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Abstract
In the present dissertation, efforts were applied to determine non steroidal anti inflammatory
drugs in binary combinations using simple, sensitive and economic isocratic stability
indicating HPLC methods. Eight stability indicating HPLC methods have been developed for
the following binary combinations of the non steroidal anti inflammatory drugs i.e., i)
Ketorolac Tromethamine- Gatifloxacin, ii) Ketorolac Tromethamine- Moxifloxacin
Hydrochloride, iii) Ketorolac Tromethamine- Ofloxacin, iv) Ketorolac TromethamineDexamethasone, v) Piroxicam- Paracetamol, vi) Naproxen Sodium- Esomeprazole, vii)
Naproxen Sodium- Sumatriptan Succinate, and viii) Gatifloxacin- Flurbiprofen Sodium etc.
For combination of ketorolac and gatifloxacin a fast, sensitive and accurate stability indicating
reverse phase high performance liquid chromatographic (RP-HPLC) method was developed
and validated for simultaneous determination of gatifloxacin and ketorolac tromethamine in
combined dosage form. Chromatographic separations were achieved on BDS Hypersil C8
column (250 X 4.6mm, 5 µm) with mobile phase consisted of methanol and phosphate buffer
(pH 3.0) in the ratio of (55:45 v/v) at a flow rate of 1.5 mL min-1. The analytes were detected
at 270 nm using ultraviolet detection. The retention times of gatifloxacin and ketorolac
tromethamine were found to be 2.460, 6.366 mins respectively. The method was linear in the
concentration ranges of 30-90 µg mL-1 for gatifloxacin and 50-110 µg mL-1 for ketorolac
tromethamine. The correlation coefficients were found to be ≥ 0.9998 and ≥ 0.9999 for
gatifloxacin and ketorolac tromethamine respectively. The method resulted in good separation
of both the analytes with acceptable tailing and resolution. The developed method can be used
for routine determination of gatifloxacin and ketorolac tromethamine in commercial
formulations.
For combination of ketorolac and moxifloxacin a simple, sensitive, specific, precise and
accurate stability indicating reverse phase liquid chromatographic method was established for
simultaneous determination of moxifloxacin hydrochloride and ketorolac tromethamine in bulk
drugs and pharmaceutical formulations. Optimum chromatographic separations among the
moxifloxacin, ketorolac and stress-induced degradation products were achieved within 13
minutes by use of BDS Hypersil C8 column (250 X 4.6 mm, 5 µm) as stationary phase with
methanol and phosphate buffer pH 3.0 (55:45 v/v) as mobile phase at a flow rate of 0.7 mL
min-1. Detection was performed at 243 nm using diode array detector. The method was
validated in accordance with ICH guidelines. Response was a linear function of concentration
over the range of 20-140 µg mL-1 for both analytes (correlation coefficients ≥ 0.999). The
method was resulted in good separation of both the analytes and their stress induced
degradation products with acceptable tailing and resolution. The peak purity index for both the
analytes after all types of stress was ≥ 0.9999 indicating complete separation of both analytes
peaks from the stress induced degradation products. The method can therefore be regarded as
stability-indicating. The developed method can be applied successfully for simultaneous
determination of moxifloxacin and ketorolac in pharmaceutical formulations and their stability
studies.
For combination of ketorolac and ofloxacin a simple, specific and accurate stability
Indicating liquid chromatographic method was established for simultaneous determination of
ofloxacin and ketorolac tromethamine in bulk drugs and pharmaceutical formulations.
Optimum chromatographic separations among ofloxacin, ketorolac and stress-induced
degradation products have been achieved within 15 min by using a BDS Hypersil C8 column
(250 X 4.6 mm, 5 µm) as the stationary phase with methanol and phosphate buffer pH 3.0

(55 : 45 v/v) as the mobile phase at a flow rate of 0.8 mL min-1. Detection was performed at
270 nm using a diode array detector. The method was validated in accordance with ICH
guidelines. The response was a linear function of concentration over the range of 12–84 µg
mL-1 for ofloxacin and 20–140 µg mL-1 for ketorolac tromethamine. The method resulted in
excellent separation of analytes and their stress induced degradation products with acceptable
tailing and resolution. The peak purity index for both the analytes after all types of stress was
≥ 0.999 indicating complete separation of both analyte peaks from the stress induced
degradation products. The method can therefore be regarded as stability-indicating. The
developed method can be applied successfully for simultaneous determination of ofloxacin
and ketorolac in pharmaceutical formulations and their stability studies.
For combination of ketorolac and dexamethasone a simple, sensitive, specific, precise and
accurate stability indicating reverse phase liquid chromatographic method was established for
simultaneous determination of ketorolac tromethamine and dexamethasone in bulk drugs and
pharmaceutical formulations. Optimum chromatographic separations among the ketorolac
tromethamine, dexamethasone and stress-induced degradation products were achieved within
17 minutes by use of BDS Hypersil C8 column (250 X 4.6 mm, 5 µm) as stationary phase with
methanol and 18 mM phosphate buffer pH 2.8 (62:38 v/v, respectively) as mobile phase at a
flow rate of 1.5 mL min-1. Detection was performed at 254 nm using diode array detector. The
method was validated in accordance with ICH guidelines. Response was a linear function of
concentration over the range of 100-700 µg mL-1 for ketorolac tromethamine and 10-70 µg
mL-1 for dexamethasone (correlation coefficients ≥ 0.998). The method was resulted in good
separation of both the analytes and their stress induced degradation products with acceptable
tailing and resolution. The peak purity index for both the analytes after all types of stress was
≥ 0.9999 indicating complete separation of both analytes peaks from the stress induced
degradation products. The method can therefore be regarded as stability-indicating. The
developed method can be applied successfully for simultaneous determination of ketorolac
tromethamine and dexamethasone in pharmaceutical formulations and their stability studies.
For combination of piroxicam and paracetamol a fast, simple, specific and accurate stability
indicating liquid chromatographic method was described for simultaneous determination of
piroxicam and paracetamol in bulk drugs and pharmaceutical formulations. Optimum
chromatographic separations among the piroxicam, paracetamol and stress-induced
degradation products were achieved within 6 min by using Hypersil BDS C8 column as
stationary phase with acetonitrile and 0.02M phosphate buffer pH 3.0 (60:40, v/v) as mobile
phase at a flow rate of 1.0 mL min-1 with detection using diode array detector at 254 nm. ICH
guidelines were used to validate the developed method. Linearity was from 1.6-6.4 µg mL-1 for
piroxicam and 26-104 µg mL-1 for paracetamol. All the analytes including the degradation
products were separated with acceptable peak tailing and resolution. The peak purity index for
both the analytes after all types of stress was ≥ 0.999 indicating complete separation of both
analytes peaks from the stress induced degradation products. The developed method can be
successfully used for simultaneous determination of piroxicam and paracetamol in
pharmaceutical formulations and stability studies.
For combination of naproxen and esomeprazole a simple, economic and sensitive HPLC
method was described for the concurrent determination of naproxen and esomeprazole in
pharmaceutical formulations. Isocratic chromatography was performed with C-18 column
and mixture of phosphate buffer (pH 6.1) and acetonitrile in ratio of (40:60, v/v) at 1.5 mL
min-1. The eluents were monitored at 302 nm using UV detector. The method was isocratic in

the range of 9.38 to 300 µg mL-1 for naproxen and 0.5 to 16 µg mL-1 for esomeprazole.
Validation of the method was performed by testing parameters like linearity, accuracy,
precision, robustness, specificity, LOD and LOQ values. In the specificity the drugs were
subjected to forced degradation studies like acidic, basic, oxidative and thermal stresses.
Both the analytes were separated within three minutes. As the method separated the
degradation products produced during forced degradation studies from the active analytes so
it can be used not only for regular determination of naproxen and esomeprazole but also for
their stability studies.
For combination of naproxen and sumatriptan a simple, sensitive and cheap high performance
liquid chromatographic method was described for the simultaneous determination of naproxen
sodium and sumatriptan succinate in pharmaceutical formulations. Isocratic chromatography
was performed on C-18 column using a mixture of phosphate buffer (pH 6.1) and acetonitrile
in the ratio of (40:60, v/v) at a flow rate of 1.5 mL min-1. The detection was carried out at a
wavelength of 302 nm using UV detector. The method was linear in the concentration range of
9.38 to 300 µg mL-1 for naproxen sodium and 1.7 to 54.5 µg mL-1 for sumatriptan. The method
was validated by performing its linearity, accuracy, precision, robustness, specificity and
LOD/LOQ values. In the specificity the drugs were subjected to forced degradation studies like
acidic, basic, oxidative and thermal stresses. The total eluting time for the two components was
less than three minutes. As the method separated the degradation products produced during
forced degradation studies from the active analytes so it can be used not only for routine
determination of naproxen sodium and sumatriptan but also for stability studies.
For flurbiprofen and gatifloxacin combination a stability indicating RP-HPLC method was
presented for determination of gatifloxacin and flurbiprofen in binary combination.
Gatifloxacin, flurbiprofen and their degradation products were detected at 254 nm using BDS
Hypersil C8 (250 X 4.6 mm, 5 µm) 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 µg mL1
for gatifloxacin (r2 ≥ 0.998) and 1.5-10.5 µg mL-1 for flurbiprofen (r2 ≥ 0.999). The developed
method efficiently separated the analytical peaks from degradation products (peak purity index
≥ 0.9999). The developed method can be applied successfully for determination of gatifloxacin
and flurbiprofen in human serum, urine, pharmaceutical formulations, and their stability
studies.

CHAPTER 1. INTRODUCTION

1. INTRODUCTION
1.1 Non Steroidal Anti-Inflammatory Drugs (NSAIDs)
Non steroidal anti-inflammatory drugs are used to prevent pain and inflammation in
headaches, migraines, menstrual periods, bursitis, dental procedures, muscle
spasms, premenstrual cramps, sprains, tendinitis, muscle soreness, arthritic and
postoperative situations [1, 2, and 3].
1.2 Multifunctional Characteristics of NSAIDs
Important properties of NSAIDs are given below:
1. NSAIDs are used as chemo preventive [4, 5] and chemo suppressive agents
in different cancer cell-lines [6] and animal models.
2. NSAIDs induce violet photosentisization [7, 8, 9] and used as
photoprotector [10, 11].
3. NSAIDs inhibits cyclooxygenase enzymes and helpful to avert or reverting
cancer process in a number of organ sites especially, colon, bladder, lungs
and breast [12-22].
4. NSAIDs are useful as chemosuppressive and chemopreventive agents [2329].
1.3 Classifications of NSAIDs
On basis of functional groups NSAIDs are divided into six main classes as shown
below.

Table 1.1 Different Groups of NSAIDs
Groups

Examples

Acetyl salicylic acid

Aspirin

Acetic acid

Tolmetin,

sulindac,

ketorolac,

nabumetone,

diclofenac,

indometacin
Fenamates

Mefenamic acid, meclofenamate

Oxicam

Lornoxicam, piroxicam, meloxicam, tenoxicam

Propionic acid

Naproxen, ibuprofen, flurbiprofen, ketoprofen, oxaprozin

Coxib

Rofecoxib, celecoxib, valdecoxib
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1.4 Mechanism of Action of NSAIDs
The mechanism of action of NSAIDs involves, the following two steps i) inhibition
of cyclo-oxygenase COX-1, and COX-2, and ii) inhibition of the biosynthesis of
prostaglandins and thromboxanes from arachidonic acid. Prostaglandins (released
by injured cells) are responsible for inflammation, swelling and sensitizing nerve
endings which cause pain.
1.5 Fixed Dose Binary Combinations of NSAIDs
Binary combination therapy of NSAIDs has many advantages as compared to
single therapies because single therapy does not offer adequate pain relief and those
that afford adequate pain relief may originate side-effects. Therefore, combining
medicines that work at diverse receptors and on dissimilar soreness mechanism
may augment pain relief with lower incidence of side effects as compared to mono
therapy. Drug combinations also permit reduction in amount of single component
with the same analgesic effect. The combination of NSAIDs (naproxen and
esomeprazole tablets) has less gastrointestinal side effects as compared to mono
therapy. Naproxen and sumatriptan combined tablets are more effective in
reduction of migraine attacks as compare to mono therapy. Piroxicam and
paracetamol tablets have synergic effects for removal of pain and inflammation as
compare to mono therapy. Quinolones and ketorolac combined ophthalmic
solutions are much more effective in post operative infections of eyes as compared
to single treatment of quinolones or ketorolac.
1.6 Examples of Non Steroidal Anti inflammatory Drugs
1.6.1 Piroxicam [30]
A. Drug Category
NSAIDs
B. Chemical Name:
4-Hydroxy-2-methyl-N-2-pyridinyl-2H-1,2-benzothiazine-3-carboxamide 1,1dioxide.
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C. Structural Formula

Fig. 1.1 Structural Formula of Piroxicam
D. Physical Appearance
Slightly yellow powder.
E. Solubility
Insoluble in water, slightly soluble in dehydrated alcohol and in aqueous
alkaline solutions, soluble in dichloromethane.
F. Storage
Store in airtight container. Protect from light.
1.6.2 Ketorolac Tromethamine [30]
A. Drug Category
NSAIDs
B. Chemical Name:
(±)-5-benzoyl-2, 3-dihydro-1H-pyrrolizine-1-carboxylic acid, compound with
2-amino-2-(hydroxymethyl)-1,3-propanediol is a pyrrolizine carboxylic acid
derivative.
C. Structural Formula

Fig. 1.2 Structural Formula of Ketorolac Tromethamine
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D. Physical Appearance
A white crystalline solid.
E. Solubility
200 g L-1 in water, 7 mg mL-1 in alcohol, 50 mg mL-1 of DMSO and DMF.
Practically insoluble in dichloromethane, acetone, acetonitrile, butyl alcohol,
ethyl acetate, hexane and in toluene.
F. Storage
Store in airtight containers at a temperature of 250C excursions permitted
between 150 and 300C. Protect from light.
1.6.3 Flurbiprofen Sodium [30]
A. Drug Category
NSAIDs
B. Chemical Name:
Sodium (±)-2-(2-fluorobiphenyl-4-yl) propionate
C. Structural formula

Fig. 1.3 Structural Formula of Flurbiprofen Sodium
D. Physical Appearance
A creamy-white powder.
E. Solubility
Slightly soluble in cold water, Insoluble in diethylether.
1.6.4 Naproxen Sodium [30]
A. Drug Category
NSAIDs
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B. Chemical Name:
(+)-(S)-2-(6-methoxynaphthalen-2-yl) propanoic acid sodium salt
C. Structural Formula

Fig. 1.4 Structural Formula of Naproxen Sodium
D. Physical Appearance
White hygroscopic powder.
E. Solubility
250 g L-1 in water.
F. Storage
Store in airtight container. Protect from light.
1.7 High Pressure Liquid Chromatography (HPLC)
HPLC separated the compounds on the basis of their physico-chemical properties
[31-34]. During chromatographic run sample molecules (dissolved in suitable
solvent) distributes between mobile phase and stationary phase [35, 36, 37].
Different parts of HPLC chromatograph are Intake filter, Column, Pump, Injector,
Column oven, Detector and Data system etc.
1.8 Chromatographic Terms
1.8.1 Chromatogram
It is a graph between detector signal (Y axis) and elution time (X axis) and contains
graphical peaks of analytes or impurities.
1.8.2 Theoretical Plates (N)
Theoretical plates are used to show ability of column to produce symmetrical peaks
with better resolution between the peaks.
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1.8.3 Eluent
Eluent is a solvent or mixture of solvents which carry the sample through the
column.
1.8.4 Flow Rate (F)
Flow rate is the volume (mL) of mobile phase which passes through the column per
minute.
1.8.5 Resolution (Rs)
Peak resolution is used to check separation of the peak of interest from adjacent
peaks or impurities and it should be ≥ 1.5 for better separation of peaks.
1.8.6 Retention Time (tR)
It is the time calculated from sample injection and appearance of peak maximum.
1.8.7 Tailing factor (T)
Tailing factor is shown by the peaks which have asymmetry factor ≥ 1. It is caused
by those packing sites of column that have both a stronger retention for analyte and
slower desorption kinetics.
1.9 Analytical Method Validation [38]
Analytical method validation involves verification steps to check that analytical
method is suitable for anticipated use or not. According to ICH guidelines,
following parameters should be validated; Linearity, Accuracy, Precision,
Specificity, Limits of detection, Limits of quantitation and Robustness
1.10 Statistical Terms
Statistical techniques are used in method development and testing of
pharmaceutical drug products. Statistics shows the trial inconsistency throughout
investigation [39, 40]. The following statistical terms are applied throughout
method development and testing etc.
1.10.1 Average [41]
It is calculated by summation of individual values (Xi) divided by total number (n)
of values:
_
Average value (X) = ∑ (Xi)
n
6
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1.10.2 Standard Deviation [41]
It is a measure of the variation of individual values of data from average value. It is
calculated by using following formula:
(S.D) = √ ∑ (Xi – X-)2
n-1
1.10.3 Relative Standard Deviation (RSD) [41]
It is calculated by using the following formula.
% RSD = 100S
X1.10.4 Linear Regression Analysis [42]
Linear regression analysis is used to determine relationship between two variables
i.e., X and Y with application of equation of straight line that best predicts values
of Y variable from the values of X variable. Mathematically,
Y (variable) = m (Slope) X (variable) + C (intercept)
The slope (m) of straight line is used to quantify the steepness of line [43].
1.11 Aims and Objectives of the Research Work
Pharmaceutical research and development (R&D) involves very costly and time
consuming tasks and it may take about 10–15 years from synthesis of a new
chemical entity to its marketing. The primary objective of pharmaceutical research
and development is to reduce time period of new product design by using fast,
high-throughput and efficient analytical methods. One possible solution is to
develop new, quick, fast and efficient separation methods for analysis of
pharmaceutical products.
The aims and objectives of the research work are given below:
a) To develop trouble-free, innovative, fast, and low-cost isocratic stability
indicating HPLC methods for determination of NSAIDs in binary
combinations (not accessible in pharmacopoeia like USP, BP and Ph. Eur.
etc. as official monographs) by optimizing chromatographic conditions,
various stationary phases and mobile phases.
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b) Analytical method validations of the developed methods using official
books or international guidelines like BP, USP, Ph. Eur. or ICH etc.
c) Forced degradation studies of the non steroidal anti inflammatory drug
combinations and separation of the peaks of interest from degradation
products.
d) Applications of the newly developed stability indicating HPLC methods in
analysis of pharmaceutical formulations.
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2. LITERATURE SURVEY
Hees et al developed [44] a method for the analysis of free piroxicam and βcyclodextrin complexed piroxicam by UV spectroscopy. The method was based on
the difference in the solubility of piroxicam complex in ACN: H2O (1:1, v/v)
mixture or in moisture free acetonitrile containing equal volumes of hydrochloric
acid (0.05N). In moisture free acetonitrile β-cyclodextrin was not soluble and
incorporated drug leftovers ensnare, which allocated free piroxicam determination.
On the other hand with 50% water: 50% acetonitrile the complex was entirely
solubalized, which allowed the determination of whole visitor amount.
Gaudiano et al [45] presented the in vitro outcome of -OH radical assault on two
NSAIDs. They analysed diclofenac, piroxicam and oxidation/ or degradation
products following reaction by hydroxyl liberated radicals. The hydroxyl liberated
radicals produced by FeSO4 and organic acid i.e., ascorbic acid blend exposed to
irradiation by tungsten lamp. The authors successfully separated the diclofenac,
piroxicam and several novel peaks of the degradation/oxidation in the presence of
hydroxyl radicals.

Rocha et al [46] developed two polymorphic forms of piroxicam by NIR-CI
machinery to map the sharing of mutually polymorphs in finished dosage forms.
They utilized fractional least square method to arrange the calibration curves. The
authors declared that R.M.S.E.P. analysis designed for mutually polymorphic shape
under 4% (w/w) provided appropriate means designed for in process quality control
and finished pharmaceutical products quality determination.

Boneschans et al [47] presented an improved method for synthesis and RP-HPLC
analysis of piroxicam benzoate. They studied the kinetics of the hydrolysis reaction
of piroxicam benzoate in simulated gastric aqueous buffer solutions at pH 1.1, pH
9
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10, and intestinal fluids. The value of k determined to be 1.8 × 10−3 per hour (pH
10, 37 0C) and 3.4 × 10−2 per hour (pH 10, 60 0C). Finally the authors reported that
10.9 percent of preliminary ester was hydrolyzed following 24 h inside simulated
intestinal fluid.

