies

For photolytic degradation, 1 mL of the stock solution (A) was
taken and placed in three different 25 mL volumetric flasks and
placed in direct sunlight for 1, 2 and 3 h. After completion of the
stress testing, the 25 mL flasks were completed up to the mark with
mobile phase.

Robustness

Premeditate variations were performed under the experimental
conditions of the proposed method to assess method robustness. For
this purpose, minor changes were made to mobile phase composition,
flow rate and pH of buffer solution and the effect of these changes on
chromatographic parameters such as retention time, tailing factor and
number of theoretical plates measured was assessed. The following
protocol was used to assess the method’s robustness.®

PH of aqueous buffer in the mobile phase
The pH of the aqueous phosphate buffer used in the mobile phase
was adjusted to +0.2 units.

Ratio of components in the mobile phase

The following adjustment limits were applied to the minor com-
ponent (aqueous buffer) of the mobile phase. The amount of buffer
was adjusted within + 30 % relative not exceeding + 10 % absolute.
For example, for a specified ratio of 70:30 methanol: buffer the
mobile phase ratio was adjusted within the range of 79:21 or 61:39,
respectively.

Flow rate
The flow rate of the mobile phase was adjusted to = 50% of 1.5
mL min”' (1.0 mL min to 2.0 mL min™).

Acceptance criteria

The above-mentioned factors (pH of buffer, mobile phase ratio
and flow rate) should have no significant effect on the potency (assay)
results of gatifloxacin and flurbiprofen.

Tailing factor (T)
The tailing factor should be NMT 1.5.

Resolution (R)
The resolution between adjacent peaks should be NLT 1.5.

Theoretical plates (N)
The theoretical plates for analytical peaks should be NLT 2000.

Limit of detection and limit of quantitation

The signal-to-noise (S/N) ratio approach was used to determine
the LOD and LOQ values. LOD and LOQ values were determined
by using solutions of different concentrations prepared by spiking
known quantities of gatifloxacin and flurbiprofen into excipients (ben-
zalkonium chloride and sodium chloride), human serum and urine.
Each solution was made according to defined protocol and analysed
repeatedly to determine the S/N ratio. The average S/N ratio at each
concentration level was used to calculate the final limit of quantitation
and limit of detection. The concentration level that yields an S/N ratio
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of about 10:1, at which gatifloxacin and flurbiprofen can be readily
quantified with accuracy and precision, was reported as the limit of
quantitation. The concentration level that yields an S/N ratio of about
3:1, at which gatifloxacin and flurbiprofen can be readily detected,
was reported as the limit of detection.

RESULTS AND DISCUSSION

In this work we developed a simple, swift, and precise stability-
-indicating RP-HPLC method for simultaneous determination of
gatifloxacin and flurbiprofen. Although many analytical methods
with different techniques (spectrophotometery,>*!> HPLC,*6.13-13
atomic absorption spectrometry, conductometry, colorimetry,’
spectrofluorimetry,® LC-MS,? bioassay,'® and capillary zone elec-
trophoresis'') have been reported for the separate determination
of gatifloxacin and flurbiprofen in pharmaceutical formulations or
serum samples, no stability-indicating method is available for these
combination drugs in pharmaceutical formulations, human serum or
urine. The reported HPLC methods of gatifioxacin were developed
and validated for routine quality control analysis of gatifloxacin
in pharmaceutical formulations and were not applied for stability
studies, degradation products, plasma or urine samples. Similarly,
HPLC methods reported for analysis of flurbiprofen in pharmaceu-
tical formulation are not stability-indicating and plasma methods
involved a time consuming liquid-liquid extraction with ethyl acetate
or addition of surfactant to extract the drug. For optimization of
chromatographic conditions and to acquire symmetrical peaks with
no peak contamination, different chromatographic conditions such
as composition and pH of mobile phase, stationary phases with
different packing materials (Hypersil BDS C8, Hypersil ODS C18,
Hypersil BDS Phenyl-2, and Hypersil BDS Cyano) and configura-
tions (10, 15, 25 cm columns) were applied to the gatifioxacin and
flurbiprofen combination.