Savaser et al [48] published a method for quantification of piroxicam in tablet
formulations and in human plasma. They precipitated plasma proteins by addition
of 3:1 (v/v) acetonitrile-methanol, ZnSO4 and MgSO4 mixture and injected the
supernatant directly on (250 × 4.6 mm, 5µm) Spherisorb column with methanol:
ACN: potassium dihydrogen phosphate (40 mM, pH 3.8) in the ratio of (10:40:50
v/v, respectively) mixture as mobile phase. The authors declared that the developed
method is applicable without interference from endogenous substances for
pharmacokinetic studies of piroxicam in plasma samples of healthy subjects and in
routine quality control analysis of piroxicam.

Wanwimolruk et al [49] contributed a technique for quantification of piroxicam in
plasma samples. They prepared the samples by direct plasma protein precipitation
and analysed by addition of 100 µL of isoxicam (500µg mL-1) plus 50 µL of 60 %
w/v of trichloroacetic acid in 500µL of plasma. After vortex and centrifugation,
70µL of clear supernatant was injected. The authors applied the developed method
on bioavailability study of 18 healthy subjects and found satisfactory results.

Carlucci et al [50] developed a method for the investigation of 2-aminopyridine
contents in piroxicam by second-derivative UV spectroscopic method.

Khateeb et al [51] came into with a spectrophotometric method for the estimation
of piroxicam in tablets. The method involves formation of 1:1 complex of
piroxicam with Cu (II) and Fe (III) in methanolic hydrochloric acid solution and
measured maximum absorption of complexes at 372 and 527 nm with average log
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stability constants of 4.872 and 4.546 for piroxicam-Cu (II) and piroxicam-Fe (III)
complexes, respectively.

Basan et al [52] reported a UV technique for investigation of piroxicam by the use
of 100 mM phosphate buffer at pH 7.8 and C2H5OH mobile phase. They achieved
the quantification of analyte at 261.4 nm and set the calibration chart between 2.4
to 20.0 µg mL-1. The authors declared that the accuracy of the developed method
was 99.70%+/-0.50 with CV of 1.29.

Troconiz et al [53] published a LC technique for concurrent analysis of piroxicam
and tenoxicam in blood, plasma and buffer solutions used in the equilibrium
dialysis studies. They utilized Nucleosil C18 column as stationary phase and
mobile phase of ACN: CH3COOH: H2O (58: 4: 38 v/v, respectively) for the
analysis of piroxicam and tenoxicam.

Abdulkarim et al [54] published a validated RP-HPLC method for quantification of
piroxicam without the interference of auxiliary agents present in formulation. They
modified the published method of Owen et al which was not able to separate drug
peak from excipients. They used a mobile phase of 0.005 M Na2HPO4 (at pH 3.0
adjusted with H3PO4), ACN, CH3OH and CH3COOH in the ratio of (27:52:20:1
v/v), respectively. Finally the authors declared that the developed method is
applicable for the determination of piroxicam in samples collected from in vitro
study of permeability through synthetic membrane and rat skin.

Rele et al [55] came into with three trouble-free UV visible methods for the
analysis of piroxicam in pharmaceutical formulations. Two methods (I and II)
involves reactions of para-aminophenol with piroxicam in the presence of sodium
carbonate with maximum absorbance at 400 nm and 395 nm, respectively. Method

11

CHAPTER 2. LITERATURE SURVEY

III involves reaction of piroxicam with sodium nitroprusside in the presence of
sodium hydroxide with maximum absorbance at 395 nm.

Kumar et al [56] presented a method for quantification of Piroxicam. They utilized
Inertsil, ODS- 3V (150 mm X 4.6 mm, 5µm) column as stationary phase and a
mobile phase of methanol and buffer at pH 3.0 in the ratio of 55:45 v/v,
respectively. The authors declared the linearity of the developed method in the
concentration ranges of 5- 150 µg mL-1 and showed good recoveries (98.0 –
99.8%).

Azmi et al [57] developed a UV/VIS method for the analysis of piroxicam in
commercial finished products. The developed method involved the complexation of
piroxicam with Fe (III) to form pink colour metal complex at room temperature
which absorbs maximally at 504 nm.

Dhage et al [58] reported a spectrophotometric method at 334 nm in 0.1M
methanolic HCl for quantification of Piroxicam in bulk and finished
pharmaceutical products.

Patri et al [59] developed a LC-MS/MS analysis of enantiomers of ketorolac. They
achieved the resolution between the peaks of R and S enantiomers of ketorolac on
Chiral-AGP with acetonitrile: ammonium format buffer (0.01 M, pH 4.7) 15: 85 v/v
and 30: 70 v/v, respectively in gradient elution. The authors declared that the
developed method can be applied for bioequivalence study of ketorolac in healthy
human subjects.

Sola et al [60] presented a robotic practice based solid phase extraction analysis of
ketorolac in plasma samples. They carried out the solid phase extraction of
ketorolac and I.S. (ketoprofen) on C18 cartridges directly from spiked plasma with
12
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corresponding standard after dilution with saline. The developed automatic
procedure operated by switching-valve congregation in sample grounding module,
and analysis were conceded away by on line correlation through HPLC
coordination.

Devarajan et al [61] presented a high performance thin layer chromatography
technique for the determination of ketorolac. They utilized a mobile phase
composition of CHCl3:CH3COOH: C2H5CH3COO-1 (3:0.1:8 v/v/v, respectively) at
323 nm. The authors separated the acidic and basic degradation products from
analyte drug and applied the method for determination of analyte from saliva.

Santhosh et al [62] applied a glassy carbon electrode for the analysis of ketorolac.
They applied cyclic voltametry, square wave and differential pulse to recognize
electrochemical uniqueness for the discovery of analyte. The authors reported that
ketorolac provided a distinct peak at -1.40 V versus silver/silver chloride in acetate
buffer at pH 5.5.

Dewani et al [63] developed a method for inference of ketorolac and moxifloxacin
in bulk and finished drugs by using absorption ratio technique. The authors
performed the identification and quantification of analytes using UV detector at
322 nm & Isobestic point 305 nm in water medium.

Rao et al [64] presented a new densitometry high performance thin layer
chromatography method for analysis of ketorolac in bulk and finished drugs. The
authors separated and identified the drugs on silica gel 60, with acetic acid:toluene:
ethyl acetate (1:6:2, v/v,) as mobile phase. The quantification was performed at 320
nm by reflectance scanning which facilitated well-resolved band for main drug.
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Fegade et al [65] reported a spectrophotometric method for simultaneous analysis
of ketorolac and ofloxacin fixed dosage combinations. The authors selected
wavelengths of 300 nm and 319.2 nm in acidic methanol for determination of
ofloxacin and ketorolac, respectively.

Logan et al [66] developed HPLC and GC-MS methods for isolation of ketorolac
by derivatization using diazopropane. The authors isolated the ketorolac from
postmortem blood by means of a hatched solid-phase removal on Amberlite XAD2 and successfully applied the method in the inquiry of a death happening curtly
subsequent to management of an intramuscular vaccination of ketorolac.

Vatalev et al [67] presented a method for isolation of ketorolac and diclofenac from
biological fluids and developed HPLC, UV, and gas chromatography methods with
electron capture detection (GC/ECD). The methods involves extraction of drugs
with mixtures of organic solvents.

Kamath et al [68] reported a method for quantification of diclofenac, famotidine
and ketorolac by spectrophotometric technique. The method involves preparation
of sample solutions 10–80, 5-50 and 10-120 µg mL-1 of famotidine, diclofenac and
ketorolac, respectively in methanol. The samples were injected into a flow system
and color created was examined due to configuration of charge shift complex at
451 nm. The authors achieved a testing speed of forty samples per hour by means
of high reproducibility of analysis with RSD ≤ 1.6%.

Tsina et al [69] reported a method for measurement of ketorolac in plasma samples.
The method involves the extraction of analyte and I.S. (analyte fluoro analogue) as
of acidic plasma samples. The extracted drug was additionally decontaminated and
reconstituted sample was introduced on top of a LC column.
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Hayball et al [70] presented a method for the analysis of R and S enantiomers of
ketorolac from plasma. The developed method involves the derivatization of
ketorolac by means of SO2Cl2/(S)-1-phenylethylamine and consequent analysis of
diastereomeric (S)-1-phenylethylamides by chromatographic analysis.

Demircan et al [71] prescribed a method for analysis of ketorolac in aqueous and
vitreous humor from human eye. They achieved chromatographic separations on
C18 (250 × 4.6 mm, 5 μm) column by means of Photo diode-array detection at
314 nm. They analyzed the fluid obtained from patients eyes after topical
application of Acular eye drops before retina decolman surgery by use of developed
method and found that the method enabled successful quantification of the levels of
ketorolac in aqueous and vitreous humor.

Mandava et al [72] came into with a UV method for determination of flurbiprofen
in pellets 57 % using drug release method. They performed dissolution test by Inhouse method with basket apparatus at 75 rpm, 37± 0.5°C temperature and (2, 4, 6,
8 and 12 hrs) time. Spectorphotometric determination was accomplished at 247nm.

Knadler et al [73] presented a technique for quantification of flurbiprofen, and its
three principal metabolites i) 3′-hydroxy-4′-methoxy ii) 4′-hydroxy, and iii) 3′,4′dihydroxy flurbiprofen. The compounds were extracted from plasma or urine by
means of S-(α)-methylbenzylamine to shape diastereomeric amides which were
separated on a C18 stationary phase. The authors make use of fluorescence
detection to differentiate between R- and S-flurbiprofen and its principal
metabolites in male subjects subsequent to therapeutic doses.

Sajeev et al [74] reported a UV spectrophotometry and liquid chromatographic
methods for the analysis of flurbiprofen in pharmaceutical formulations. The
detection limit was originated to be 0.34 µg mL-1 (ultraviolet) and 15 ng mL-1 (LC
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method). The authors declared that the developed techniques can be used for the
analysis of flurbiprofen in pharmaceutical formulations.
Patel et al [75] presented a direct chiral-phase HPLC method for the analysis of
flurbiprofen and its two principal metabolites, i) 3′-hydroxy-4′-methoxy, and ii) 4′hydroxy flurbiprofen in biological liquids by means of a derivatized amylose Chiral
pak AD. The authors measured the three analytes (as free and conjugated form) in
urine by tandem ultraviolet and fluorescence detection.

Chandran et al [76] developed a spectrofluorimetric method for estimation of
celecoxib and flurbiprofen in pharmaceutical formulations. The authors utilized 403
nm and 256 nm as emission and excitation wavelengths, respectively for the
analysis of celecoxib (using water as solvent) and 250 nm and 314 nm as emission
and excitation wavelengths, respectively for flurbiprofen in 50:50 mixture of
CH3OH and 0.1N H2SO4. The authors successfully applied the developed method
for determination of celecoxib and flurbiprofen in two marketed drug products.

Kilinc et al [77] presented a high performance thin layer chromatography (HPTLC)
with densitometric estimation of flurbiprofen in pharmaceutical tablets. They used
xylene:CHCl3:acetone in the ratio of (3.0:6.0:15.0) as a mobile phase.
Albert et al [78] developed a LC technique for estimation of flurbiprofen in human
plasma. They extracted flurbiprofen from acidic serum by means of Ether:Pantane
(4:16) mixture and make use of ODS support as stationary phase with mobile phase
of H3PO4: H2O: ACN in the ratio of 0.05:35:65 v/v/v, respectively. The authors
applied a fluorescence detector at excitation wavelength of 250 nm and emission
wavelength of 315 nm for estimation of flurbiprofen. The developed method
provided a quantifiable peak for 0.1 µg mL-1 of flurbiprofen in 0.5 mL of plasma.

16

CHAPTER 2. LITERATURE SURVEY

Chi et al [79] reported a LC method for the analysis of flurbiprofen in rat plasma.
They achieved separation of flurbiprofen on reverse-phase C18 column. They
extracted the drug and internal standard (oxaprozin) from rat plasma with
cyclohexane as extracting solvent. The authors declared that the developed method
is suitable for estimation of flurbiprofen in rat plasma.

Jin et al [80] developed a stereoselective liquid chromatography technique for
estimation of the enantiomers of flurbiprofen, ketoprofen, and etodolac in human
plasma. The method involves the reactions of enantiomers of flurbiprofen and
ketoprofen with SO2Cl2 and (S) enantiomer of (-)-α-(1-naphthyl) ethylamine. The
authors utilized a C18 (4.6 x 250 mm, 5 µm) column with mobile phase of 10mM
phosphate buffer (pH 4.5): acetonitrile in the ratio of (30:70 v/v, respectively).

Teng et al [81] presented a method for estimation of flurbiprofen in genetic liquid
to study the kinetics of in vitro/in vivo metabolism and tissue distribution. They
separated the compounds on Chiral pak AD-RH through UV analysis at 247 nm.
The analytes from the serum (0.1 ml) was extracted through isopropanol: 2, 2, 4trimethylpentane (0.5:9.5 v/v, respectively) subsequent to addition of I.S. (Snaproxen). The authors applied the developed method efficiently to kinetic study of
flurbiprofen in rats.

Madni et al [82] developed a LC method for concurrent determination of
diclofenac, tramadol and flurbiprofen in marketed brands of liposomes,
microencapsules, and human plasma. They developed a isocratic method and
utilized acetonitrile: sodium dihydrogen phosphate (0.01 M, pH 3.2) in the ratio of
33:63 v/v, respectively as mobile phase and octadecyl silica C18 (250 × 4.6 mm, 5
μm) as stationary phase at 30 0C. They employed liquid-liquid extraction technique
with combination of acetonitrile and trichloro carboxylic acid as protein impulsive
mediator.
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Sultana et al [83] developed a LC method for the analysis of captopril in the
presence of NSAIDs in formulation and serum samples. They separated the
compounds on pre packed Purospher star C18 (5 µm, 250 X 4.6 mm) column at
room temperature with water: methanol (10:40 v/v, respectively) as mobile phase at
flow rate of 1.0 mL min-1 at 227nm UV detection.

Unal et al [84] presented a LC method by means of UV detection (HPLC-UV) for
analysis of flurbiprofen in plasma. They utilized Isopropanol: diethylether:
dichloromethane in the ratio of (1.0:6.0:3.0 v/v/v, respectively) to extract
flurbiprofen from plasma and accomplished the chromatographic separations of
flurbiprofen and I.S. losartan on C18 (150 X 4.6 mm, 5µm) and a mobile phase of
acetonitrile: sodium acetate (100 mM, at pH 6.3) in the ratio of (3.5:6.5 v/v,
respectively) at 248 nm. The authors declared that the developed method can be
used for pharmacokinetic study of flurbiprofen.

Ozbay et al [85] presented a method for bioequivalence study of flurbiprofen in 24
healthy subjects. The authors calculated the area under curve (AUC) from zero to
infinity and maximum concentration (Cmax) using parametric method. The
researchers reported that 90% confidence intervals (C.I) of area under the curve
from zero to infinity were between 100.5%–111.18% and for maximum
concentrations (Cmax) the 90% C.I. were between 87.6%–115.0%.
Beaulieu et al [86] developed a LC technique for analysis of flurbiprofen and its
sodium salt in pharmaceutical formulations. They employed phenyl-2 column with
mobile phase of acetonitrile: acetic acid (1.0 %) in the ratio of (40:60 v/v,
respectively) for estimation of twenty-one related substances from the drug
flurbiprofen. The creators acknowledged that the impurity (as total impurity) levels
in seven raw materials were in the range of 0.0 to 0.6%.
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Kumar et al [87] presented a LC method for analysis of naproxen and pantoprazole
in commercial pharmaceutical products. They utilized a base deactivated silica L1
column with mobile phase of acetonitrile: methanol: sodium acetate (100mM, at
pH 8.2) in the ratio of (20:10:70 v/v, respectively) at a flow rate of 1.0 mL min-1, at
285 nm. Finally the authors declared that high recoveries of the analytes confirmed
the suitability of the method for analysis of naproxen and pantoprazole in
pharmaceutical medication.

Mehta et al [88] prescribed a spectrophotometric method for the analysis of
naproxen as active pharmaceutical ingredient and in bulk drugs. They studied the
solvent effect and spectral behaviour of naproxen. They utilized acetonitrile: Water
(50:50 v/v) as dilution solvent. The wavelength chosen for measuring absorbance
was 332 nm. Finally, authors recommended that the developed method can be
employed for routine quantification of naproxen in therapeutic medication.

Monser et al [89] developed a LC method for analysis of naproxen and degradation
products i.e., methoxy ethyl naphthalene, methoxy naphthyl ethanol, and acetyl
methoxy naphthalene. They accomplished the separation on permeable graphite
carbon solid by means of methanol and tetrahydrofuran as mobile phase at 272 nm.

Mikami et al [90] presented a LC method for the analysis of nabumetone, naproxen
and its metabolite, methoxy naphthyl acetic acid in drugs and human urine. They
utilized an isocratic LC technique using heptanesulfonic acid sodium (ion pair) and
TEA. The authors decontaminated the urine sample by solid-phase extraction by
means of Bond-Elut Certify II cartridges. The authors employed Wakosil ODS C18
column (5 μm, 150 × 4.6 mm) and a mobile phase of 0.25 g heptanesulphonic
acid/500 mL of water: triethylamine: acetonitrile in the ratio of (50:0.1:50 v/v,
respectively) at pH 3.0 adjusted with phosphoric acid.
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Soini et al [91] developed a method for estimation of naproxen in human serum.
They applied ultra violet and fluorescence detection without derivatization for the
estimation of naproxen.

Tashtoush et al [92] presented a LC method by means of fluorometric exposure for
determination of naproxen in plasma. They utilized a microbondapack column and
mobile phase of water (pH 3.0): acetonitrile in ratio of (58:42 v/v, respectively) at
excitation wavelength of 270 nm and emission wavelength of 340 nm. The authors
concluded that the developed method is particular and reproducible as confirmed
by duplicate investigation of collective plasma samples containing 0.5-80 mg L-1
naproxen.

Haque et al [93] developed a LC method for concurrent quantification of ranitidine
and naproxen. They used a stationary phase of RP C18 column (250 X 4.6mm, 5
μm) and mobile phase of methanol: (100 mM, pH 3.1) phosphoric acid in ratio of
(65:35 v/v, respectively).

Gondalia et al [94] developed a UV/Visible method for simultaneous analysis of
naproxen and sumatriptan in pharmaceutical dosage forms. They lucratively
applied the method for routine quality control estimation of naproxen and
sumatriptan in tablets formulations.

Jenkins et al [95] presented the investigation of chiral molecules on high
performance liquid chromatography by means of round dichroism recognition.
They utilized Prilosec plus naproxen and examined them by means of HPLC with
CD, ultra violet (UV) and optical rotation detection They accomplished that CD
and UV detectors demonstrated a superior compassion than OR detector and CD
detector has improvement of act in response to chiral molecules.
20

CHAPTER 2. LITERATURE SURVEY

Kayiran et al [96] presented a LC method for the estimation of naproxen. They
analysed the naproxen on octa decyl silica C18 (200 x 4.6 mm) column with mobile
phase of acetate buffer (pH 5.1): methanol (45:55 v/v, respectively) at a flow of 1
mL min-1 by means of fluorescence detector with absorbance at 254nm and
excitation at 352 nm.

Hsu et al [97] accounted a LC method intended for estimation of naproxen and its
photo degraded products in methanol. They utilized Inertsil ODS C18 (5 µm, 250 X
4.6 mm) column with mobile phase of methanol: (1%) acetic acid: acetonitrile in
the ratio of (20:40:40 v/v/v, respectively) with ultraviolet detection at 230 nm.

Solanki et al [98] came into with a UV/VIS method designed for concurrent
determination of sumatriptan and naproxen in pills formulations. They used first
order derivative method with zero crossing point of sumatriptan at 329.8 nm and
for naproxen at 297.6 nm. The authors successfully applied the method for routine
quantitative analysis of tablets containing sumatriptan and naproxen.

Gondalia et al [99] published a high performance thin layer chromatography
(HPTLC) with densitometry at 230 nm for simultaneous analysis of naproxen and
Sumatriptan. They performed separation of both analytes on aluminum-backed
silica coat. They utilized a mobile phase of water: formic acid: methanol in the ratio
of (0.5:7.5:0.1 v/v/v, respectively). The authors accomplished that the developed
method can be used for routine determination of naproxen and sumatriptan from
pharmaceutical preparation and stability studies.

Jegar et al [100] presented a liquid chromatographic method for concurrent analysis
of nabumetone, naproxen and its key metabolite, methoxy naphthylacetic acid in
pharmaceuticals and human urine. They performed separation of selected drugs on
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Wakosil ODS C18 (5 μm, 150 × 4.6 mm) column with mobile phase of 0.5 g of
HSA dissolved in 1000 mL mixture of acetonitrile, water and triethylamine in the
proportion of (500:500:1 v/v, respectively) adjusted with phosphoric acid at pH 3.
They reported that the developed procedure is suitable for routine analysis of
nabumetone and naproxen in pharmaceuticals and pharmacokinetic studies of
human urine samples.

Jain et al [101] contributed a liquid chromatographic method for estimation of
esomeprazole magnesium and naproxen in synthetic mixtures. They performed
chromatographic separations on Phenomenex, Luna C18 (5 μm, 150 x 4.6 mm)
column and acetonitrile: phosphate buffer (pH 7.0) in the ratio of (50:50 v/v,
respectively) mobile phase with a flow rate of 0.5 mL min-1.

Pawar et al [102] described a high performance thin layer chromatography
(HPTLC) method for simultaneous estimation of domperidone maleate and
naproxen sodium in pharmaceutical drugs. They performed chromatographic
separations on silica gel 60 stationary phase and methanol: acetone: toluene (4: 4:
16 v/v/v, respectively) as mobile phase with densitometric estimation at 266 nm.
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3. EXPERIMENTAL WORK
Experimental necessities (laboratory chemicals, analytical reagents and apparatus)
used throughout the research work are described here. The complete illustrations of
the chromatographic parameters are provided separately in each method. All
reagents and solvents were of analytical or HPLC grade.
3.1 Solvents
Acetonitrile (HPLC grade)

Merck, Fluka

Methanol (HPLC grade)
Distilled water

//
Schazoo Zaka, Kalalwala

3.2 Chemicals
Sodium hydroxide

Merck, Fluka

Hydrochloric acid

//

Hydrogen peroxide

//

Ketorolac tromethamine

Schazoo Zaka, Kalalwala

Flurbiprofen

//

Naproxen sodium

//

Piroxicam

//

Paracetamol

//

Ammonium acetate

Merck, Fluka

Acetic acid
Sumatriptan succinate

//
Schazoo Zaka, Kalalwala

Gatifloxacin

//

Moxifloxacin hydrochloride

//

Ofloxacin

//

Dexamethasone

//

Esomeprazole

//

Triethylamine

Merck, Fluka

Phosphoric acid

//

Potassium dihydrogen phosphate

Merck, Fluka

Dipotassium hydrogen phosphate

//

Whatmann Filter paper No. 41

Local Market
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3.3 Analytical Equipments
Balance (214 S Sartorius) with 0.1 mg to 210 g capacity, pH meter (Sartorius
15986-62), Vacuum pump (Ulvic DA-60D), Sonicator Notus- Powersonic, PS
02000A, Versatile environmental test chamber Sanyo Japan MLR 350 HT etc.
3.4 Glass Apparatus
a) Volumetric flasks (10.0, 25.0, 50.0, 100.0, and 1000.0 mL)
b) Measuring cylinders (50.0, 500.0, and 1000.0 mL)
c) Thermometers (0- 250 OC)
d) Glass Funnel
e) Pipettes (1.0, 2.0, 5.0 and 10.0 mL)
f) Beaker (50.0, 100.0, 250.0, and 1000.0 mL)
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3.5 Ketorolac Tromethamine and Gatifloxacin Binary Combination
3.5.1 Mobile Phase Preparation
Methanol and (20 mM) KH2PO4 (pH 3.0) mobile phase was prepared in the ratio of
55:45 v/v, respectively. Phosphate buffer was prepared by adding 2.72 g of
KH2PO4 in 1000.0 mL of water. 1.0 mL of triethylamine (TEA) was added to the
phosphate buffer and pH was adjusted to 3.0 with dilute phosphoric acid. The
mobile phase was employed after filtration.
3.5.2 Standard Solution Preparation
Standard stock solution was prepared by weighing accurately 75 mg gatifloxacin
and 100 mg ketorolac tromethamine, dissolved in 100.0 mL mobile phase. 2.0 mL
of the standard stock solution was diluted to 25.0 mL with mobile phase to obtain
60 g mL-1 gatifloxacin and 80 g mL-1 ketorolac tromethamine. The solution was
filtered through 0.45

nylon filter before analysis.

3.5.3 Sample Solution Preparation
For the preparation of sample solution Ketomar and Gatilox Plus eye drops were
used. These eye drops were claimed to contain 0.3 % Gatifloxacin and 0.4 %
ketorolac tromethamine. 2.0 mL commercial eye drops which were equivalent to 6
mg gatifloxacin and 8 mg ketorolac tromethamine were diluted to 100.0 mL with
mobile phase. This furnished solutions with concentration equal to 60

g mL-1

gatifloxacin and 80 g mL-1 ketorolac tromethamine
3.5.4 Linearity
Linear calibration plots for the proposed method were obtained over calibration
ranges of 30-90 g mL-1 gatifloxacin (30, 40, 50, 60, 70, 80, and 90 g mL-1) and
50-110 g mL-1 ketorolac tromethamine (50, 60, 70, 80, 90, 100, and 110 µg mL-1).
Each solution was prepared in triplicate.
3.5.5 Limits of Detection (LOD) and of Quantitation (LOQ)
To calculate limits of detection (LOD) and quantification (LOQ) values, sequential
dilutions were prepared and analyzed by the proposed method. The LOD and LOQ
values were then estimated by evaluating the level (signal to noise ratio of 3:1 and
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10:1 respectively) at which the analytes can be readily detected and quantified with
accuracy.
3.5.6 Accuracy
Recovery studies in terms of standard addition technique were carried out to
evaluate the accuracy of the proposed method. For this purpose, known quantities
of gatifloxacin and ketorolac tromethamine were supplemented to pre-quantified
sample solution and then experimental and true values were compared. Three levels
of solutions were made which correspond to 70, 100 and 130 % of nominal
analytical concentration (60

g mL-1 gatifloxacin and 80

g mL-1 ketorolac

tromethamine).
3.5.7 Precision
In order to determine the precision of the developed method Intra day and Inter day
precision was determined. Precision of the developed method was calculated in
terms of relative standard deviation (RSD %) of the results obtained within the day
and between the days.
3.5.8 Robustness
Premeditate variations were made in the experimental conditions of the proposed
method to assess the method robustness. For this purpose, minor changes were
made in mobile phase composition, flow rate and pH of the buffer solution. The
effect of these changes on chromatographic parameters such as retention time,
tailing factor and number of theoretical plates was then measured.
3.5.9 Specificity or Forced Degradation Study
Specificity of the developed method was conducted according to the different ICH
defined stress conditions such as acidic, alkaline, oxidative, photolytic and thermal
stresses etc.
3.5.9.1 Acid Degradation Studies
Acid degradation (using 1M and 5M HCl) study was executed at three different
temperatures (250C, 400C, and 1600C). For this study 2.0 mL of the standard stock
solution was acquired in five different 25.0 mL measuring flasks. 2.0 mL of 1M
HCl was supplemented in two flasks and placed one at 25o C for 20 h and other at
40o C for 1h. In other three flasks, 2.0 mL of 5M HCl was added and kept one at
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25o C for 20 h other at 40o C for 1h and the third was placed for 1h at 160o C hot
plate. After the specified time, the entire solutions were neutralized with 1M and
5M NaOH and completed upto the mark with mobile phase.
3.5.9.2 Base Degradation Studies
Base degradation (using 1M and 5M NaOH) studies were performed at three
different temperatures (250C, 400C, and 1600C). 2.0 mL of stock solution was
added in five 25.0 mL flasks. 2.0 mL of 1M NaOH was added in two flasks and
reserved one at 25o C for 20 h and other at 40o C for 1h. In other three 25.0 mL
flasks 2.0 mL of 5M NaOH was added and kept one at 25o C for 19 h, other at 40o
C for 1h and the third was placed for 1h at 160o C hot plate. After specified time,
the entire solutions were neutralized with 1M and 5M HCl and completed upto the
mark with mobile phase.
3.5.9.3 Oxidative Degradation Studies
Oxidative degradation study was executed at three temperatures (250C, 400C, and
1600C) using 6% H2O2. 2.0 mL of stock solution was acquired in three 25.0 mL
flasks. 2.0 mL of 6% H2O2 was added in each flask and reserved one at 25o C for 20
h and second at 40o C for 1h and third was placed for 1h at 160o C hot plate. After
specified time, the entire solutions were completed upto the mark with mobile
phase.
3.5.9.4 Photolytic Degradation Studies
For photolytic degradation 2.0 mL of the stock solution in 25.0 mL flask was
placed in direct sunlight for 1h. After specified time solution was completed upto
the mark with mobile phase.
3.5.9.5 Thermal Degradation Studies
Thermal degradation studies were executed at three temperatures (250C, 400C, and
1600C). 2.0 mL of the stock solution was acquired in three 25.0 mL flasks. Out of
three flasks one was reserved at 25o C for 20 h and second at 40o C for 1h and third
was placed for 5h at 160o C hot plate. After specified time, the entire solutions were
completed upto the mark with mobile phase.
3.5.10 Applications of the Developed Method
Application of the proposed method was checked by analyzing the gatifloxacin and
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ketorolac tromethamine in commercially available pharmaceutical products. The
results showed high percentage recoveries and low RSD (%) values for both
analytes.
3.5.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

270 nm

5.

Injector

Rheodyne

6.

Mobile Phase

20 mM KH2PO4 (pH 3.0): methanol in the
ratio of 45:55 (v/v), respectively.

7.

Flow Rate

0.7 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8, 5 m, BDS Hypersil (250*4.6 mm)
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3.6 Ketorolac Tromethamine and Moxifloxacin Hydrochloride Binary
Combination
3.6.1. Preparation of Mobile Phase
Methanol and (20 mM, pH 3.0) KH2PO4 mobile phase was prepared in the ratio of
55:45 v/v, respectively. The phosphate buffer was prepared by taking 2.72 g of
potassium dihydrogen phosphate in 1000.0 mL of water. Triethylamine (1.0 mL)
was added to it and pH was then adjusted to 3.0 using phosphoric acid.
3.6.2 Preparation of Standard Solution
Standard stock solution was prepared by accurately weighing 100 mg moxifloxacin
and 100 mg ketorolac tromethamine and then both dissolved in 100.0 mL mobile
phase. 2.0 mL of the standard stock solution was diluted to 25.0 mL with mobile
phase to prepare working standard solution having concentration equal to 80 g
mL-1 for both moxifloxacin and ketorolac tromethamine. The solution was filtered
through 0.45 m nylon filter before analysis.
3.6.3 Preparation of Sample Solution
4.0 mL commercial eye drops were diluted to 50.0 mL with mobile phase. 5.0 mL
of this solution was then diluted to 25.0 mL with mobile phase to obtain
concentration equal to 80

g mL-1 for both moxifloxacin and ketorolac

tromethamine. The solution was filtered through 0.45

m nylon filter before

analysis.
3.6.4 Linearity
Linear calibration plots of the proposed method were obtained over concentration
ranges of 20-140 g mL-1 for both moxifloxacin and ketorolac tromethamine (20,
40, 60, 80, 100, 120, and 140 µg mL-1). Each solution was prepared in triplicate.
3.6.5 Limits of Detection (LOD) and of Quantitation (LOQ)
To calculate limits of detection (LOD) and of quantification (LOQ) values,
sequential dilutions were done and analyzed by the proposed method. The LOD
and LOQ were then established by evaluating the level (signal to noise ratio of 3:1
and 10:1, respectively) at which the analytes can be readily detected and quantified
with accuracy
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3.6.6 Accuracy
Standard addition method was used to demonstrate the accuracy of the proposed
method. For this purpose, known quantities of moxifloxacin and ketorolac
tromethamine were supplemented to the sample solution previously analyzed and
then experimental and true values were compared. Three levels of solutions were
made corresponding to 70, 100 and 130 % of nominal analytical concentration (80
g mL-1).
3.6.7 Precision
Repeatability was studied by determination of intra-day and inter-day precision.
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on the same day and inter-day precision was determined by
injecting the same solutions for three consecutive days. Relative standard deviation
(RSD %) of the peak area was then calculated to represent precision.
3.6.8 Robustness
Premeditate variations were performed in the experimental conditions of the
proposed method to assess the method robustness. For this intention, minor
changes were made in mobile phase composition, flow rate and pH of buffer
solution. The effect of these changes on chromatographic parameters such as
retention time, tailing factor and number of theoretical plates was then measured.
3.6.9 Specificity or Forced Degradation Study
Stress testing was carried out using different ICH prescribed stress conditions such
as acidic, basic, oxidative, photolytic and thermal stresses. All stress studies were
performed in 25.0 mL volumetric flask.
3.6.9.1 Acid Degradation Studies
Acid degradation studies were performed under three different temperature
conditions using 1M HCl and 5M HCl. For this purpose, 2.0 mL of the standard
stock solution was taken in five different 25.0 mL volumetric flasks. 2.0 mL of 1M
HCl was added in the two flasks and kept one of it at room temperature for 19h and
other at 40o C for 1h. In the remaining three 25.0 mL volumetric flasks, 2.0 mL of
5M HCl was added in each. Out of these three flasks, one was kept at room
temperature for 19h, other at 40o C for 1h and the third was heated at 160o C on hot
30

CHAPTER 3. EXPERIMENTAL WORK
plate for 1h. After completion of the stress, all the solutions were neutralized by
using 1M and 5M NaOH and completed up to the mark with mobile phase.
3.6.9.2 Base Degradation Studies
Base degradation studies were performed under three different temperature
conditions using 1M NaOH and 5M NaOH. For this purpose, 2.0 mL of the
standard stock solution was taken in five different 25.0 mL volumetric flasks. 2.0
mL of 1M NaOH was added in the two flasks and kept one of it at room
temperature for 19h and other at 40o C for 1h. In the remaining three 25.0 mL
volumetric flasks, 2.0 mL of 5M NaOH was added in each. Out of these three
flasks, one was kept at room temperature for 19h, other at 40o C for 1h and the third
was heated at 160o C on hot plate for 1h. After completion of the stress, all the
solutions were neutralized by using 1M and 5M HCl and completed up to the mark
with mobile phase.
3.6.9.3 Oxidative Degradation Studies
Oxidative degradation studies were performed under three different temperature
conditions using 6 % H2O2. For this purpose, 2.0 mL of the standard stock solution
was taken in three different 25.0 mL volumetric flasks. 2.0 mL of 6 % H2O2 was
added in the each of these flasks and kept one of it at room temperature for 19h,
second at 40o C for 1h and the third was heated at 160o C on hot plate for 1h. After
completion of the stress, all the solutions were completed up to the mark with
mobile phase.
3.6.9.4 Photolytic Degradation Studies
For photolytic degradation 2.0 mL standard stock solution placed in the direct
sunlight for 1h.
3.6.9.5 Thermal Degradation Studies
Thermal degradation studies were performed under three different temperature
conditions. For this purpose, 2.0 mL of the standard stock solution was taken in
three different 25.0 mL volumetric flasks. One of the volumetric flasks was kept at
room temperature for 19h and other at 40o C for 1h. The third 25.0 mL volumetric
flask was heated at 160o C on hot plate for 1h. After completion of the stress, all the
solutions were completed up to the mark with mobile phase.
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3.6.10 Applications of the Developed Method
Application of the proposed method was checked by analyzing the moxifloxacin
and ketorolac in commercially available pharmaceutical products. The results
showed high percentage recoveries and low RSD (%) values for both analytes.
3.6.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

243 nm

5.

Injector

Rheodyne

6.

Mobile Phase

20 mM KH2PO4, pH 3.0, and methanol in
the ratio of 45:55 (v/v), respectively.

7.

Flow Rate

0.7 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8 BDS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.7 Ketorolac Tromethamine and Ofloxacin Binary Combination
3.7.1. Preparation of Mobile Phase
Methanol and (20 mM, pH 3.0) KH2PO4 mobile phase was prepared in the ratio of
55:45 v/v, respectively. The phosphate buffer was prepared by taking 2.72 g of
potassium dihydrogen phosphate in 1000.0 mL of water. Triethylamine (1.0 mL)
was added to it and pH was then adjusted to 3.0 using phosphoric acid
3.7.2 Preparation of Standard Solution
Standard stock solution was prepared by accurately weighing 60 mg ofloxacin and
100 mg ketorolac tromethamine and then both dissolved in 100.0 mL mobile phase.
2.0 mL of the standard stock solution was diluted to 25.0 mL with mobile phase to
prepare working standard solution having concentration equal to 48

g mL-1 of

ofloxacin and 80 g mL-1 of ketorolac tromethamine.
3.7.3 Preparation of Sample Solution
5.0 mL commercial eye drops (composition 3 mg mL-1 ofloxacin and 5 mg mL-1
ketorolac tromethamine) were diluted to 50.0 mL with mobile phase. 5.0 mL of this
solution was then diluted to 25.0 mL with mobile phase to obtain concentration
equal to 48 g mL-1 of ofloxacin and 80 g mL-1 of ketorolac tromethamine.
3.7.4 Linearity
Linear calibration plots of the proposed method were obtained over concentration
ranges of 12-84 g mL-1 (12, 24, 36, 48, 60, 72 and 84 g mL-1) for ofloxacin and
20-140 g mL-1 ketorolac tromethamine (20, 40, 60, 80, 100, 120 and 140 g mL1

). Each solution was prepared in triplicate.

3.7.5 Limits of Detection (LOD) and of Quantitation (LOQ)
To calculate limits of detection (LOD) and of quantification (LOQ) values,
sequential dilutions were done and analyzed by the proposed method. The LOD
and LOQ were then established by evaluating the level (signal to noise ratio of 3: 1
and 10: 1 respectively) at which the analytes can be readily detected and quantified
with accuracy.
3.7.6 Accuracy
Standard addition method was used to demonstrate the accuracy of the proposed
method. For this purpose, known quantities of ofloxacin and ketorolac
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tromethamine were supplemented to the sample solution previously analyzed and
then experimental and true values were compared. Three levels of solutions were
made corresponding to 50, 100 and 150% of nominal analytical concentration (48
g mL-1 of ofloxacin and 80 g mL-1 of ketorolac tromethamine).
3.7.7 Precision
Repeatability was studied by determination of intra-day and inter-day precision.
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on the same day and inter-day precision was determined by
injecting the same solutions for three consecutive days. Relative standard deviation
(RSD %) of the peak area was then calculated to represent precision.
3.7.8 Robustness
Premeditate variations were performed in the experimental conditions of the
proposed method to assess the method robustness. For this intention, minor
changes were made in mobile phase composition, flow rate and pH of buffer
solution. The effect of these changes on chromatographic parameters such as
retention time, tailing factor and number of theoretical plates was then measured.
3.7.9 Specificity or Forced Degradation Study
Stress testing was carried out using different ICH prescribed stress conditions such
as acidic, basic, oxidative, thermal and photolytic stresses. All stress studies were
performed in 25.0 mL volumetric flask.
3.7.9.1 Acid Degradation Studies
Acid degradation studies were performed under three different temperature
conditions using 1M HCl and 5M HCl. For this purpose, 2.0 mL of the standard
stock solution was taken in five different 25.0 mL volumetric flasks. 2.0 mL of 1M
HCl was added in the two flasks and kept one of it at room temperature for 20h and
the other at 40oC for 1h. In the remaining three 25.0 mL volumetric flasks, 2.0 mL
of 5M HCl was added in each. Out of these three flasks, one was kept at room
temperature for 20h, one at 40oC for 1h and the third was heated at 160oC on hot
plate for 1h. After completion of the stress, all the solutions were neutralized by
using 1M and 5M NaOH and completed up to the mark with mobile phase.
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3.7.9.2 Base Degradation Studies
Base degradation studies were performed under three different temperature
conditions using 1M NaOH and 5M NaOH. For this purpose, 2.0 mL of the
standard stock solution was taken in five different 25.0 mL volumetric flasks. 2.0
mL of 1M NaOH was added in the two flasks and kept one of it at room
temperature for 20h and the other at 40oC for 1h. In the remaining three 25.0 mL
volumetric flasks, 2.0 mL of 5M NaOH was added in each. Out of these three
flasks, one was kept at room temperature for 20h, one at 40oC for 1h and the third
was heated at 160oC on hot plate for 1h. After completion of the stress, all the
solutions were neutralized by using 1M and 5M HCl and completed up to the mark
with mobile phase.
3.7.9.3 Oxidative Degradation Studies
Oxidative degradation studies were performed under three different temperature
conditions using 6% H2O2. For this purpose, 2.0 mL of the standard stock solution
was taken in three different 25.0 mL volumetric flasks. 2.0 mL 6% H2O2 was added
in the each of these flasks and kept one of it at room temperature for 20h, the
second at 40oC for 1h and the third was heated at 160oC on hot plate for 0.5h. After
completion of the stress, all the solutions were completed up to the mark with
mobile phase.
3.7.9.4 Thermal Degradation Studies
Thermal degradation studies were performed under three different temperature
conditions. For this purpose, 2.0 mL of the standard stock solution was taken in
three different 25.0 mL volumetric flasks. One of the volumetric flasks was kept at
room temperature for 20h and one at 40oC for 1h. The third 25.0 mL volumetric
flask was heated at 160oC on hot plate for 1h. After completion of the stress, all the
solutions were completed up to the mark with mobile phase.
3.7.9.5 Photolytic Degradation Studies
For photolytic degradation 2.0 mL standard stock solution was placed in the direct
sunlight for 1h.
3.7.10 Applications of the Developed Method
Application of the proposed method was checked by analyzing the ofloxacin and
35

CHAPTER 3. EXPERIMENTAL WORK
ketorolac in commercially available pharmaceutical products. The results showed
high percentage recoveries and low RSD (%) values for both analytes.
3.7.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

270 nm

5.