Optimization of mobile phase and stationary phase

A systematic approach was applied for optimization of the best
possible chromatographic conditions. The method development
process was started with different ratios (20:80, 30:70, 40:60 and
50:50) of methanol and water using four different stationary phases
(Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS Phenyl-2,
and Hypersil BDS Cyano). With the methanol and water mobile
phase, tailed (asymmetrical) peaks of gatifioxacin and flurbiprofen
were obtained on Hypersil ODS C18, Hypersil BDS Phenyl-2, and
Hypersil BDS Cyano columns. The Hypersil BDS C8 column provi-
ded a symmetrical (tailing factor 1.36 with retention time 5.395 min)
peak of flurbiprofen and asymmetrical peak of gatifloxacin (tailing
factor 1.89) with a long retention time 19.122 min. Increase in tem-
perature of the column oven to 50 °C did not improve peak tailing,
broadening, and long retention of gatifloxacin. The asymmetrical
peak and long retention of gatifloxacin was due to the chelation of
the carboxyl group of C-3 and oxygen atom of C-4 of gatifloxacin
with the metal ion impurities present in the column or caused by
superfluous interactions between nitrogen atoms of gatifloxacin and
silanol residues of stationary phases.

In order to overcome these unnecessary interactions, the ionic
strength of the mobile phase was increased by using potassium phos-
phate buffer in the mobile phase composition and further chromato-
graphic experiments were performed using methanol: 0.02 M phos-
phate bufter (70:30) at pH 3.0 as the mobile phase. The problems of
peak broadening and long retention of gatifloxacin were resolved but
the peak tailing problem (1.58) persisted and was not resolved even
after changing the organic modifier from methanol to acetonitrile.
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In order to overcome the peak tailing problem of gatifloxacin it was
decided to add silanol blocker (TEA) to the mobile phase and further
chromatographic experiments were performed using methanol: 0.02
M phosphate buffer (70:30) at pH 3.0 containing 0.1 % triethylamine
(TEA) as the silanol blocker. Highly symmetrical and sharp peaks
of gatifloxacin and flurbiprofen were obtained with methanol: 0.02
M phosphate buffer containing 0.1% v/v triethylamine (70:30,v/v)
on the Hypersil BDS C8 column (with better resolution, capacity
factor, peak shapes and theoretical plates) as compared to the other
stationary phases (Hypersil ODS C18, Hypersil BDS Phenyl-2, and
Hypersil BDS Cyano). The variations in composition of mobile phase
and dissimilar stationary phases had substantial influences on peak
shape, tailing factor, retention factor, theoretical plates and resolution.

Optimization of pH of phosphate buffer

In order to optimize the appropriate pH of phosphate buffer,
chromatographic experiments were performed at four different pH
(3.0,4.0, 5.0 and 6.5) of buffer solution. Mobile phase was prepared
at the ratio of methanol: phosphate buffer (70: 30, v/v) containing
0.1 % TEA and the Hypersil BDS C8 column was used as the sta-
tionary phase. During this study, retention time of gatifloxacin was
unaffected by buffer pH. This is due to the overall neutral charge on
gatifloxacin (containing both acidic -COOH and basic -NH group)
when pH increased from 3.0 to 6.5. However, the retention time of
flurbiprofen showed a considerable decrease with increasing pH. Due
to the acidic nature of flurbiprofen it tends to become less ionized
(protonated) as pH decreases, therefore it becomes less polar (more
hydrophobic), thus exhibiting an increased preference for bonding
to the stationary phase. In addition, as the pH of the buffer increased
from pH 3 to pH 6.5, the structure of flurbiprofen changed from a
less ionized to an ionized form (polar or more hydrophilic) and the
resolution between flurbiprofen and gatifloxacin was compromised
with considerable overlapping of peaks observed at pH 6.5, rendering
quantitation difficult. In contrast, when a buffer of pH 3 was used,
peaks were well resolved, sharp and symmetrical (Figure 2).
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Figure 2. Chromatograms of Gatifloxacin and Flurbiprofen at Different pH