Injector

Rheodyne

6.

Mobile Phase

20 mM KH2PO4 (pH 3.0) and methanol in
the ratio of 45:55 (v/v), respectively.

7.

Flow Rate

0.8 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8 BDS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.8 Ketorolac Tromethamine and Dexamethasone Binary Combination
3.8.1. Preparation of Mobile Phase
Mobile phase consisted of methanol and 18 mM phosphate buffer (pH 2.8) was
prepared in the ratio of (62:38 v/v, respectively). The phosphate buffer was
prepared by taking 2.448 g of potassium dihydrogen phosphate in 1000.0 mL of
water. Triethylamine (1.0 mL) was added to it and pH was then adjusted to 2.8
using phosphoric acid.
3.8.2 Preparation of Standard Solution
Standard stock solution was prepared by accurately weighing 125 mg ketorolac
tromethamine and 12.5 mg dexamethasone dissolved in 5.0-7.0 mL methanol in
25.0 mL volumetric flask and then up to the mark with mobile phase. 2.0 mL of the
standard stock solution was diluted to 25.0 mL with mobile phase to prepare
working standard solution having concentration equal to 400 g mL-1 of ketorolac
tromethamine and 40 g mL-1 of dexamethasone. The solution was filtered through
0.45 m nylon filter before analysis
3.8.3 Preparation of Sample Solution
2.0 mL commercial eye drops (composition 5 mg mL-1 ketorolac tromethamine and
0.5 mg mL-1 dexamethasone) were diluted to 25.0 mL with mobile phase to obtain
concentration equal to 400 g mL-1 of ketorolac tromethamine and 40 g mL-1 of
dexamethasone. The solution was filtered through 0.45

m nylon filter before

analysis.
3.8.4 Linearity
Linear calibration plots of the proposed method were obtained over concentration
ranges of 100-700 g mL-1 (100, 200, 300, 400, 500, 600 and 700 µg mL-1) for
ketorolac tromethamine and 10-70 g mL-1 dexamethasone (10, 20, 30, 40, 50, 60
and 70 µg mL-1). Each solution was prepared in triplicate.
3.8.5 Limits of Detection (LOD) and of Quantitation (LOQ)
To calculate limits of detection (LOD) and of Quantification (LOQ) values,
sequential dilutions were done and analyzed by the proposed method. The LOD
and LOQ were then established by evaluating the level (signal to noise ratio of 3:1
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and 10:1 respectively) at which the analytes can be readily detected and quantified
with accuracy.
3.8.6 Accuracy
Standard addition method was used to demonstrate the accuracy of the proposed
method. For this purpose, known quantities of ketorolac tromethamine and
dexamethasone were supplemented to the sample solution previously analyzed and
then experimental and true values were compared. Three levels of solutions were
made corresponding to 50, 100 and 150 % of nominal analytical concentration (400
g mL-1 of ketorolac tromethamine and 40 g mL-1 of dexamethasone).
3.8.7 Precision
Repeatability was studied by determination of intra-day and inter-day precision.
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on the same day and inter-day precision was determined by
injecting the same solutions for three consecutive days. Relative standard deviation
(RSD %) of the peak area was then calculated to represent precision.
3.8.8 Robustness
Premeditate variations were performed in the experimental conditions of the
proposed method to assess the method robustness. For this intention, minor
changes were made in mobile phase composition, flow rate and pH of buffer
solution. The effect of these changes on chromatographic parameters such as
retention time, tailing factor and number of theoretical plates was then measured.
3.8.9 Specificity or Forced Degradation Study
Stress testing was carried out using different ICH prescribed stress conditions such
as acidic, basic, oxidative, thermal and photolytic stresses. All stress studies were
performed in 25.0 mL volumetric flask.
3.8.9.1 Acid Degradation Studies
Acid degradation study was performed in versatile environmental test chamber
(Sanyo, Japan) at 40 0C/75% RH using 5M HCl. For this purpose, 2.0 mL of the
standard stock solution was taken in 25.0 mL volumetric flask. 2.0 mL of 5M HCl
was added in the flask and kept in versatile environmental test chamber at 40
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0

C/75% RH for 16h. After completion of the stress the solution was neutralized by

using 5M NaOH and completed up to the mark with mobile phase.
3.8.9.2 Base Degradation Studies
Base degradation study was performed at 22 0 C/58% RH using 5M NaOH. For this
purpose, 2.0 mL of the standard stock solution was taken in two 25.0 mL
volumetric flasks. 3.0 mL of 5M NaOH was added in each flask and kept one flask
at 220 C/58% RH for fifteen minutes and another for forty minutes. After
completion of the stress the solution was neutralized by using 5M HCl and
completed up to the mark with mobile phase.
3.8.9.3 Oxidative Degradation Studies
Oxidative degradation study was performed in versatile environmental test chamber
(Sanyo, Japan) at 40 0C/75% RH using 6 % H2O2. For this purpose, 2.0 mL of the
standard stock solution was taken in 25.0 mL volumetric flasks. 2.0 mL of 6 %
H2O2 was added in the flask and kept in versatile environmental test chamber at 40
0

C/75% RH for 16h. After completion of the stress, the 25.0 mL flask was

completed up to the mark with mobile phase.
3.8.9.4 Thermal Degradation Studies
Thermal degradation studies were performed in versatile environmental test
chamber (Sanyo, Japan) at 40 0C/75% RH. For this purpose, 2.0 mL of the standard
stock solution was taken in two different 25.0 mL volumetric flasks and kept in
versatile environmental test chamber at 400C/75% RH for 144h and other for 288h.
After completion of the stress, the 25.0 mL flasks were completed up to the mark
with mobile phase.
3.8.9.5 Photolytic Degradation Studies
For photolytic degradation study 2.0 mL of the standard stock solution was taken in
25.0 mL volumetric flask placed in the direct sunlight for 1h. After completion of
the stress the 25.0 mL flask was completed up to the mark with mobile phase.
3.8.10 Applications of the Developed Method
Application of the proposed method was checked by analyzing the ketorolac
tromethamine and dexamethasone in commercially available pharmaceutical
products. The results showed high percentage recoveries and low RSD (%) values
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for both analytes.
3.8.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

254 nm

5.

Injector

Rheodyne

6.

Mobile Phase

18 mM KH2PO4 (pH 2.8) and CH3OH in
ratio of 38:62 (v/v), respectively.

7.

Flow Rate

1.5 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8 BDS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.9 Piroxicam and Paracetamol Binary Combination
3.9.1. Preparation of Mobile Phase
Mobile phase was prepared by mixing acetonitrile and 0.02M phosphate buffer (pH
3.0) in the ratio of (60:40, v/v). Phosphate buffer (pH 3.0, 0.02M) was prepared by
dissolving 2.72 g of potassium dihydrogen phosphate in 1.0 L of water. 1.0 mL
Triethylamine was then added and pH was adjusted to 3.0 with phosphoric acid.
3.9.2 Preparation of Standard Solution
Stock standard solution was prepared by dissolving accurately weighed 20 mg
piroxicam and 325 mg paracetamol in 100.0 mL mobile phase. To prepare working
standard solution, 1.0 mL of above solution was diluted to 50.0 mL with mobile
phase acquiring concentrations equal to 4.0 g mL-1 of piroxicam and 65 g mL-1
of paracetamol.
3.9.3 Preparation of Sample Solution
Twenty tablets were accurately weighed and finely ground with mortar and pestle.
An accurately weighed portion of the grind equivalent to 20 mg of piroxicam and
325 mg of paracetamol were diluted to 100.0 mL with mobile phase. The mixture
was extracted in ultrasonic bath for 8 minutes. 1.0 mL of this solution was then
diluted to 50.0 mL with mobile phase acquiring concentrations equal to 4.0 g mL-1
of piroxicam and 65 g mL-1 of paracetamol.
3.9.4 Linearity
Calibration curves were prepared using the peak areas in concentration ranges of
1.6-6.4 g mL-1 for piroxicam (1.6, 2.4, 3.2, 4.0, 4.8, 5.6 and 6.4 µg mL-1) and 26104 g mL-1 (26, 39, 52, 65, 78, 91 and 104 µg mL-1) for paracetamol. Triplicate
analysis of each solution was done.
3.9.5 Limits of Detection (LOD) and of Quantitation (LOQ)
LOD and LOQ values were determined by signal to noise ratio method. Two kinds
of solutions i.e. blank and spiked of piroxicam and paracetamol were arranged and
analyzed by the proposed method to determine LOD and LOQ.
3.9.6 Accuracy
For demonstrating accuracy known quantities of piroxicam and paracetamol were
added to the sample solution with known quantity. The results of this solution were
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compared with the true values. Three types of solutions were made ranging from
50-150 % of nominal analytical concentration (4.0 g mL-1 of piroxicam and 65 g
mL-1 of paracetamol).
3.9.7 Precision
Intra and Inter day precision was performed to validate the precision of the
proposed method. It was calculated in terms of Relative standard deviation (RSD
%) of the results obtained within the day and between the days.
3.9.8 Robustness
Robustness of the developed method was performed by slightly varying the
chromatographic conditions (mobile phase composition, flow rate and pH of buffer
solution) and the effect of these changes on the chromatographic parameters
(tailing factor, theoretical plates and resolution) was then measured.
3.9.9 Specificity or Forced Degradations Study
For specificity demonstration, acidic, basic, oxidative, thermal and photolytic
stresses were applied. All stress studies were performed in 50.0 mL volumetric
flask.
3.9.9.1 Acid Degradation Studies
Acid degradation studies were performed in versatile environmental test chamber
(Sanyo, Japan) at 40 0C/75% RH using 5M HCl. For this purpose, 1.0 mL of the
standard stock solution was taken in three separate 50.0 mL volumetric flasks. 1.0
mL of 5M HCl was added in the flask and kept in versatile environmental test
chamber at 400C/75% RH for 1, 24 and 48h. After completion of the stress, all
solutions were neutralized with 5M NaOH and completed up to the mark with
mobile phase.
3.9.9.2 Base Degradation Studies
Base degradation studies were performed in versatile environmental test chamber
(Sanyo, Japan) at 40 0C/75% RH using 5M NaOH. For this purpose, 1.0 mL of the
standard stock solution was taken in three separate 50.0 mL volumetric flasks. 1.0
mL of 5 M NaOH was added in the flask and kept in versatile environmental test
chamber at 400C/75% RH for 1, 15 and 24h. After completion of the stress, all
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solutions were neutralized with 5M HCl and completed up to the mark with mobile
phase.
3.9.9.3 Oxidative Degradation Studies
Oxidative degradation studies were performed in versatile environmental test
chamber (Sanyo, Japan) at 40 0C/75% RH using 6 % H2O2. For this purpose, 1.0
mL of the standard stock solution was taken in two separate 50.0 mL volumetric
flasks. 1.0 mL of 6 % H2O2 was added in the flask and kept in versatile
environmental test chamber at 400C/75% RH for 1 and 24h. After completion of
the stress, the 50.0 mL flask was completed up to the mark with mobile phase.
3.9.9.4 Thermal Degradation Studies
Thermal degradation studies were performed in versatile environmental test
chamber (Sanyo, Japan) at 40 0C/75% RH. For this purpose, 1.0 mL of the standard
stock solution was taken in three separate 50.0 mL volumetric flasks and kept in
versatile environmental test chamber at 400C/75% RH for 1, 24 and 40h. After
completion of the stress, the 50.0 mL flask was completed up to the mark with
mobile phase.
3.9.9.5 Photolytic Degradation Studies
For photolytic degradation 1.0 mL standard stock solution was placed in the direct
sunlight for 2h.
3.9.10 Applications of the Developed Method
Application of the proposed method was checked by analyzing the piroxicam and
paracetamol in commercially available pharmaceutical products. The results
showed high percentage recoveries and low RSD (%) values for both analytes.
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3.9.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

254 nm

5.

Injector

Rheodyne

6.

Mobile Phase

20 mM KH2PO4 (pH 3.0):CH3CN in the
ratio of 40:60 (v/v), respectively.

7.

Flow Rate

1.0 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8 BDS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.10 Naproxen Sodium and Esomeprazole Magnesium Binary Combination
3.10.1 Preparation of Mobile Phase
Mobile phase was prepared by mixing acetonitrile and phosphate buffer (pH 6.1) in
ratio of (60:40, v/v). Buffer solution was prepared by taking 2.72 g of potassium
dihydrogen phosphate and 0.525 g of dipotassium hydrogen phosphate in 1000.0
mL of water and sonicated to dissolve.
3.10.2 Preparation of Standard Solution
To prepare the standard solution, 187.5 mg of naproxen and 10 mg of esomeprazole
were transferred to 25.0 mL volumetric flask. 20.0 mL of 0.1M sodium hydroxide
was added and sonicated for 10 minutes to dissolve both the drugs. After
dissolution, the volume was made up to the mark with same solvent. 1.0 mL of this
solution was then diluted to 50.0 mL with mobile phase. This furnished the
concentrations of final solution equal to 150 µg mL-1 naproxen and 8 µg mL-1
esomeprazole.
3.10.3 Preparation of Sample Solution
The average weight of accurately weighed twenty tablets was determined and then
these tablets were manually milled using pestle and mortar to a homogenized
powder. An amount of the milled tablets equal to 187.5 mg naproxen and 10 mg of
esomeprazole was transferred to a 25.0 mL volumetric flask containing 20.0 mL of
0.1M sodium hydroxide and sonicated for ten minutes to extract all the drugs from
the excipients. The solution was cooled and then filtered. The filtrate was then
diluted 50 times with mobile phase. The final concentration thus achieved was 150
µg mL-1 naproxen and 8 µg mL-1 esomeprazole.
3.10.4 Linearity
The calibration curves were prepared to evaluate linearity. For this purpose seven
different concentrations in the range of 9.38 to 300 µg mL-1 for naproxen (9.38,
37.5, 75, 112.5, 150, 225 and 300 µg mL-1) and 0.5 to 16 µg mL-1 for esomeprazole
(0.5, 2, 4, 6, 8, 12 and 16 µg mL-1) were used. Triplicate measurements of each
concentration were performed.
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3.10.5 Limits of Detection (LOD) and of Quantitation (LOQ)
To calculate the limit of detection (LOD) and of quantitation (LOQ), a number of
solutions with decreasing concentrations were prepared and then analyzed. LOD
and LOQ were then measured by evaluating the level at which the analyte can be
readily detected (S/N 3:1) and quantified (S/N 10:1) with accuracy, respectively.
3.10.6 Accuracy
For carrying out accuracy, known quantities of the naproxen and esomeprazole
standard solutions were added to the sample solutions that were previously
quantified. Both the results were then compared. Three levels of solutions in the
range of 50 - 150 % of the nominal analytical concentration. i.e. 150 µg mL-1
naproxen and 8 µg mL-1 esomeprazole were prepared and analyzed for this purpose.
3.10.7 Precision
Intra day and Inter day precision was performed to validate the precision of the
proposed method. Precision of the developed method was calculated in terms of
relative standard deviation (RSD %) of the results obtained within day and between
the days.
3.10.8 Robustness
Robustness is ability of a chromatographic method to give almost same results
under somewhat different experimental conditions. To perform this parameter,
small changes in the composition of the mobile phase, flow rate and pH of the
buffer solution were made. Percentage recovery along with chromatographic
parameters such as tailing factor, retention time and number of theoretical plates
were calculated at those changed conditions.
3.10.9 Specificity or Forced Degradation Study
Stress testing was carried out (using ICH guidelines) in 50.0 mL calibrated flask.
3.10.9.1 Acid Degradation Studies
For acid degradation studies, 1.0 mL of the stock solution was acquired in 50.0 mL
calibrated flask. 1.0 mL of 1M HCl was supplemented and reserved at 25o C/60%
RH for 1h. After specified time, the solution was neutralized with 1M NaOH and
completed upto the mark with mobile phase.
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3.10.9.2 Base Degradation Studies
For base degradation studies, 1.0 mL of stock solution was acquired in 50.0 mL
calibrated flask. 1.0 mL of 1M NaOH was supplemented and reserved at 25o C/60%
RH, for 1h. After specified time, the solution was neutralized with 1M HCl and
completed upto the mark with mobile phase.
3.10.9.3 Oxidative Degradation Studies
For oxidative degradation studies, 1.0 mL of stock solution was acquired in 50.0
mL calibrated flask. 0.5 mL of 6% H2O2 was supplemented in flask and reserved at
25o C/60 % RH for 1h. After specified time, the solution was completed upto the
mark with mobile phase.
3.10.9.4 Thermal Degradation Studies
For thermal degradations studies, 10.0 mL of the stock solution was refluxed for
1h. Take 1.0 mL of the refluxed sample in 25.0 mL volumetric flask and diluted
upto the mark with mobile phase.
3.10.10 Applications of the Developed Method
For the application of the developed method exactly weighed pulverized excellent
particles of the tablets powder equivalent to 150 g mL-1 naproxen and 8.0 g mL-1
esomeprazole in 25.0 mL calibrated flask, diluted upto mark with mobile phase.
Sonicate for 10 minutes. Subsequently, 1.0 mL was diluted to 50.0 mL with mobile
phase to arrange the sample solution. The high percentage recoveries of naproxen
and esomeprazole with low standard deviations values confirmed the suitability of
the developed method for intended use.
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3.10.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

302 nm

5.

Injector

Rheodyne

6.

Mobile Phase

Buffer (pH 6.1) and CH3CN, in the ratio of
40:60 (v/v), respectively.

7.

Flow Rate

1.5 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C18 ODS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.11 Naproxen Sodium and Sumatriptan Succinate Binary Combination
3.11.1 Preparation of Mobile Phase
The mobile phase was prepared by mixing phosphate buffer (pH 6.1) and
acetonitrile in the ratio of (40:60, v/v). Buffer preparations was made by taking
2.72 g of potassium dihydrogen phosphate and 0.525 g of dipotassium hydrogen
phosphate in 1000.0 mL of water and sonicated to dissolve.
3.11.2 Preparation of Standard Solution
To prepare the standard solutions, 187.5 mg of naproxen sodium and 34 mg of
sumatriptan were accurately weighed and then transferred to 25.0 mL of volumetric
flask. 20.0 mL of 0.1M sodium hydroxide was added and sonicated for 10 minutes
to dissolve both the drugs. After dissolution the volume was completed up to the
mark with the same solvent. 1.0 mL of this solution was then diluted to 50.0 mL
with mobile phase. This furnished the concentrations of final solution equal to 150
µg mL-1 naproxen sodium and 27.2 µg mL-1 sumatriptan.
3.11.3 Preparation of Sample Solution
Twenty tablets were accurately weighed and then their average weight was
determined. These tablets were then manually milled using pestle and mortar to a
homogenized powder. An amount of the milled tablets equal to 187.5 mg naproxen
sodium and 34 mg of sumatriptan was weighed and transferred to a 25.0 mL
volumetric flask. 20.0 mL of 0.1M sodium hydroxide was added and sonicated for
ten minutes to extract all the drugs from the excipients. The solution was cooled
and then filtered using Whatmann filter paper no 41. 1.0 mL of the filtrate was then
diluted to 50.0 mL with mobile phase. The final concentration thus achieved was
150 µg mL-1 naproxen sodium and 27.2 µg mL-1 sumatriptan.
3.11.4 Linearity
The calibration curve was prepared to evaluate linearity. For this purpose seven
different concentrations were made and analyzed in the range of 9.38 to 300 µg
mL-1 for naproxen sodium (9.38, 37.5, 75, 112.5, 150, 225 and 300 µg mL-1) and
1.7 to 54.54 µg mL-1 for sumatriptan (1.7, 6.8, 13.64, 20.45, 27.27, 41 and 54.54 µg
mL-1). Each concentration was made and analyzed in triplicate.
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3.11.5 Limits of Detection (LOD) and of Quantitation (LOQ)
Limit of detection (LOD) is the lowest concentration of an analyte that can be
detected by the proposed method. It is generally referred to as a concentration when
the signal to noise ratio is usually 3:1. The limit of quantitation (LOQ) is the lowest
concentration of an analyte that can be determined with acceptable accuracy with a
signal to noise ratio of about 10:1. To calculate the LOD and LOQ values, serials of
dilutions were made and analyzed by the proposed method. The limit of detection
(LOD) and quantification (LOQ) were then established by evaluating the level at
which the analyte can be readily detected and quantified with accuracy,
respectively.
3.11.6 Accuracy
To determine the accuracy, known amounts of the naproxen sodium and
sumatriptan were added to pre-quantified sample solution and then experimental
and theoretical results were compared. Three levels of concentrations were made
which corresponds to 50, 100 and 150 % of the nominal analytical concentration
i.e. 150 µg mL-1 naproxen sodium and 27.27 µg mL-1 sumatriptan.
3.11.7 Precision
Intra day and Inter day precision was performed to validate the precision of the
proposed method. Precision of the developed method was calculated in terms of
relative standard deviation (RSD %) of the results obtained within day and between
the days.
3.11.8 Robustness
Deliberate modifications were made in the operating conditions of the method to
assess the robustness of the method. For this purpose slight changes were made in
the composition of the mobile phase, flow rate and pH of the buffer solution and
the percentage recovery of the analytes along with chromatographic parameters
such as retention time, tailing factor and number of theoretical plates were
calculated.
3.11.9 Specificity or Forced Degradation Study
Stress testing was carried out (using ICH guidelines) in 50.0 mL calibrated flask.
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3.11.9.1 Acid Degradation Studies
For acid degradation studies, 1.0 mL of the stock solution was acquired in 50.0 mL
calibrated flask. 1.0 mL of 1M HCl was supplemented and reserved at 25o C/60%
RH for 1h. After specified time, the solution was neutralized with 1M NaOH and
diluted with mobile phase.
3.11.9.2 Base Degradation Studies
For the base degradation studies, 1.0 mL of the stock solution was acquired in 50.0
mL calibrated flask. 1.0 mL of 1M NaOH was supplemented and reserved at 25o
C/60% RH, for 1h. After specified time, the solution was neutralized with 1M HCl
and diluted with mobile phase.
3.11.9.3 Oxidative Degradation Studies
For oxidative degradation studies, 1.0 mL of the stock solution was acquired in
50.0 mL calibrated flask. 0.5 mL of 6% H2O2 was supplemented in flask and
reserved at 25o C/60 % RH for 1h. After specified time, the solution was completed
upto the mark mobile phase.
3.11.9.4 Thermal Degradation Studies
For thermal degradation studies 10.0 mL of the stock solution was refluxed for 1h.
Take 1.0 mL of the refluxed sample in 50.0 mL volumetric flask and diluted upto
the mark with mobile phase.
3.11.10 Applications of the Developed Method
Application of the developed method was checked for the analysis of naproxen and
sumatriptan in tablet formulation. For this purpose exactly weighed pulverized
excellent particles of tablets powder equivalent to 187.5 mg naproxen and 34 mg
sumatriptan in 25.0 mL calibrated flask, diluted with mobile phase. Sonicate for 10
minutes. Subsequently, 1.0 mL was diluted to 50.0 mL and completed upto the
mark with mobile phase to arrange the sample solution.

51

CHAPTER 3. EXPERIMENTAL WORK
3.11.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

302 nm

5.

Injector

Rheodyne

6.

Mobile Phase

Buffer (pH 6.1) and CH3CN, in the ratio of
40:60 (v/v), respectively.

7.

Flow Rate

1.5 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C18 ODS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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3.12 Flurbiprofen and Gatifloxacin Binary Combination
3.12.1 Preparation of Mobile Phase
Mobile phase consisted of methanol and 20 mM phosphate buffer (pH 3.0) in the
ratio of (70:30 v/v, respectively) was used. Phosphate buffer prepared by taking
2.72 g of potassium dihydrogen phosphate in 1000.0 mL water. 1.0 mL
triethylamine (TEA) was supplemented and pH adjusted to 3.0 with dilute
phosphoric acid.
3.12.2 Preparation of Standard Solution
Stock solution (A) prepared to decrease the number of recurring operations
involved and hence, the probability of human or experimental error. Furthermore
direct weighing of gatifloxacin (60

g mL-1) and flurbiprofen (6

g mL-1) to

prepare the working standard solution cannot be carried out with sufficient
accuracy. Standard stock solution of gatifloxacin (1500 g mL-1) and flurbiprofen
(150 g mL-1) prepared by accurately weighed 150 mg gatifloxacin and 15 mg
flurbiprofen in 100.0 mL volumetric flask and up to mark with mobile phase. The
contents dissolved through sonication for 5 minutes. Working standard solutions of
gatifloxacin and flurbiprofen prepared from stock solution. Stock solution also used
to arrange working solutions for accuracy, precision, linearity, forced degradation
studies and robustness. 1.0 mL of stock solution (A) diluted to 25.0 mL with
mobile phase to prepare working standard solution (B) having concentration equal
to 60

g mL-1 of gatifloxacin and 6

g mL-1 of flurbiprofen. The solution was

filtered through 0.45 m nylon filter before analysis.
3.12.3 Preparation of Sample Solution
1.0 mL of commercial eye drops (composition 3 mg mL-1 gatifloxacin and 0.3 mg
mL-1 flurbiprofen) diluted to 50.0 mL with mobile phase to obtain concentration
equal to 60 g mL-1 of gatifloxacin and 6 g mL-1 of flurbiprofen. The solution was
filtered through 0.45 m nylon filter before analysis. Human urine samples injected
directly after dilution in the mobile phase. 1250
spiked with 1250

L of stock solution (A) was

L of human urine in polypropylene tube. The solution was

centrifuged at 4000 rpm for 10 minutes. Then 200
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diluted with 2300 L of mobile phase. This furnished solution concentration equal
to (60 g mL-1 of gatifloxacin and 6.0 g mL-1 of flurbiprofen). The solution was
filtered through 0.45 m nylon filter before analysis. Serum samples injected after
proteins precipitation with mobile phase. 250 L of human serum was spiked with
50 L of stock solution (A) in polypropylene tube. 950 L of mobile phase added
and centrifuged the solution at 4000 rpm for 10 minutes to precipitate plasma
proteins. This furnished solution concentration equal to (60 g mL-1 of gatifloxacin
and 6.0

g mL-1 of flurbiprofen). The supernatant solution separated in

polypropylene tube. The solution was filtered through 0.45 m nylon filter before
analysis.
3.12.4 Linearity
Linear calibration plots of the developed method were obtained over concentration
ranges of 15-105 g mL-1 (15, 30, 45, 60, 75, 90 and 105 µg mL-1) for gatifloxacin
and 1.5-10.5 g mL-1 for flurbiprofen (1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 µg mL-1).
Each solution was prepared in triplicate.
3.12.5 Limits of Detection (LOD) and of Quantitation (LOQ)
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 (benzalkonium chloride and sodium chloride), human
serum and urine. Each solution made according to defined protocol and analyzed
repeatedly to determine the S/N ratio. The average S/N ratio at each concentration
level was used to calculate the limit of quantitation and limit of detection. The
concentration level that gives S/N ratio 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 gives S/N ratio of about 3:1 at
which gatifloxacin and flurbiprofen can be readily detected was reported as limit of
detection.
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3.12.6 Accuracy
For accuracy determination known quantities (50, 100 and 150 %) of gatifloxacin
and flurbiprofen with recognized purity have been spiked to placebo components
(benzalkonium chloride and sodium chloride in aqueous base), human serum and
urine. Synthetic mixture (100 % nominal analytical concentration) of gatifloxacin
(60 g mL-1) and flurbiprofen (6.0 g mL-1) prepared by mixing gatifloxacin (60
mg), flurbiprofen (6.0 mg), benzalkonium chloride (0.2g) and sodium chloride
(2.5g) in 1000.0 mL purified water for 30 minutes using magnetic stirrer. Three
levels of synthetic mixtures were prepared corresponding to 50, 100 and 150 % of
nominal analytical concentration (60 g mL-1 of gatifloxacin and 6.0 g mL-1 of
flurbiprofen) and analyzed by developed method.
3.12.7 Precision
Repeatability was evaluated by determination of intra-day and inter-day precision.
Intra-day precision determined by injecting five standard solutions of three
different concentrations of gatifloxacin and flurbiprofen on same day and inter-day
precision determined by injecting same solutions for three consecutive days.
Relative standard deviation of gatifloxacin and flurbiprofen peaks was then
calculated to represent precision.
3.12.8 Robustness
Premeditate variations were performed in the experimental conditions of proposed
method to assess the method robustness. For this intention, minor changes were
made in 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. The following protocol
was used to assess the method robustness.
3.12.8.1 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.
3.12.8.2 Ratio of Components in the Mobile Phase
The following adjustment limits were applied to minor component (aqueous buffer)
of the mobile phase. The amount of buffer was adjusted within ± 30 % relative not
55

CHAPTER 3. EXPERIMENTAL WORK
exceeded ± 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.
3.12.8.3 Flow Rate
Flow rate of the mobile phase was adjusted to ± 50% of 1.5 mL min-1 (1.0 mL min1

to 2.0 mL min-1).

3.12.8.4 Acceptance Criteria
The above mentioned factors (pH of buffer, mobile phase ratio and flow rate)
should not have any significant effect on the potency (assay) results of gatifloxacin
and flurbiprofen.
3.12.8.5 Tailing Factor (T)
Tailing factor should be NMT 1.5.
3.12.8.6 Resolution (R)
Resolution between adjacent peaks should be NLT 1.5.
3.12.8.7 Theoretical Plates (N)
Theoretical plates for analytical peaks should be NLT 2000.
3.12.9 Specificity or Forced Degradation Study
Specificity of developed method was evaluated by using different ICH prescribed
(acidic, basic, oxidative, thermal and photolytic) stress conditions.
3.12.9.1 Acid Degradation Studies
Acid degradation study was carried out in versatile environmental test chamber
(Sanyo, Japan) at 400C/75% RH using 5M HCl. For this purpose, 1.0 mL of stock
solution (A) was taken in 25.0 mL volumetric flask. 1.0 mL of 5M HCl was added
in flask and kept in versatile environmental test chamber at 400C/75% RH for 24h.
After completion of the stress, solution was neutralized by using 5M NaOH and
completed up to mark with mobile phase.
3.12.9.2 Base Degradation Studies
Base degradation study was performed at 40 0 C/75% RH using 5M NaOH. For this
purpose, 1.0 mL of stock solution (A) was taken in three 25.0 mL volumetric
flasks. 1.0 mL of 5M NaOH was added in flask and kept at 40 0 C/75% RH for 1, 3
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and 7 days. After completion of the stress, solutions were neutralized by using 5M
HCl and completed up to the mark with mobile phase.
3.12.9.3 Oxidative Degradation Studies
Oxidative degradation study was performed at 40 0C/75% RH using 6 % H2O2. For
this purpose, 1.0 mL of stock solution (A) was taken in 25.0 mL volumetric flask.
1.0 mL of 6 % H2O2 was added in flask and kept in versatile environmental test
chamber at 40 0C/75% RH for 24h. After completion of stress, the 25.0 mL flask
was completed up to mark with mobile phase.
3.12.9.4 Thermal Degradation Studies
Thermal degradation study was performed at 40 0C/75% RH. For this purpose, 1.0
mL of stock solution (A) was taken in three different 25.0 mL volumetric flasks
and kept in versatile environmental test chamber at 40 0C/75% RH for 1, 3 and 7
days. After specified time, the 25.0 mL flasks were completed up to the mark with
mobile phase.
3.12.9.5 Photolytic Degradation Studies
For photolytic degradation 1.0 mL of the stock solution (A) was taken in three
different 25.0 mL volumetric flasks placed in direct sunlight for 1, 2 and 3h. After
completion of stress the 25.0 mL flasks were completed up to mark with mobile
phase.
3.12.10 Applications of the Developed Method
Application of developed method was checked by analyzing the gatifloxacin and
flurbiprofen in commercially available pharmaceutical products, human plasma and
urine samples.
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3.12.11 HPLC Set Up
1.

HPLC System

SCHIMADZU LC 20

2.

HPLC Pump

LC 20

3.

Detector

UV-VIS, DAD

4.

Wavelength

254 nm

5.

Injector

Rheodyne

6.

Mobile Phase

20 mM KH2PO4 (pH 3.0) and CH3OH in the
ratio of 30:70 (v/v), respectively.

7.

Flow Rate

1.5 mL min-1

8.

Temperature

(25 ± 2 0C)

9.

Column

C8 BDS Hypersil (250*4.6 mm)

10.

Particle size

5 m
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4. RESULTS AND DISCUSSIONS
4.1 Ketorolac Tromethamine and Gatifloxacin Binary Combination
4.1.1 Method Development and Optimization
RP-HPLC carried out with silica-based column is performed by many researchers
in the separations of active pharmaceutical ingredients. However, there are some
draw backs of it i.e. compounds containing basic nitrogen atoms are often tightly
attached to the exposed silanol groups and results in peak tailing. In addition,
irreproducible retention and non-robust separation are obtained. In this work we
proposed a simple, sensitive and accurate HPLC method for simultaneous
determination of gatifloxacin and ketorolac tromethamine. Both drugs contain basic
nitrogen atoms and causes peak tailing problems due to interactions of these basic
nitrogen atoms with the residual silanol groups of the stationary phase during
chromatographic separation. To obtain symmetrical peaks with better resolution,
the chromatographic conditions i.e. eluent optimization (pH, silanol blockers) were
optimized. Various chromatographic conditions such as mobile phase composition,
analytical columns with different packing materials (C8, C18, phenyl, cyano), and
configurations (10, 15, 25cm columns) were tested to obtain sharp peaks with
reduced tailing and better resolution. Finally a base deactivated silica end-capped
BDS Hypersil C8 column was selected which provided reduced peak tailing.
Mobile phase selection was done keeping in view peak parameters, run time, ease
of preparation and cost. The most suitable mobile phase composition was found to
be methanol and phosphate buffer (pH 3.0) in the ratio of 55:45 (v/v). 1mL of
triethylamine as silanol blocker was added before adjustment of pH of the buffer
solution to reduce the peak tailing of the analytes. Under the mentioned
chromatographic conditions highly symmetrical and sharp peaks of gatifloxacin
and ketorolac tromethamine were obtained (Fig. 4.1).
4.1.2 Analytical Method Validation
4.1.2.1 Linearity
Linear calibration plots for the proposed method were obtained in the concentration
ranges of 30 to 90 µg mL-1 for gatifloxacin (30, 40, 50, 60, 70, 80 and 90 µg mL-1)
and 50 to 110 µg mL-1 for ketorolac tromethamine (50, 60, 70, 80, 90, 100 and 110
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µg mL-1). The linear regression equation for gatifloxacin was found to be Y=
190750X + 391138 with correlation coefficient 0.9998 [Table 4.9]. The linear
regression equation for ketorolac tromethamine was found to be Y= 84857X +
334286 with correlation coefficient 0.9999. The residual plots (Fig. 4.7) of
gatifloxacin and ketorolac clearly indicated a good relationship between
concentration of analytes and detector response.
4.1.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantitation (LOQ) were determined by making
sequential dilutions. LOD was found to be 0.259 µg mL-1 (0.43 %) and 0.566 µg
mL-1 (0.71 %) for gatifloxacin and ketorolac tromethamine respectively (signal to
noise ratio of 3:1). LOQ was found to be 0.777 µg mL-1 (1.3 %) and 1.699 µg mL-1
(2.1 %) for gatifloxacin and ketorolac tromethamine respectively (signal to noise
ratio of 10:1).
4.1.2.3 Accuracy
Accuracy of the method was performed by the standard addition technique. Three
levels of solutions (70, 100 and 130%) of the nominal analytical concentrations
were prepared. The percentage recovery and RSD for each analyte are given in
[Table 4.1]. Recovery studies showed the method to be highly accurate and suitable
for intended use.
4.1.2.4 Precision
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on the same day (n=5) and inter-day precision was
determined by injecting the same solutions for consecutive days. Relative standard
deviation (RSD %) of the peak area was then calculated to represent precision. The
results of intra-day and inter-day precision are presented in [Table 4.2].
4.1.2.5 Robustness
Robustness of the method was performed by slightly varying the chromatographic
conditions. The results showed that slight variations in chromatographic conditions
had negligible effect on the assay results [Table 4.3 and 4.4] of gatifloxacin and
ketorolac. The results of the system suitability parameters are provided in [Table
4.7].
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4.1.2.6 Specificity
Specificity of the developed method was evaluated by different stress conditions
(acid, base, oxidation and thermal) applied to gatifloxacin and ketorolac
tromethamine in combination form. Both drugs were found highly stable in 1M
NaOH, 1M HCl, 6% H2O2 and at 40 OC, 75% RH and were not degraded even after
17 hrs acidic, basic, oxidative and thermal stresses (Fig. 4.9). The degradation in
gatifloxacin and ketorolac was induced (Fig. 4.8) by using more severe degradation
conditions (5M NaOH or HCl and at 160 0C hot plate). In the forced degradation
studies the chromatograms of gatifloxacin and ketorolac fresh standards and
degraded samples were compared to check the stability indicating power of the
method (Fig. 4.2-4.6). Under acidic stress (5M) 18.3 % and 51.4% degradation
occurred in gatifloxacin and ketorolac, respectively. Under oxidative stress 16.3 %
and 34.67 % degradation occurred in gatifloxacin and ketorolac, respectively.
Under photolytic stress gatifloxacin was degraded upto 10.4 % and ketorolac was
degraded upto 49.9% [Table 4.5]. In addition to percentage degradation of analytes,
a number of degradation products were produced under acidic (4.632, 8.250, and
9.720 min), oxidative (4.266, 6.476, 6.967, 7.763, and 10.287 min) and photolytic
(7.751 and 10.259 min) stress conditions. Chromatographic data of stress induced
degradation products is provided in [Table 4.6]. During stress studies, the
degradation peaks were well separated from analytes peaks with peak purity index
≥ 0.9999 showed the method to be highly specific and stability indicating.
4.1.3 Applications of the Developed Method
Application of the proposed method was checked by analyzing the gatifloxacin and
ketorolac tromethamine in commercially available pharmaceutical products. The
accurate assay results [Table 4.8] and low RSD (%) values for both analytes
indicated the suitability of the method for intended use.
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Fig. 4.1 Chromatogram of Ketorolac and Gatifloxacin in Pharmaceutical Formulation

Fig. 4.2 Chromatogram of Ketorolac and Gatifloxacin (acidic stress)
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Fig. 4.3 Chromatogram of Ketorolac and Gatifloxacin (basic stress)

Fig. 4.4 Chromatogram of Ketorolac and Gatifloxacin (oxidative stress)
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Fig. 4.5 Chromatogram of Ketorolac and Gatifloxacin (thermal stress)

Fig. 4.6 Chromatogram of Ketorolac and Gatifloxacin (photolytic stress)
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Table 4.1 Accuracy of the Proposed HPLC Method

Drugs

Level

Concentration
(µg mL-1)

(%)
Gatifloxacin

Amount Recovered

% Recovery

% RSD

(µg mL-1)

70

42

42.40

100.95

1.14

100

60

59.54

99.23

1.23

130

78

78.72

100.92

0.95

Ketorolac

70

56

55.44

99.0

1.19

Tromethamine

100

80

79.88

99.85

1.02

130

104

104.98

100.94

0.99

Table 4.2 Intra-Day and Inter-Day Precision of the Proposed HPLC Method

Drugs

Concentration

Intra-day Precision

Inter-day Precision

(g mL-1)

Mean

42

42.80

1.06

41.77

1.11

60

60.11

1.21

60.66

1.09

78

78.80

1.16

78.89

1.02

Ketorolac

56

56.22

0.97

55.81

1.18

Tromethamine

80

80.90

1.01

80.22

1.21

104

104.55

0.21

103.41

1.14

Gatifloxacin
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Table 4.3 Robustness Study of Gatifloxacin

Conditions

Assay %

tR (min) Theoretical Plates

Tailing

Methanol:buffer (53:47)

100.82

2.553

4088

1.17

Methanol:buffer (55:45)

99.56

2.460

4128

1.26

Methanol:buffer (57:43)

100.25

2.370

4079

1.28

Flow rate (1.4 mL min-1)

100.75

2.636

4098

1.21

Flow rate (1.5 mL min-1)

100.33

2.460

4140

1.26

Flow rate (1.6 mL min-1)

99.39

2.310

4188

1.22

Buffer (pH 2.8)

99.59

2.420

4041

1.30

Buffer (pH 3.0)

99.72

2.461

4136

1.26

Buffer (pH 3.2)

99.36

2.481

4037

1.33

Table 4.4 Robustness Study of Ketorolac Tromethamine

Conditions

Assay %

tR (min)

Theoretical Plates

Tailing

Methanol:buffer (53:47)

100.08

6.606

5650

1.11

Methanol:buffer (55:45)

100.71

6.366

5665

1.12

Methanol:buffer (57:43)

100.22

6.143

5690

1.20

Flow rate (1.4 mL min-1)

99.91

6.821

5621

1.11

Flow rate (1.5 mL min-1) 100.69

6.365

5663

1.12

Flow rate (1.6 mL min-1) 100.49

5.968

5670

1.19

Buffer (pH 2.8)

99.66

6.322

5661

1.17

Buffer (pH 3.0)

100.67

6.365

5670

1.12

Buffer (pH 3.2)

99.09

6.367

5669

1.11
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Table 4.5 Stress Testing Results of Gatifloxacin and Ketorolac Tromethamine

Nature of

Temp.