Finally, methanol: phosphate buffer 0.02M, pH 3.0 (70:30, v/v)
containing 0.1 % TEA was selected, providing symmetrical peaks
with acceptable peak purity index of gatifloxacin and flurbiprofen
using the Hypersil BDS C8 column. Under the chromatographic
conditions cited, highly symmetrical and sharp peaks of gatifloxacin
and flurbiprofen were obtained at retention times of 3.202 and 8.057
min, respectively.
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Analytical method validation

The developed method was validated using ICH guidelines.>*
Validation parameters included linearity, accuracy, precision, robus-
tness, specificity, and limits of detection and quantitation.

Linear calibration plots of the developed method were obtained in
concentration ranges of 15 to 105 pg mL"! for gatifloxacin (15, 30, 45,
60, 75, 90 and 105 pg mL") and 1.5 to 10.5 pg mL™! for flurbiprofen
(1.5,3.0,4.5,6.0,7.5,9.0 and 10.5 pg mL"). The linear regression
equation for gatifloxacin was found to be Y= 68441X + 47999,
whereas for flurbiprofen this was Y= 20685X + 15285, with values
of correlation coefficients equal to 0.998 and 0.999, respectively.

The limits of detection (LOD) and of quantification (LOQ) were
determined by making serial dilutions. LOD was found to be 0.09 pg
mL" and 0.03 ug mL"! for gatifloxacin and flurbiprofen, respectively
(signal to noise ratio of 3:1). LOQ was found to be 0.31 ug mL"' and
0.09 g mL™! for gatifloxacin and flurbiprofen, respectively (signal
to noise ratio of 10:1).

Accuracy of the developed method was determined by the synthe-
tic mixture technique. Three levels of solutions (50, 100 and 150%)
of nominal analytical concentration were prepared and analysed by
the developed method. Percentage recoveries along with standard
deviation and relative standard deviation for each analyte are given in
(Table 1). Recovery studies showed the method to be highly accurate
and suitable for the intended use.

Table 1. Accuracy of the Developed HPLC Method

. Measured
Nature of Splked‘ Concentration
Sample Concentraflon (g mL) % SD; Recovery (%)
(ug mL™) RSD (%)
Pharmaceutical
Drugs
Gatifloxacin 30.00 30.40+ 1.54;1.58 101.30
60.00 60.23+ 0.84;0.91 100.38
90.00 90.20+ 0.94;1.04 100.22
Flurbiprofen 3.00 2.99+ 0.64;0.67 99.67
6.00 6.08+ 0.06;0.06 101.33
9.00 9.10+ 0.12;0.14 101.11
Spiked Serum
Gatifloxacin 30.00 27.58+ 1.80;1.85 91.93
60.00 56.87+2.94;2.93 94.78
90.00 81.20+ 2.42;2.49 90.22
Flurbiprofen 3.00 291+ 3.82;3.87 97.00
6.00 6.11+2.94;3.08 101.84
9.00 9.27+1.97;1.89 103.00
Spiked Urine
Gatifloxacin 30.00 29.88+ 1.54;1.52 99.60
60.00 61.10+ 0.84;0.79 101.83
90.00 91.40+ 1.94;2.04 101.56
Flurbiprofen 3.00 3.02+ 1.04;1.08 100.67
6.00 5.94+ 0.06;0.07 99.00
9.00 8.99+ 1.10;1.14 99.89

n = Average of 5 analysis.