Time

Amount of Gatifloxacin

Stress

(0C)

(h)

Remaining±RSD (%)

1M HCl

5M HCl

5M NaOH

Photolytic
Thermal

Decomposition

20

101.4 ± 1.2

101.2 ± 0.9

None

40

1

101.4 ± 1.3

99.7 ± 1.2

//

25

20

99.2 ± 1.9

101.6 ± 0.2

//

40

1

101.1 ± 0.3

1

100.1 ± 1.2

//

81.72 ± 1.5 (PPI=1.0000) 48.63 ± 1.8 (PPI=1.0000) Substantial

25

20

101.1 ± 1.4

99.4 ± 1.1

None

40

1

100.2 ± 1.1

99.1 ± 1.4

//

25

20

101.1± 1.1

100.4 ± 0.7

//

40

1

100.4 ± 1.8

100.4 ± 1.4

//

1

99.9 ± 0.9 (PPI=1.0000)

100.2 ± 1.7 (PPI=1.0000)

//

101.2 ± 1.7

101.4 ± 1.7

//

160 (HP)
6% H2O2

Remaining±RSD (%)

Extent of

25

160 (HP)
1M NaOH

Amount of Ketorolac

25

20

40

1

100.0 ± 1.4

100.4 ± 1.9

160 (HP)

1

83.7 ± 1.8 (PPI=1.0000)

65.4 ± 1.1 (PPI=1.0000) Substantial

Sunlight

1

89.61 ± 1.6 (PPI=1.0000) 51.18 ± 2.8 (PPI=1.0000)

//

//

25

20

101.1 ± 0.2

102.3 ± 1.0

None

40

1

100.74 ± 1.4

100.4 ± 1.0

//

5

101.5 ± 1.2 (PPI=1.0000)

91.7 ± 2.1 (PPI=1.0000)

160 (HP)

HP= Hot plate, PPI= Peak Purity Index
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Table 4.6 Chromatographic Data of Degradation Products

Nature of

Retention time

Stress

Number of Theoretical

Minutes

Acidic

4.632, 8.250, 9.720

Basic

----------------

Tailing Factors

Plates

2181, 8888, 1011

1.29, 1.59, 1.48

----------------

--------------

Oxidative 4.266, 6.476, 6.967, 7.763, 10.287 1250, 2142, 4517, 5878, 1254
Thermal

-----------------

Photolytic

0.98, 1.21, 1.12, 1.23, 1.14

-----------------

7.751, 10.259

--------------

5021,1257

1.32, 1.10

Table 4.7 System Suitability Results of Gatifloxacin and Ketorolac Tromethamine
Drugs

Tailing Factor

Theoretical Plates

Resolution

k/

Gatifloxacin

1.24

4081

-------

------

Ketorolac Tromethamine

1.11

5688

15.21

1.55

Table 4.8 Assay Results of Gatifloxacin and Ketorolac Tromethamine in
Commercial Eye Drops
Products

Ingredients

Label Value

Found
-1

Gatilox plus

Gatifloxacin
Ketorolac Tromethamine

Ketomar

Gatifloxacin
Ketorolac Tromethamine

Assay Results

(mg mL )

(%)

3

3.01

100.33

4

3.99

99.75

3

3.02

100.67

4

4.01

100.25
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Table 4.9 Regression Statistics of Gatifloxacin and Ketorolac Tromethamine
Drugs

Regression Equation

Gatifloxacin

Y= 190750X + 391138

Ketorolac

Y= 84857X + 334286

Conc. Range

LOD

LOQ

R2

(µg mL-1)

(µg mL-1)

30-90

0.259

0.777

0.9998

50-110

0.566

1.699

0.9999

Tromethamine
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4.2 Ketorolac Tromethamine and Moxifloxacin Binary Combination
4.2.1 Method Development and Optimization
In this work a simple, sensitive and accurate isocratic RP-HPLC method for simultaneous
determination of moxifloxacin, ketorolac and their stress induced degradation products is
proposed. Both drugs contain basic nitrogen atoms and therefore have the potential to
cause peak tailing due to interactions of these basic nitrogen atoms with the silanol
groups of the stationary phase during chromatographic separation. In order to obtain
symmetrical peaks with better resolution, the chromatographic conditions i.e. pH of the
buffer, concentration of organic modifier and silanol blockers were optimized. Various
chromatographic conditions such as mobile phase composition, analytical columns with
different packing materials (C8, C18, phenyl, cyano), and configurations (10, 15, 25 cm
columns) were used to obtain sharp peaks with reduced tailing, better resolution with no
peak impurity. Finally a base deactivated silica end-capped BDS Hypersil C8 column was
selected which provided reduced peak tailing and acceptable peak purity index. Mobile
phase composition was selected based upon peak parameters (symmetry, tailing,
resolution and peak purity index etc.), run time, ease of preparation and cost. The most
suitable mobile phase composition was found to be methanol and phosphate buffer (pH
3.0) in the ratio of 55:45 (v/v), respectively. Under the mentioned chromatographic
conditions highly symmetrical and sharp peaks of moxifloxacin and ketorolac were
obtained at retention times of 5.25 and 11.49 minutes, respectively [Fig. 4.10].
4.2.2 Analytical Method Validation
The developed chromatographic method was validated using ICH guidelines. Validation
parameters include linearity, accuracy, precision, robustness, specificity, limit of
detection and quantitation.
4.2.2.1 Linearity
Linear calibration plots for the proposed method were obtained in concentration range of
20 to 140 µg mL-1 for both moxifloxacin and ketorolac (20, 40, 60, 80, 100, 120 and 140
µg mL-1). The linear regression equation for moxifloxacin was found to be Y= 13892 X +
54497 whereas for ketorolac, it was Y= 84857 X + 334286. The correlation coefficient
for both the drugs was equal to 0.9999. The results of the regression statistics of
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moxifloxacin and ketorolac are given in [Table 4.17]. The residual plots of moxifloxacin
and ketorolac are given in (Fig. 4.16). The residual plots of the moxifloxacin and
ketorolac clearly indicated that the data points (positive and negative values as bar graph)
are evenly distributed around a horizontal line. It was thus concluded that the straight line
function was appropriate for both the drugs.
4.2.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantitation (LOQ) were determined by making serials
of dilutions. LOD was found to be 0.16 µg mL-1 (0.20 %) and 0.18 µg mL-1 (0.22 %) for
moxifloxacin and ketorolac tromethamine, respectively (signal to noise ratio of 3:1).
LOQ was found to be 0.53 µg mL-1 (0.66 %) and 0.60 µg mL-1 (0.75 %) for moxifloxacin
and ketorolac tromethamine, respectively (signal to noise ratio of 10:1).
4.2.2.3 Accuracy
Accuracy of the method was performed by the standard addition technique. Three levels
of solutions (70, 100 and 130 %) of the nominal analytical concentrations were prepared.
Percentage recoveries along with standard deviation and relative standard deviations for
each analyte (n=5) are given in [Table 4.10]. Recovery studies showed the method to be
highly accurate and suitable for intended use.
4.2.2.4 Precision
Intra-day precision was determined by injecting five standard solutions of three different
concentrations on the same day (n=5) and inter-day precision was determined by
injecting the same solutions for three consecutive days. Relative standard deviation (RSD
%) of the peak area calculated to represent precision. The results of intra-day and interday precision are presented in [Table 4.11].
4.2.2.5 Robustness
Robustness of the method was performed by slightly varying the chromatographic
conditions. The results showed that slight variations in chromatographic conditions had
negligible effect on the chromatographic parameters [Table 4.12 and 4.13].
4.2.2.6 Specificity
Specificity of the developed method was evaluated by applying different stress
conditions (acid, base, oxidation, photolytic and thermal) to moxifloxacin and ketorolac
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tromethamine in combination form. The chromatograms under different stress conditions
are given in (Fig. 4.11-4.15). The results of stress studies are given in [Table 4.15]. From
the results it is evident that under mild conditions both drugs were not degraded and
remain intact except under photolytic conditions where moxifloxacin was degraded up to
16 % whereas ketorolac was degraded up to 36 %. All the stress conditions (except
thermal) applied at 160o C were enough to degrade both the drugs within one hour.
Comparison of the two drugs showed that moxifloxacin was more stable as compared to
ketorolac. Greatest degradation of ketorolac occurred under acidic conditions at 160o C
whereas greatest degradation of moxifloxacin was done under photolytic conditions.
In addition to the percentage degradation of each drug, a number of degradation products
(impurities) were produced under all the stress conditions except thermal. The first
degradation product (impurity) under acidic stress was produced at 4.2 minutes and this
degradation product was also produced under all other stress conditions which showed
the same degradation pattern up to degradation product one. The second degradation
product produced at 4.6 minutes under basic stress was also common with the
degradation under photolytic conditions. The degradation product at 4.9 and 7.7 minutes
were common in acidic and photolytic conditions and they were absent in other stress
conditions. Similarly a degradation product at 10.2 minutes was common under oxidative
and photolytic conditions. There were some other degradation products (impurities)
which were unique to acidic (6.01 min) and oxidative (7.96 min) stress conditions.
Chromatographic data of the stress induced degradation products are provided in [Table
4.14]. Graphical representation of stress induced degradation studies of moxifloxacin and
ketorolac are given in (Fig. 4.17).
4.2.3 Applications of the Developed Method
Application of the proposed method was checked by analyzing the moxifloxacin and
ketorolac in commercially available pharmaceutical products. The high accurate assay
results [Table 4.16] and low RSD (%) values for both analytes indicated the suitability of
the developed method.
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Fig. 4.10 Chromatogram of Moxifloxacin and Ketorolac in Pharmaceutical Formulations

Fig. 4.11 Chromatogram of Moxifloxacin and Ketorolac (acidic stress)
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Fig. 4.12 Chromatogram of Moxifloxacin and Ketorolac (Basic stress)

Fig. 4.13 Chromatogram of Moxifloxacin and Ketorolac (Oxidative stress)
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Fig. 4.14 Chromatogram of Moxifloxacin and Ketorolac (Photolytic stress)

Fig. 4.15 Chromatogram of Moxifloxacin and Ketorolac (Thermal stress)
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Table 4.10 Accuracy of the Proposed HPLC Method

Drugs

Spiked Concentration
(µg mL-1)

Moxifloxacin

Measured Concentration

Recovery (%)

(µg mL-1) ± SD; RSD (%)

56

55.5 ± 0.3; 0.6

99

80

80.8 ± 0.5; 0.6

101

104

105.1 ± 0.9; 0.9

101

Ketorolac

56

55.9 ± 0.5; 1.0

100

Tromethamine

80

79.1 ± 0.3; 0.4

99

104

104.0 ± 1.0; 0.9

100

Table 4.11 Intra-Day and Inter-Day Precision of the Proposed HPLC Method

Drugs

Actual Concentration
(g mL-1)

Moxifloxacin

Intra-day Precision
Measured Conc. ± SD; RSD (%)

Inter-day Precision
Measured Conc. ± SD; RSD (%)

56

56.1 ± 0.7; 1.2

80

80.5 ± 1.0; 1.3

80.4 ± 1.2; 1.5

104

104.9 ± 1.6; 1.5

104.2 ± 1.8; 1.7

Ketorolac

56

57.2 ± 0.7; 1.2

56.8 ± 0.8; 1.4

Tromethamine

80

79.9 ± 0.9; 1.1

80.2 ± 1.0; 1.3

104

104.1 ± 1.3; 1.2

104.0 ± 1.4; 1.4

79

56.8 ± 0.9; 1.6

CHAPTER 4. RESULTS AND DISCUSSIONS

Table 4.12 Robustness Study of Moxifloxacin

Chromatographic Conditions

Assay %

tR (min) Theoretical Plates

Tailing

Methanol:buffer (53:47)

100.82

5.472

5518

1.17

Methanol:buffer (55:45)

99.56

5.273

5591

1.13

Methanol:buffer (57:43)

100.25

5.121

5522

1.18

Flow rate (0.6 mL min-1)

100.75

6.092

5512

1.22

Flow rate (0.8 mL min-1)

99.39

4.710

5588

1.32

Buffer (pH 2.8)

99.59

5.176

5511

1.17

Buffer (pH 3.2)

99.36

5.340

5537

1.18

Table 4.13 Robustness Study of Ketorolac

Chromatographic Conditions

Assay %

tR (min)

Theoretical Plates

Tailing

Methanol:buffer (53:47)

100.08

11.931

6850

1.11

Methanol:buffer (55:45)

100.71

11.491

6865

1.12

Methanol:buffer (57:43)

100.22

11.143

6890

1.20

Flow rate (0.6 mL min-1)

99.91

13.321

6821

1.11

Flow rate (0.8 mL min-1)

100.49

10.068

6870

1.19

Buffer (pH 2.8)

99.66

11.322

6861

1.17

Buffer (pH 3.2)

99.09

11.567

6869

1.11
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Table 4.14 Chromatographic Data of Degradation Products

Nature of
Stress

Acidic
Basic
Oxidative

Retention Time
Minutes

4.293,4.893,6.012,7.724
4.297,4.621
4.264,7.969,10.229

Number of Theoretical
Plates

1981,6188,6716,3892

-------------------

0.879,1.103,1.226,0.781

2504,5136

0.881,1.155

5250,6142,7517

1.397,1.004,1.098

Photolytic 4.295,4.623, 4.907,7.736,10.243 8553,5487, 6982,6499,7168
Thermal

Tailing Factors

--------------------
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Table 4.15 Stress Testing Results of Moxifloxacin and Ketorolac Tromethamine

Nature of

Temp. Time
0

Stress
1 M HCl

5 M HCl

5 M NaOH

6 % H2O2

Photolytic
Thermal

Extent of

(h)

25

19

99.3 ± 1.3

100.0 ± 0.6

None

40

1

100.0 ± 0.3

98.2 ± 1.2

None

25

19

101.2 ± 0.9

100.6 ± 0.2

None

40

1

100.6 ± 0.3

99.9 ± 1.0

None

1

89.4 ± 0.4 (PPI=1.0000)

41.6 ± 0.9 (PPI=1.0000) Substantial

25

19

99.1 ± 0.7

100.2 ± 0.6

None

40

1

100.2 ± 0.3

99.4 ± 0.9

None

25

19

101.7 ± 1.1

101.3 ± 0.4

None

40

1

99.0 ± 0.4

100.1 ± 0.9

None

94.6 ± 0.2 (PPI=1.0000)

93.7 ± 0.7 (PPI=1.0000)

Slight

160 (HP) 1

Remaining±RSD (%)

Amount of Ketorolac

( C)

160 (HP)
1 M NaOH

Amount of Moxifloxacin

Remaining±RSD (%) Decomposition

25

19

101.2 ± 0.9

100.5 ± 0.5

None

40

1

99.9 ± 0.2

98.8 ± 1.8

None

160 (HP)

1

91.6 ± 0.2 (PPI=1.0000)

92.0 ± 0.9 (PPI=1.0000)

Slight

Sunlight

1

84.2 ± 1.6 (PPI=1.0000)

63.8 ± 1.9 (PPI=1.0000) Substantial

25

19

100.6 ± 0.4

101.3 ± 1.6

None

40

1

98.9 ± 1.1

102.0 ± 0.3

None

160 (HP)

5

100.0 ± 1.0 (PPI=1.0000)

100.8 ± 0.9 (PPI=1.0000)

None

HP= Hot plate, PPI= Peak Purity Index
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Table 4.16 Assay Results of Moxifloxacin and Ketorolac Tromethamine in
Commercial Eye Drops

Products

Ingredients

Moxiflox plus

Moxicip KT

Label Value

Found

(mg mL-1)

(mg)

±RSD (%)

Moxifloxacin

5

5.02

100.4±0.2

Ketorolac Tromethamine

5

4.99

99.8±0.8

Moxifloxacin

5

5.02

100.4±0.2

5

5.00

100.0±0.1

Ketorolac Tromethamine

Assay Results

Table 4.17 Regression Statistics of Moxifloxacin and Ketorolac Tromethamine

Drugs

Regression Equation

Conc. Range
(µg mL-1)

LOD
(µg mL-1)

LOQ

R2

(µg mL-1)

Moxifloxacin Y= 13892X + 54497

20-140

0.16

0.53

0.9999

Ketorolac

20-140

0.18

0.60

0.9999

Y= 84857X + 334286

Tromethamine
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4.3 Ketorolac Tromethamine and Ofloxacin Binary Combination
4.3.1 Method Development and Optimization
Many researchers used silica-based column in RP-HPLC in the separation of active
pharmaceutical ingredients. However, this suffers from some draw backs i.e., basic
nitrogen containing analytes are often attached to the exposed silanol groups and results
in peak tailing. In this work a simple, sensitive and specific RP-HPLC method for
simultaneous determination of ofloxacin, ketorolac and their stress induced degradation
products is proposed. A series of experiments were performed to optimize the
chromatographic conditions i.e., mobile phase composition, pH of mobile phase and
selection of stationary phase.
Optimization of mobile phase, stationary phase and pH
For optimization of the chromatographic conditions and to obtain symmetrical peaks with
better resolution with no peak impurity, various chromatographic conditions such as
mobile phase composition, different pH of mobile phase, analytical columns with
different packing materials (C8, C18, phenyl, cyano), and configurations (10, 15, 25 cm
columns) were used. All these conditions were also applied for our previous methods for
ketorolac in combination with gatifloxacin and moxifloxacin. However, we were lucky
enough that the same chromatographic conditions gave the best results for ketorolac and
ofloxacin combination as they were for ketorolac with gatifloxacin or moxifloxacin. The
novelty of the method is that the same chromatographic conditions can be used for the
estimation of ketorolac in combination with ofloxacin or moxifloxacin or gatifloxacin.
The process of method development was started with different ratios (80:20, 70:30, 60:40
and 50:50) of methanol and water (pH adjusted to 3.0, 5.0, 7.0 and 9.0). In order to obtain
symmetrical peaks methanol and water mobile phase was tried on four different
stationary phases (Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS Cyano and
Hypersil BDS phenyl-2 ) at four different pH (3.0, 5.0, 7.0 and 9.0).
The variations in the mobile phase composition, stationary phases and pH had
considerable effects on the chromatographic parameters like peak shape, tailing factor,
capacity factor, resolution and separation efficiency. With methanol : water mobile phase
Hypersil BDS Cyano provided symmetrical peaks of ofloxacin at pH 5.0, 7.0 and 9.0 but
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tailed peaks of ketorolac (tailing factor more than 1.92) at all four pH. Similar is the case
with other columns. Then polarity of the mobile phase was increased by using
appropriate buffer instead of water with methanol. Potassium phosphate and acetate
buffers were tried for this purpose. Broad peaks of ofloxacin and ketorolac tromethamine
were obtained with acetate buffer as compared to phosphate buffer. Increase in
temperature of the column oven to 45 0C had no effect on peak broadening.
Further method development was done by using different mixture of methanol and
potassium phosphate buffer at four different pH 3.0, 5.0, 7.0 and 9.0 using the same four
columns. Different molarities of the phosphate buffer were tried to obtain symmetrical
peaks of the analytes in short time period for fast analysis. Finally 0.02M phosphate
buffer with methanol obtained good separation efficiency and resolution of analytes with
reasonable retention time.
With methanol: phosphate buffer (0.02M) mobile phase Hypersil BDS Cyano provided
symmetrical peaks of ofloxacin (pH 5.0, 7.0 and 9.0) and tailed peaks of ketorolac at all
four pH. The asymmetry factor of the ketorolac peak was more than equal to 1.5.
Adjustment of organic modifier and buffer amount did not improve the peak tailing of
ketorolac. Hypersil BDS phenyl 2, Hypersil BDS C8 and Hypersil ODS C18 stationary
phases were provided bad peaks of both the analytes or no peak of ketorolac at all four
pH 3.0, 5.0, 7.0 and 9.0 with methanol and phosphate buffer mobile phase [Table 4.18].
Both the drugs showed peak tailing problem with methanol and 0.02M phosphate buffer.
In order to overcome the peak tailing problems of ofloxacin and ketorolac with the
stationary phases it was decided to use ion pair reagent. Sodium 1-heptane sulphonate
was tried for this purpose but problem still exist. Then it was decided to add silanol
blocker like triethylamine (TEA) in the mobile phase. Different amount of triethylamine
in the mobile phase was tried to obtain symmetrical peaks of both the analytes. The
amount of TEA optimized to be 0.1% v/v (i.e., 1mL/1000mL buffer). Effect of buffer
molarity and organic modifier on retention time of ofloxacin and ketorolac are given in
(Fig. 4.24).
Methanol: 0.02M phosphate buffer (55:45, respectively) with TEA, pH 3.0 mobile phase
was finally selected which provided reduced peak tailing and acceptable peak purity
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index of ofloxacin and ketorolac using BDS Hypersil C8 column as stationary phase.
Under these conditions symmetrical and sharp peaks of ofloxacin and ketorolac were
obtained (Fig. 4.18).
4.3.2 Analytical Method Validation
4.3.2.1 Linearity
Linear calibration plots for the proposed method were obtained in the concentration range
of 12–84 µg mL-1 for ofloxacin (12, 24, 36, 48, 60, 72 and 84 µg mL-1) and 20 to 140 µg
mL-1 for ketorolac tromethamine (20, 40, 60, 80, 100, 120 and 140 µg mL-1). The linear
regression equation for ofloxacin was found to be Y= 50653X + 28571 with the
correlation coefficient equal to 0.9998 whereas for ketorolac, it was Y = 36728X + 24000
with the correlation coefficient equal to 0.9999. The residual plots of both the analytes
are given in (Fig. 4.25) and results of regression statistics are given in [Table 4.26]. The
residual plots of analytes clearly indicated that positive and negative values as bar graph
are evenly distributed around a horizontal line. It was thus concluded that the straight line
function was appropriate for both the drugs.
4.3.2.2 Limits of Detection (LOD) and of Quantitation (LOQ)
The limit of detection (LOD) and quantitation (LOQ) were determined by making serials
of dilutions. LOD was found to be 0.12 µg mL-1 (0.25 %) and 0.23 µg mL-1 (0.29 %) for
ofloxacin and ketorolac tromethamine respectively (signal to noise ratio of 3: 1). LOQ
was found to be 0.40 µg mL-1 (0.83 %) and 0.77 µg mL-1 (0.96 %) for ofloxacin and
ketorolac tromethamine respectively (signal to noise ratio of 10: 1).
4.3.2.3 Accuracy
Accuracy of the method was performed by the standard addition technique. Three levels
of solutions (50, 100 and 150%) of the nominal analytical concentrations were prepared.
Percentage recoveries along with standard deviation and relative standard deviations for
each analyte (n = 5) are given in [Table 4.19]. Recovery studies showed the method to be
highly accurate and suitable for intended use.
4.3.2.4 Precision
Intra-day precision was determined by injecting five standard solutions of three different
concentrations on the same day (n = 5) and inter-day precision was determined by
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injecting the same solutions for three consecutive days. Relative standard deviation (RSD
%) of the peak area calculated to represent precision. The results of intra-day and interday precision are presented in [Table 4.20].
4.3.2.5 Robustness
Robustness of the method was performed by slightly varying the chromatographic
conditions. The results (Assay, tailing factor, theoretical plates and resolution) showed
that slight variations in chromatographic conditions had negligible effect on the
chromatographic parameters. It was thus concluded that the method is robust for the
intended use. The results of robustness are illustrated in [Table 4.21 and 4.22].
4.3.2.6 Specificity
Specificity of the developed method was evaluated by applying different stress
conditions (acid, base, oxidation, thermal and photolytic) to ofloxacin and ketorolac
tromethamine in combination form. Stress degraded chromatograms of ofloxacin and
ketorolac under different stress conditions are provided in (Fig. 4.19-4.23). The results of
different stress conditions are provided in [Table 4.23] and graphically represented in
(Fig. 4.26). From the results of the stress studies it is evident that under mild conditions
both drugs were not degraded and remain intact except under photolytic conditions where
ofloxacin was degraded up to 8.53% whereas ketorolac was degraded up to 39.15%. All
the stress conditions (except basic and thermal) applied at 160oC (hot plate) were enough
to degrade both the drugs within 1 h. Comparison of the two drugs showed that ofloxacin
was more stable as compared to ketorolac. Greatest degradation of ketorolac
tromethamine (46.33%) and ofloxacin (22.47%) occurred under acidic conditions at
160oC (hot plate). In addition to the percentage degradation of each drug, a number of
degradation products (impurities) were produced under acidic, oxidative and photolytic
stress conditions. The stress induced degradation products (impurities) were unique to
acidic (7.93, 9.47 min), oxidative (3.82, 6.16, and 10.82 min) and photolytic (5.10, 6.09,
7.17, and 8.45) stress conditions [Table 4.24].
4.3.3 Applications of the Developed Method
Application of the proposed method was checked by analyzing the ofloxacin and
ketorolac in commercially available pharmaceutical products. The accurate assay results
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provided in [Table 4.25] and low RSD (%) values for both analytes indicated the
suitability of the developed method.
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Fig. 4.18 Chromatogram of Ketorolac and Ofloxacin in Pharmaceutical Formulations

Fig. 4.19 Chromatogram of Ketorolac and Ofloxacin (acidic stress)
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Fig. 4.20 Chromatogram of Ketorolac and Ofloxacin (basic stress)

Fig. 4.21 Chromatogram of Ketorolac and Ofloxacin (oxidative stress)
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Fig. 4.22 Chromatogram of Ketorolac and Ofloxacin (photolytic stress)

Fig. 4.23 Chromatogram of Ketorolac and Ofloxacin (thermal stress)

91

Effect of Buffer Molarity on Retention
Time of Ofloxacin and Ketorolac
Ofloxa

15

Effect of Organic Modifier on Retention
25 Time of Ofloxacin and Ketorolac
Retention Time (minutes)

Retention Time (minutes)

CHAPTER 4. RESULTS AND DISCUSSIONS

Keto

Ofloxa

20

Keto

15

10

10

5
0
0.01

0.02

0.03

0.04

0.05

Buffer Molarity (M)

5
0
35

45

55

65

75

Organic Content (%)

(A)

(B)

Fig. 4.24 Effect of Buffer Molarity (A) and Organic Modifier Content (B) on the Retention Times of
Ofloxacin and Ketorolac Tromethamine
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Fig. 4.26 Stability Results of Ofloxacin and Ketorolac Tromethamine at 160 0C (A) and 40 0C/75% RH (B)
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Table 4.18 Optimization of Stationary Phase, Mobile Phase and pH
pH 3.0
Stationary Phase

Eluent

pH 5.0

Peak Shape
Oflox Keto

Tailing
Oflox Keto

pH 7.0

Peak Shape
Oflox Keto

Tailing

pH 9.0

Peak Shape

Oflox Keto

Oflox Keto

Tailing
Oflox Keto

Peak Shape
Oflox Keto

Tailing
Oflo x

Keto

Hypersil BDS C8
X

--

NP

2.77

NP

--

NP

--

NP

--

--

0.95

1.30

--

--

2.16

3.67

Y

--

--

2.74

2.37

--

--

3.17

1.76

--

--

--

--

--

--

1.83

1.99

Z

++

++

1.21

1.18

--

--

--

--

--

--

--

--

++

++

1.59

1.63

X

--

--

--

--

++

--

1.43

2.34

++

--

1.51

1.94

++

--

1.40

1.93

Y

--

--

1.59

1.58

++

--

1.42

1.58

++

--

1.52

1.68

++

--

1.41

1.71

Z

--

--

PR

PR

--

--

--

--

++

--

1.35

1.64

++

++

1.24

1.43

--

--

--

Hypersil BDS Cyano

Hypersil BDS Phenyl-2
X

++

--

1.50

--

--

--

--

1.19

--

++

--

1.26

--

Y

++

--

1.25

3.88

--

--

--

--

--

--

--

--

--

--

3.65

4.44

Z

++

--

1.16

2.79

++

--

1.10

--

++

--

1.21

--

--

--

1.08

3.70

X

--

--

--

--

--

NP

1.88

NP

--

NP

1.51

NP

--

NP

--

NP

Y

--

NP

3.42

NP

--

NP

--

NP

--

NP

--

NP

--

NP

--

NP

Z

--

--

2.69

0.92

--

--

PR

PR

--

NP

--

NP

--

NP

--

NP

Hypersil ODS C18

++ is peak acceptable, -- is peak not acceptable, X is CH3OH : water (55:45), Y is CH3OH : 20mM phosphate buffer (55:45), Z is CH3OH: 20mM Phosphate Buffer with TEA (55:45), NP is no peak within 15 minutes,
PR is poor resolution
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Table 4.19 Accuracy of the Proposed HPLC Method

Drugs

Spiked Conc.
(µg mL-1)

Ofloxacin

Measured Conc.

Recovery (%)

(µg mL-1) ± SD; RSD (%)

24

23.7 ± 0.2; 0.9

98.6

48

48.6 ± 0.4; 0.8

101.2

72

72.2 ± 0.9; 1.2

100.3

Ketorolac

40

40.5 ± 0.4; 1.1

101.2

Tromethamine

80

81.2 ± 1.0; 1.3

101.5

120

121.7 ± 1.0; 0.9

101.4

Table 4.20 Intra-Day and Inter-Day Precision of the Proposed HPLC Method

Drugs

Actual Concentration
(g mL-1)

Ofloxacin

Intra-day

Inter-day

Measured Conc.± SD; RSD (%) Measured Conc.± SD; RSD (%)

24

24.4 ± 0.3; 1.2

24.0 ± 0.32; 1.3

48

47.7 ± 0.5; 1.0

48.4 ± 0.6; 1.1

72

71.8 ± 0.1; 0.2

71.1 ± 1.1; 1.5

Ketorolac

40

40.1 ± 0.5;1.3

40.4 ± 0.5; 1.1

Tromethamine

80

79.4 ± 0.9; 1.1

80.2 ± 0.2; 0.3

120

121.1 ±1.4; 1.2

120.0 ± 1.3; 1.1
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Table 4.21 Robustness Study of Ofloxacin

Chromatographic Conditions

Assay %

tR (min)

Theoretical Plates

Tailing

MeOH :buffer (53:47)

100.4

4.472

5518

1.15

MeOH:buffer (55:45)

99.6

4.273

5591

1.12

MeOH:buffer (57:43)

101.2

4.121

5522

1.17

Flow speed (0.7 mL min-1)

100.4

5.092

5512

1.20

Flow speed (0.9 mL min-1)

100.4

3.710

5588

1.20

Buffer (pH 2.8)

100.6

4.176

5511

1.20

Buffer (pH 3.2)

99.4

4.340

5537

1.18

Table 4.22 Robustness Study of Ketorolac

Chromatographic Conditions

Assay %

MeOH:buffer (53:47)

101.1

12.931

6850

1.11

MeOH:buffer (55:45)

101.1

12.491

6865

1.12

MeOH:buffer (57:43)

100.2

12.143

6890

1.20

99.9

14.321

6821

1.11

Flow speed (0.9 mL min )

99.5

11.068

6870

1.19

Buffer (pH 2.8)

100.7

12.322

6861

1.17

Buffer (pH 3.2)

99.1

12.567

6869

1.11

Flow speed (0.7 mL min-1)
-1

tR (min)
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Table 4.23 Stress Testing Results of Ofloxacin and Ketorolac Tromethamine

Nature of

Temp. Time Amount of Ofloxacin

Stress

(0C)

(h)

1M HCl

25

20

100.3 ± 1.4

101.0 ± 0.6

None

40

1

100.8 ± 1.1

99.2 ± 1.2

None

25

20

99.2 ± 1.9

101.6 ± 0.2

None

40

1

100.6 ± 1.3

101.0 ± 1.0

None

77.5 ± 1.2 (PPI=1.0000)

53.7 ± 1.2 (PPI=1.0000) Substantial

5M HCl

Remaining±RSD (%)

160 (HP) 1
1M NaOH

5M NaOH

Photolytic
Thermal

Remaining±RSD (%)

Extent of
Decomposition

25

20

100.1 ± 1.6

99.4 ± 1.6

None

40

1

101.2 ± 1.0

99.4 ± 1.9

None

25

20

100.7 ± 1.2

101.3 ± 0.5

None

40

1

100.0 ± 1.4

100.1 ± 1.0

None

98.1 ± 0.2 (PPI=1.0000)

97.2 ± 0.7 (PPI=1.0000)

None

100.2 ± 1.1

100.7 ± 1.5

160 (HP) 1
6% H2O2

Amount of Ketorolac

25

20

40

1

None

101.0 ± 1.0

100.8 ± 1.8

None

160 (HP) 0.5

94.4 ± 1.0 (PPI=1.0000)

92.7 ± 1.5 (PPI=1.0000)

Slight

Sunlight 1

91.5 ± 1.4 (PPI=1.0000)

60.8 ± 1.8 (PPI=1.0000)

Substantial

25

20

101.6 ± 0.4

100.3 ± 1.3

None

40

1

100.0 ± 1.1

102.0 ± 1.0

None

160 (HP) 5

101.0 ± 1.0 (PPI=1.0000)

HP= Hot plate, PPI= Peak Purity Index,
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Table 4.24 Chromatographic Data of Degradation Products

Nature of

Retention Times

Number of Theoretical

Tailing Factors

Stress

Minutes

Acidic

7.932, 9.476

1981, 6188

1.29, 1.13

Basic

----------------

----------------

--------------

Oxidative

3.819,6.162,10.822

4250,5142,6517

Thermal

Plates

-----------------

Photolytic

1.37,1.04,1.10

-----------------

5.103,6.093,7.167,8.449

--------------

5175,8553,6982,6499

1.57,1.21,1.35,1.10

Table 4.25 Assay Results of Ofloxacin and Ketorolac Tromethamine in
Commercial Eye Drops

Products

Ketlur plus

Ingredient

Label Value

Found

Assay Results

(mg mL-1)

(mg)

3

3.0

100.0±0.4

5

5.1

102.0±0.9

Ofloxacin
Ketorolac Tromethamine

98

±RSD (%)
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Table 4.26: Regression Statistics of Ofloxacin and Ketorolac Tromethamine

Drugs

Regression Equation

Conc. Range

Ofloxacin

Y= 50653X + 28571

(µg mL-1)
12-84

Ketorolac

Y= 36728X + 24000

20-140

Tromethamine

99

LOD
(µg mL-1)
0.142
0.319

LOQ

R2

(µg mL-1)
0.412

0.9999

0.797

0.9999
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4.4 Ketorolac Tromethamine and Dexamethasone Binary Combination
4.4.1 Method Development and Optimization
In this study, we developed a simple, sensitive and accurate reverse phase high
performance liquid chromatography method for the separation of ketorolac
tromethamine and dexamethasone and their stress induced degradation products on
a BDS Hypersil C8 column. In order to obtain symmetrical peaks with better
resolution, the chromatographic conditions i.e. pH of the buffer, concentration of
organic modifier and flow rate were optimized. A working solution containing 400
µg mL-1 of ketorolac tromethamine and 40 µg mL-1 of dexamethasone was prepared
by diluting the stock solution of the two analytes. Methanol and acetonitrile as
organic modifier in the mobile phase were studied in order to obtain better
selectivity and resolution, using phosphate as a buffer (pH 2.8; 18 mM) in the
mobile phase. Broader peaks were obtained when acetonitrile was used, whereas in
methanol it did not, so methanol was chosen as organic modifier in the composition
of the mobile phase. Increase in temperature of the column oven 30-50 0C did not
improve the peak shapes of the analytes. Thus, Hypersil BDS C8 column, methanol:
phosphate buffer (18 mM) (62:38, v/v) (pH 2.8) as mobile phase at a flow rate of
1.5 µg mL-1 resulted to be the initial conditions for this chromatographic study.
Effect of the pH
The influence of the pH of the mobile phase on the retention properties of ketorolac
tromethamine and dexamethasone was studied. For this purpose, five 18 mM
phosphate buffer solutions (adjusted to pH 2.8, 3.8, 4.8, 5.8, and 6.8, respectively,)
were prepared. Chromatograms of the working (400 µg mL-1 of ketorolac
tromethamine and 40 µg mL-1 of dexamethasone) solution were performed in
accordance with the above mentioned chromatographic conditions. Negligible
variations on the retention times were reported in these experiments with peak
tailing of the analytes at higher pH values. So, a pH 2.8 was selected for further
studies, because at this pH, the phosphate buffer shows a good buffer capacity and
because at lower pH values, the stability of the reverse phase separation columns
could be affected.
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Effect of the organic modifier in the mobile phase composition and flow-rate
on the retention time
In these experiments, the working solution (400 µg mL-1 of ketorolac tromethamine
and 40 µg mL-1 of dexamethasone) was injected into the column and
chromatograms were obtained with mobile phase containing different percentages
of methanol (42 up to 82%). Obviously, as the concentration of methanol increased
the retention time of the analytes decreased, as expected. A 62% methanol was
chosen as suitable, according to the peak resolution and run time as well. Then, the
influence of the flow-rate of the mobile phase was studied. The retention time and
chromatographic resolution between peaks decreased when the flow-rate of mobile
phase increased. A flow-rate of 1.5 mL min-1 was chosen as a compromise between
resolution and analysis time. Finally using the conditions above selected, a
satisfactory chromatographic peak resolution (Fig. 4.27) was obtained in a short
analysis. Effect of buffer molarity and organic modifier on the retention times of
ketorolac and dexamethasone are given in (Fig. 4.33).
4.4.2 Analytical Method Validation
4.4.2.1 Linearity
Linear calibration plots for the proposed method were obtained in concentration
ranges of 100-700 g mL-1 (100, 200, 300, 400, 500, 600 and 700 µg mL-1) for
ketorolac tromethamine and 10-100 g mL-1 dexamethasone (10, 20, 30, 40, 50, 60
and 70 µg mL-1). The linear regression equation for ketorolac tromethamine was
found to be Y= 2E+06 X+13014 with correlation coefficient greater than equal to
0.998 whereas for dexamethasone, it was Y= 33733 X+8100 with correlation
coefficient greater than equal to 0.999. Residual plots of ketorolac and
dexamethasone are given in (Fig. 4.34). In the residual plots of ketorolac and
dexamethasone the positive and negative values as bars are evenly distributed along
a horizontal straight line which confirmed the linearity of the proposed method.
4.4.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantitation (LOQ) were determined by making
serials of dilutions. LOD was found to be 0.564 µg mL-1 (0.14 %) and 0.059 µg mL1

(0.15 %) for ketorolac tromethamine and dexamethasone, respectively (signal to
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noise ratio of 3:1). LOQ was found to be 1.722 µg mL-1 (0.43 %) and 0.190 µg mL1

(0.48 %) for ketorolac tromethamine and dexamethasone, respectively (signal to

noise ratio of 10:1).
4.4.2.3 Accuracy
Accuracy of the method was performed by the standard addition technique. Three
levels of solutions (50, 100 and 150%) of the nominal analytical concentrations
were prepared. Percentage recoveries along with standard deviation and relative
standard deviations for each analyte (n=5) are given in [Table 4.27]. Recovery
studies showed the method to be highly accurate and suitable for intended use.
4.4.2.4 Precision
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on the same day (n=5) and inter-day precision was
determined by injecting the same solutions for three consecutive days. Relative
standard deviation (RSD %) of the peak area calculated to represent precision. The
results of intra-day and inter-day precision are presented in [Table 4.28].
4.4.2.5 Robustness
Robustness of the method was performed by slightly varying the chromatographic
conditions. The results showed that slight variations in chromatographic conditions
had negligible effect on the chromatographic parameters [Table 4.29 and 4.30].
4.4.2.6 Specificity
Specificity of the developed method was evaluated by applying different stress
conditions (acid, base, oxidation, thermal and photolytic) to ketorolac tromethamine
and dexamethasone in combination form. The chromatograms under different stress
conditions are provided in (Fig. 4.28-4.32). The results of stress studies are given in
[Table 4.31]. All the stress conditions (except heat) applied were enough to degrade
both the drugs. Comparison of the two drugs showed that ketorolac is more stable
as compared to dexamethasone in the basic and oxidative stress conditions and
dexamethasone is more stable as compared to ketorolac in acidic and photolytic
stress conditions. Under acidic conditions dexamethasone was degraded up to 33.7
% and ketorolac was degraded up to 45.3 %. Under basic stress dexamethasone was
degraded up to 89.2 % and ketorolac was found to be stable. Under oxidative stress
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dexamethasone was degraded up to 12.3 % and ketorolac was degraded up to 7.9
%. Under thermal stress ketorolac and dexamethasone were very stable and showed
no degradation. Under photolytic stress conditions ketorolac was degraded up to
17.7 % and dexamethasone was found to be stable under photolytic stress. From
these stress studies it is thus concluded that dexamethasone and ketorolac
tromethamine drugs are not stable in basic, acidic, oxidative and photolytic stress
conditions and both are very stable under thermal stress conditions. Graphical
representation of stress testing results of ketorolac and dexamethasone are given in
(Fig. 4.35).
In addition to the percentage degradation of the ketorolac and dexamethasone, a
number of degradation products (impurities) were produced under acidic (9
impurity/degradation peaks with IMP 6 as major degradation peak), basic (4
impurity/degradation peaks with IMP 4 as major degradation peak), oxidative
stresses (5 impurity/degradation peaks with IMP 1 as major degradation peak) and
photolytic stress (7 impurity/degradation peaks with IMP 7 as major degradation
peak) conditions. The developed method effectively separated the degradation
products or impurities (9 impurity peaks under acidic stress, 4 impurity peaks under
basic stress, 5 impurity peaks under oxidative stress, 7 impurity peaks under
photolytic stress,) from analytes peaks which confirmed the stability indicating
power of the developed method. Chromatographic data of the degradation products
under different stress conditions is provided in [Table 4.32].
4.4.3 Applications of the Developed Method
Application of the proposed method was checked by analyzing the ketorolac
tromethamine and dexamethasone in commercially available pharmaceutical
products. The accurate assay results provided in [Table 4.33] and low RSD (%)
values indicated the suitability of the developed method.
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Fig. 4.27 Chromatogram of Ketorolac and Dexamethasone in Pharmaceutical Formulations