Intra-day precision was determined by injecting five standard
solutions of three different concentrations on the same day whereas
inter-day precision was determined by injecting the same solutions
for three consecutive days. Relative standard deviation of gatifloxacin
and flurbiprofen peaks was calculated to represent precision. The
results of intra-day and inter-day precision are given in (Table 2).
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Table 2. Intra-Day and Inter-Day Precision of the Developed HPLC Method
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Drugs

Actual
Concentration
(ng mL)

Intra-Day
precision
Measured Conc.
(ug mL") = SD;
RSD (%)

Inter-Day
precision
Measured Conc.
(ug mL') +SD;
RSD (%)

Pharmaceutical
Drugs

Gatifloxacin

Flurbiprofen

30.00

60.00

90.00
3.00
6.00
9.00

30.33+1.01;1.02
59.55+0.65;0.66
90.91+0.18;0.20
2.96+1.03;1.01
5.88+1.49;1.53
9.02+1.11;1.22

30.21+1.44;1.46
60.21+0.94;0.90
90.21+0.37;0.41
2.99+1.24;1.34
6.01+1.79;1.83
8.98+0.99;1.00

Spiked Serum
Gatifloxacin

Flurbiprofen

30.00

60.00

90.00
3.00
6.00
9.00

27.77+2.78;2.82
54.98+3.87;4.09
83.47+1.18;1.17
2.98+1.03;1.01
6.08+1.49;1.47
9.01+1.91;2.02

28.21+1.98;2.06
55.24+2.84;2.89
81.27+1.97;2.09
3.02+1.87;1.84
5.87+2.11;2.13
9.08+1.09;1.08

Spiked Urine
Gatifloxacin

Flurbiprofen

30.00
60.00

90.00
3.00
6.00
9.00

29.88+1.31;1.39
60.57+1.00;1.08
90.00+1.18;1.24
2.98+1.01;1.05
5.97+1.44;1.53
9.02+1.11;1.22

30.55+2.44;2.46
61.47+0.94;1.02
90.89+1.77;1.72
2.99+0.97;1.04
6.00+1.01;1.03
8.98+1.01;1.04

n = Average of 5 analysis

Table 3. Robustness Study of Gatifloxacin and Flurbiprofen

Robustness of the developed method was performed by slightly
varying the chromatographic conditions. The results showed that
slight variations in chromatographic conditions had a negligible effect
on the chromatographic parameters (Table 3).

Specificity of the developed method was evaluated by applying
different stress conditions (acid, base, oxidation, thermal and pho-
tolytic) to gatifloxacin and flurbiprofen in combination form. The
representative chromatograms under acidic and oxidative stress
conditions are showed in (Figure 3). The results of stress studies are
given in (Table 4).

Comparison of the two drugs showed that under acidic stress
gatifloxacin is more stable as compared to flurbiprofen while under
oxidative stress flurbiprofen is more stable than gatifioxacin. Under
acidic conditions flurbiprofen degraded by up to 60 % and gatifloxacin
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Figure 3. Chromatograms of Gatifloxacin and Flurbiprofen under Acidic (A)

and Oxidative stress (B)

(Gatifloxacin) (Flurbiprofen)
Chromatographic Conditions Assay % t (min) The;(iiscal Tailing Assay % t (min) Thepci;éizcal Tailing
Methanol: Buffer (70:30) 99.92 3.20 7821 1.36 100.21 8.04 11249 1.08
Methanol: Buffer (72:28) 98.65 3.11 7819 1.36 99.99 7.99 11855 1.10
Methanol: Buffer (68:32) 99.25 3.31 7799 1.29 99.67 8.14 11457 1.01
Flow rate (1.5 mL min™") 100.75 3.20 7889 1.36 100.89 8.05 11709 1.08
Flow rate (1.3 mL min™") 99.30 4.02 7688 1.28 100.54 8.99 12444 1.11
Flow rate (1.7 mL min™") 99.33 2.67 7791 1.28 101.21 6.44 12652 1.14
Buffer (pH 3.0) 99.59 3.20 7894 1.36 100.25 8.04 12509 1.08
Buffer (pH 2.8) 99.59 2.99 7778 1.39 99.51 8.01 11414 1.10
Buffer (pH 3.2) 98.35 3.12 7899 1.33 100.75 8.06 11745 1.01
Table 4. Stress Testing Results of Gatifloxacin and Flurbiprofen
Nature of stress Time (h) Amou{lt.of Gatifloxacin Amour.lt .of Flurbiprofen Extent of
Remaining (%) + RSD Remaining (%) + RSD Decomposition

5M HCI 24 101.21 = 1.40 (PPI=1.0000) 40.00 = 3.01 (PPI=1.0000) Substantial
5M NaOH 24 102.38 = 1.11 (PPI=1.0000) 99.29 + 1.22 (PPI=1.0000) None

72 101.00 = 3.10 (PPI=1.0000) 99.34 = 1.20 (PPI=1.0000) None

168 100.54 = 2.22 (PPI=1.0000) 99.18 = 2.81 (PPI=1.0000) None
6% H,0, 24 91.55 + 1.54 (PPI=1.0000) 100.31 = 1.94 (PPI=1.0000) Slight
Thermal 24 102.79 + 2.44 (PPI=1.0000) 101.40 = 1.12 (PPI=1.0000) None

72 101.52 = 2.11 (PPI=1.0000) 99.91 +2.41 (PPI=1.0000) None

168 100.08 = 2.43 (PPI=1.0000) 97.27 = 1.91 (PPI=1.0000) None
Photolytic 1 103.44 = 1.21 (PPI=1.0000) 99.38 = 2.74 (PPI=1.0000) None

2 100.54 = 1.00 (PPI=1.0000) 98.54 +2.81 (PPI=1.0000) None
3 99.54 + 1.43 (PPI=1.0000) 96.55 + 2.22 (PPI=1.0000) None

n=Average of 3 determinations, PPI= Peak Purity Index.
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was found to be stable. Under oxidative stress gatifloxacin degraded
by up to 8.45 % whereas flurbiprofen was found to be stable.

Under basic, thermal and photolytic stresses both drugs were
found to be highly stable, not degrading even after 7 days’ treatment
at 40 °C/75 % RH. From these stress studies it is thus concluded that
flurbiprofen and gatifloxacin drugs are not stable under acidic and
oxidative stress conditions, whereas both drugs are highly stable
under basic, thermal and photolytic stress conditions.

Application of the developed method was checked by analyzing
the gatifloxacin and flurbiprofen in commercially available phar-
maceutical products, human plasma and urine samples (Figure 4).

The results showed high percentage recoveries and low relative
standard deviation values for both analytes (Table 5).

mv

FLURBIPROFEN /\
e

GATIFLOXACIN
GATIFLOXACIN FLURBIPROFEN
] 8
- SATIETORRCTN FLURBIPROFEN
A

0 2 4 6 8 10

min

8.047

w

057

Figure 4. Chromatograms of Gatifloxacin and Flurbiprofen in Pharmaceutical
Formulations (A), Human Serum (B) and Urine (C)

Table 5. Assay Results of Gatifloxacin and Flurbiprofen in Commercial
eye drops

Eye Drops Label Val,ll]e Foundrl Recovery
(mg mL") (mg mL") (%)+SD;RSD
Flubigat
Gatifloxacin 3.00 2.99 99.67+0.25;0.26
Flurbiprofen 0.30 0.30 100.00+0.41;0.41
Gatrex-F
Gatifloxacin 3.00 3.02 100.67+0.39;0.39
Flurbiprofen 0.30 0.30 100.00+0.50;0.51

n = Average of 10 determination.
CONCLUSION

A simple, fast and reliable stability-indicating RP-HPLC me-
thod is described for simultaneous determination of gatifloxacin
and flurbiprofen in pharmaceutical formulations, human serum and
urine. Method validation was performed by testing its linearity,
accuracy, precision, limits of detection and of quantitation as well
as specificity. The method is simple and fast, without ion pair or
derivatization reagent. Sample preparation is very simple without
the use of laborious liquid-liquid extraction or expensive solid phase
extraction techniques. The developed method separated the peaks of
active pharmaceutical ingredients (APIs) from degradation products.
The method can be successfully used for any kind of stability and
validation studies.

Quim. Nova
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