Fig. 4.28 Chromatogram of Ketorolac and Dexamethasone (acidic stress)
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Fig. 4.29 Chromatogram of Ketorolac and Dexamethasone (basic stress)

Fig. 4.30 Chromatogram of Ketorolac and Dexamethasone (oxidative stress)
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Fig. 4.31 Chromatogram of Ketorolac and Dexamethasone (thermal stress)

Fig. 4.32 Chromatogram of Ketorolac and Dexamethasone (photolytic stress)
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Fig. 4.33 Effect of Organic Modifier Content (A) and Buffer Molarity (B) on the Retention Times of
Ketorolac and Dexamethasone
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Fig. 4.34 Residual Plots of Dexamethasone (A) and Ketorolac Tromethamine (B)
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Stability Results of Ketorolac and Dexamethasone
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Fig. 4.35 Stability Results of Ketorolac Tromethamine and Dexamethasone

108

CHAPTER 4. RESULTS AND DISCUSSIONS

Table 4.27 Accuracy of the Proposed HPLC Method

Drugs

Spiked Concentration
(µg mL-1)

Measured Concentration
(µg mL-1) ± SD; RSD (%)

Ketorolac

200.0

202.2 ± 0.5; 0.3

Tromethamine

400.0

398.2 ± 0.4; 0.7

600.0

605.1 ± 0.4; 1.0

20.0

20.0 ± 0.8; 0.4

40.0

40.8 ± 0.5; 0.7

60.0

60.7 ± 0.7; 1.3

Dexamethasone

Table 4.28 Intra-Day and Inter-Day Precision of the Proposed HPLC Method

Drugs

Actual Concentration
(g mL-1)

Intra-day Precision

Inter-day Precision

Measured Conc.; RSD (%) Measured Conc.; RSD (%)

Ketorolac

200.0

203.5 ± 0.2; 1.3

200.8 ± 0.8; 1.3

Tromethamine

400.0

405.7 ± 0.2; 0.1

398.0 ± 0.5; 0.6

600.0

598.7 ± 0.3; 1.5

602.8 ± 1.3; 1.5

20.0

20.2 ± 0.4; 0.3

20.3 ± 0.7; 0.8

40.0

40.5 ± 0.4; 0.8

40.3 ± 0.3; 0.8

60.0

60.8 ± 0.5; 1.1

60.2 ± 0.5; 1.5

Dexamethasone
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Table 4.29 Robustness Study of Ketorolac

Chromatographic Conditions

Assay %

tR (min) Theoretical Plates

Tailing

Methanol:buffer (64:36)

101.1

5.421

6888

1.14

Methanol:buffer (62:38)

99.6

6.067

6754

1.14

Methanol:buffer (60:40)

101.5

6.385

6821

1.15

Flow rate (1.3 mL min-1)

101.8

6.825

6798

1.12

Flow rate (1.5 mL min-1)

99.4

6.068

6874

1.14

Flow rate (1.7 mL min-1)

98.2

5.199

6866

1.14

Buffer (pH 2.6)

101.0

6.011

6711

1.12

Buffer (pH 2.8)

99.4

6.068

6741

1.14

Buffer (pH 3.0)

98.5

6.098

6725

1.14

Table 4.30 Robustness Study of Dexamethasone

Chromatographic Conditions

Assay %

tR (min) Theoretical Plates

Tailing

Methanol:buffer (64:36)

98.2

6.314

6344

1.15

Methanol:buffer (62:38)

99.4

7.065

6414

1.15

Methanol:buffer (60:40)

99.0

7.821

6418

1.14

Flow rate (1.3 mL min-1)

99.8

7.911

6587

1.14

Flow rate (1.5 mL min-1)

101.5

7.065

6441

1.15

Flow rate (1.7 mL min )

100.5

6.169

6358

1.15

Buffer (pH 2.6)

98.4

7.097

6412

1.15

Buffer (pH 2.8)

99.1

7.066

6358

1.15

Buffer (pH 3.0)

98.9

7.098

6399

1.15

-1
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Table 4.31 Stress Testing Results of Ketorolac Tromethamine and Dexamethasone

Nature
of Stress
5M HCl

Storage
Conditions

Time Amount of Ketorolac
(h)

(400C/75%RH) 16

Remaining±RSD (%)

Amount of Dexamethasone Extent of
Remaining±RSD (%)

Decomposition

54.7 ± 2.8 (PPI=1.0000)

66.3 ± 2.1 (PPI=1.0000)

Substantial

5M NaOH (220C/58%RH) 0.67

98.7 ± 1.8 (PPI=1.0000)

10.8 ± 1.1 (PPI=1.0000)

Substantial

0

99.5 ± 1.5 (PPI=1.0000)

36.9 ± 3.2 (PPI=1.0000)

Substantial

0

87.7 ± 1.1(PPI=1.0000)

Substantial

(22 C/58%RH) 0.25
6% H2O2

(40 C/75%RH) 16

92.1 ± 1.4 (PPI=1.0000)

Thermal

(400C/75%RH) 144

100.2 ± 1.3 (PPI=1.0000) 99.87 ± 1.5 (PPI=1.0000)

None

(400C/75%RH) 288

97.6 ± 1.8 (PPI=1.0000) 96.8 ± 1.1 (PPI=1.0000)

None

Photolytic

Sunlight

1

82.3 ± 1.2 (PPI=1.0000)

PPI= peak purity index
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Table 4.32 Chromatographic Data of Degradation Products

Nature of
Stress
Acidic

Retention Times

Number of Theoretical

minutes

Plates

3.108; 3.545; 4.128; 4.754, 5.130 4024; 180; 424; 121; 2069
9.348, 11.623, 13.138, 16.642

Basic

Tailing Factors

3.042; 3.455; 8.399; 9.190

6180; 66; 125; 819
4042; 4253; 318; 7189

1.39; 1.29; 1.20; 1.00; 0.94
1.08; 1.02; 1.04; 1.07
1.40; 1.22; 0.78; 1.11

Oxidative 3.040; 3.449; 4.033; 4.656; 8.287 5528; 4950; 1575; 6529; 2570 1.31; 1.49; 1.19; 1.25; 1.02
Photolytic 3.098; 3.543; 4.705; 5.049; 5.466 1159; 4348; 1034; 2858; 367 0.94; 1.03; 1.15; 0.98; 0.99
8.584; 11.561
Thermal

1310; 6177

---------------

1.05; 1.07

------------------

----------------

Table 4.33 Assay Results of Ketorolac Tromethamine and Dexamethasone in
Commercial Eye Drops

Products

Ingredients

Label Value
(mg mL-1)

KDM

Ketorolac Tromethamine
Dexamethasone
Ketorolac Tromethamine

100.3 ± 0.3

0.5

99.0 ± 0.7

0.5

112

±RSD (%)

5

5

Dexamethasone

Assay Results

100.7 ± 0.1
98.9 ±0.7
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4.5 Piroxicam and Paracetamol Binary Combination
4.5.1 Method Development and Optimization
Non steroidal anti inflammatory drugs (NSAIDs) have different chemical structures,
(compared to steroids that commonly contains four-ring structure), which complicates
their analysis. In reverse phase liquid chromatographic analysis of pharmaceutical
drugs, selecting a stationary phase depends on the inherent difference in the target
analytes chemical structures. Among piroxicam (a complex heterocyclic molecule
with pyridine, dioxo, thia-9-azabicyclo, triene and ketonic functional groups) and
paracetamol (hydroxyphenyl acetamide), no one functional group is shared. Both
drugs have high carbon to heteroatom ratio and therefore can be separated through
reversed phase HPLC on C8 or C18 stationary phase. Conventional C8 or C18
stationary phases separated compounds based mainly on their overall hydrophobicity.
Considering the carbon to heteroatom ratio, this is an effective separation mechanism
for the analysis of drugs. Due to the presence of π electrons, piroxicam and
paracetamol also considered to be separated using phenyl stationary phases involving
π- π interactions between the phenyl groups in the stationary phase and any
unsaturated bonds in piroxicam and paracetamol structures.
In this work we proposed a simple, fast, sensitive and accurate HPLC method for
simultaneous determination of piroxicam and paracetamol. Both drugs are nitrogen
containing and peak tailing problems can occur due to interactions of these nitrogen
atoms with the silanol groups of the stationary phase. For optimization of the
chromatographic conditions and to obtain symmetrical peaks with better resolution
with no peak impurity, various chromatographic conditions such as composition of
mobile phase, mobile phases with different pH, stationary phases with different
packing materials (Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS Phenyl-2,
and Hypersil BDS Cyano) and configurations (10, 15, 25 cm columns) were used.
Optimization of mobile phase, stationary phase and pH
Method development was started with different ratios (20:80, 30:70, 40:60 and 50:50)
of water and methanol at different pH. With methanol containing mobile phase, peak
broadening problem of paracetamol (Fig. 4.36) was occurred on all four different
stationary phases (Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS Phenyl-2, and
Hypersil BDS Cyano). Then it was decided to use acetonitrile as organic modifier
instead of methanol. Further chromatographic experiments were performed on four
different stationary phases (Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS
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Phenyl-2, and Hypersil BDS Cyano) using acetonitrile: phosphate buffer (0.02M, pH
3.0) in the ratio of (60: 40, v/v) mobile phase. Peak broadening problem of
paracetamol was solved when acetonitrile was used in the mobile phase. Highly
symmetrical and sharp peaks of paracetamol and piroxicam were obtained with
acetonitrile: 0.02M phosphate buffer (60: 40, v/v) on Hypersil BDS C8 columns with
better resolution, capacity factor (Fig. 4.41), peak shapes and theoretical plates as
compared to other columns (Fig. 4.37) and [Table 4.34]. On other three stationary
phases (ODS C18, BDS phenyl-2 and BDS Cyano) peak tailing problems of
piroxicam and paracetamol were obtained. The variations in the composition of
mobile phase and different stationary phases had considerable influence on peak
shape, tailing factor, retention factor, theoretical plates and resolution.
In order to optimize the appropriate pH of the phosphate buffer solution,
chromatographic experiments were performed at four different pH (2.5, 3.0, 4.0 and
6.0) values of the buffer solution. Mobile phase was prepared in the ratio of
acetonitrile: phosphate buffer (60: 40, v/v). Hypersil BDS C8 column was used as
stationary phase to optimize the appropriate pH. The effect of change in pH of the phosphate buffer on the different stationary phases is given in the (Fig. 4.38). Highly
symmetrical and sharp peaks of piroxicam and paracetamol were obtained at pH 2.5,
3.0 and 4.0 by using acetonitrile: 0.02M phosphate buffer [Table 4.35] with better
resolution, capacity factor, and theoretical plates at pH 3.0 as compared to pH 2.5 and
pH 4.0 (Fig. 4.42). Finally, acetonitrile: phosphate buffer 0.02M, pH 3.0 (60:40, v/v)
was selected which provided symmetrical peaks with acceptable peak purity index of
piroxicam and paracetamol using Hypersil C8 column. Separation of degradation
peaks from analytes peaks confirmed the stability indicating power of the method.
Under the mentioned chromatographic conditions highly symmetrical and sharp peaks
of paracetamol and piroxicam were obtained at retention times of 3.730, and 5.384
min, respectively (Fig. 4.39).
4.5.2 Analytical Method Validation
4.5.2.1 Linearity
The developed chromatographic method was validated using ICH guidelines.
Calibration curves were prepared using the peak areas in concentration ranges of 1.66.4 µg mL-1 of piroxicam (1.6, 2.4, 3.2, 4.0, 4.8, 5.6 and 6.4 µg mL-1) and 26 to 104
µg mL-1 for paracetamol (26, 39, 52, 65, 78, 91 and 104 µg mL-1). The linear
regression for piroxicam was Y= 30636X + 31251 with value of r equal to 0.9999
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whereas for paracetamol, it was Y= 1227504X + 1282595 with r value equal to
0.9997. The residual plots of paracetamol and piroxicam are given in (Fig. 4.44). The
residual plots of paracetamol and piroxicam clearly indicated a linear detector
response.
4.5.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantitation (LOQ) were determined by making
serials of dilutions. LOD was found to be 0.06 µg mL-1 (1.5 %) and 0.971 µg mL-1
(1.5 %) for piroxicam and paracetamol respectively (signal to noise ratio of 3:1). LOQ
was found to be 0.169 µg mL-1 (4.2 %) and 2.68 µg mL-1 (4.1 %) for piroxicam and
paracetamol respectively (signal to noise ratio of 10: 1).
4.5.2.3 Accuracy
For demonstrating accuracy known quantities of piroxicam and paracetamol were
added to the sample solution with known quantity. The results of this solution were
compared with the true values. Three types of solutions were made ranging from 50150 % of nominal analytical concentration (4.0 g mL-1 of piroxicam and 65 g mL-1
of paracetamol). Percentage recoveries are given in [Table 4.36] which showed it to
be highly accurate.
4.5.2.4 Precision
Intra and Inter day precision was performed to validate the precision of the proposed
method. It was calculated in terms of Relative standard deviation (RSD %) of the
results obtained within the day and between the days. The results of intra-day and
inter-day precision are presented in [Table 4.37].
4.5.2.5 Robustness
Robustness of the method was performed by slightly varying the chromatographic
conditions. The results (tailing factor, theoretical plates and resolution) showed that
slight variations in chromatographic conditions had negligible effect on the
chromatographic parameters. It was thus concluded that the method is robust for the
intended use [Table 4.38 and 4.39].
4.5.2.6 Specificity
Specificity of the developed method was evaluated by applying different stress
conditions (acid, base, oxidation, thermal and photolytic) to piroxicam and
paracetamol in combination form. A typical HPLC chromatogram of acidic, basic and
oxidative stress degradations is given in (Fig. 4.40). From the results of the stress
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studies it is evident that under mild conditions both drugs were not degraded and
remain intact. All the stress conditions (except photolytic and thermal) applied at 40
o

C/ 75 % RH were enough to degrade both the drugs within 15-48 h. Comparison of

the two drugs showed that piroxicam is more stable in acidic conditions as compared
to paracetamol which is more stable in basic and oxidative stress conditions as
compared to piroxicam. Greatest degradation of paracetamol (62.4%) occurred in 5M
HCl after 48 h and greatest degradation of piroxicam (91.79%) occurred under basic
conditions after 24 h at 40 oC/ 75 % RH [Table 4.40]. In addition to the percentage
degradation of each drug, a number of degradation products (impurities) were
produced under acidic, basic, and oxidative stress conditions. Graphical
representation of stress stability studies of piroxicam and paracetamol is provided in
(Fig. 4.43).
4.5.3 Applications of the Developed Method
Application of the proposed method was checked by analyzing the piroxicam and
paracetamol in commercially available pharmaceutical products. The highly
reproducible assay results provided in [Table 4.41] and low RSD (%) values for both
analytes indicated the suitability of the method.
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Fig. 4.36 Chromatograms of Piroxicam and Paracetamol with Methanol Containing Mobile Phase
a is paracetamol, and b is piroxicam

Fig. 4.37 Chromatograms of Piroxicam and Paracetamol with Acetonitrile Containing Mobile Phase
a is paracetamol, and b is piroxicam
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Fig. 4.38 Chromatograms of Piroxicam and Paracetamol (at different pH)

Fig. 4.39 Chromatogram of Piroxicam and Paracetamol in Pharmaceutical Formulations
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Fig. 4.40 Chromatograms of Piroxicam and Paracetamol under Different Stress Condition (acid, base
etc.) at 40 oC/ 75% RH in Versatile Environmental Test Chamber
Where (X) is paracetamol, (Y) piroxicam, (1, 2, and 3) impurity peaks, (A) blank, (B) chromatogram of piroxicam, (C) chromatogram of
paracetamol, (D) acidic stress, (E) alkaline stress, (F) oxidative stress.

(X)

(Y)

Fig. 4.41: Assessment of Retention Factor on Different Stationary Phases with Acetonitrile (X) and
Methanol (Y) Containing Mobile Phase
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Fig. 4.42: Assessment of Retention Factor at four pH Values

Assay Content (%)

Stability Results of piroxicam and paracetamol
at 40 0C and 75 % RH
120
100
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40
20
0

pirox
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Type of Solution

Fig. 4.43 Stability Results of Piroxicam and Paracetamol at 40 oC/75 %RH
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(X)

(Y)

Fig. 4.44: Residual Plots of Paracetamol (X) and Piroxicam (Y)
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Table 4.34 Method Optimization Using Acetonitrile and Methanol as Organic Modifier on Different Stationary
Phases

Stationary Phases

Retention Capacity (k/)
X

Y

Theoretical plates (N)

Tailing Factor (T)

X

Y

X

Y

9682

161

1.42

1.00

10257

6891

1.41

1.38

3242

174

1.17

0.74

1373

193

2.51

0.99

10077

925

1.26

0.99

9750

6050

1.88

1.41

8170

2069

1.99

1.54

116

490

1.33

1.69

Resolution (R)
X

Y

Peak Shape
X

Y

Hypersil BDS C8
Paracetamol
Piroxicam

0.78

0.76

7.64

3.34

+++

----

+++

+++

+++

----

----

+++

+++

----

----

+++

Hypersil ODS C18
Paracetamol
Piroxicam

0.73

1.08

5.03

4.39

Hypersil BDS Phenyl-2
Paracetamol
Piroxicam

0.34

0.65

5.42

4.98

Hypersil BDS Cyano
Paracetamol
Piroxicam

0.71

0.48

+++ is peak acceptable, --- is peak not acceptable, X is acetonitrile: 0.02M phosphate buffer 60:40, pH 3.0, and Y is methanol:0.02M phosphate buffer 60:40, pH 3.0
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Table 4.35 Optimization of pH of Phosphate Buffer

Mobile phase

Retention Capacity (k/) Theoretical Plates (N) Tailing Factor (T)

Resolution (R)

Peak Shape

CH3CN: Phosphate Buffer
pH 2.5 (60:40)
Paracetamol
Piroxicam

0.56

7184

1.48

9737

1.41

+++
8.66

+++

CH3CN: Phosphate Buffer
pH 3.0 (60:40)
Paracetamol
Piroxicam

0.78

9211

1.44

10555

1.34

7283

1.47

6611

1.45

6453

1.45

2311

4.18

+++
5.03

+++

CH3CN: Phosphate Buffer
pH 4.0 (60:40)
Paracetamol
Piroxicam

0.48

+++
6.65

+++

CH3CN: Phosphate Buffer
pH 6.0 (60:40)
Paracetamol
Piroxicam

0.44

.
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Table 4.36 Accuracy of the Proposed HPLC Method

Drugs

Spiked Concentration
(µg mL-1)

Piroxicam

Paracetamol

Measured Concentration

Recovery (%)

(µg mL-1) ± SD; RSD (%)

2.00

2.00 ± 0.02; 1.22

100.00

4.00

4.00 ± 0.08; 0.45

100.00

6.00

6.11 ± 0.71; 1.02

101.83

32.50

32.19 ± 0.21; 1.30

99.05

65.00

66.22 ± 0.59; 1.17

101.88

97.50

99.00 ±0.22; 0.91

101.54

Table 4.37 Intra-Day and Inter-Day Precision of the Proposed HPLC Method

Drugs

Actual Concentration
(g mL-1)

Piroxicam

Paracetamol

Intra-day Precision

Inter-day Precision

Measured Conc.± SD; RSD (%) Measured Conc.± SD; RSD (%)

2.00

2.00 ± 0.01; 1.38

2.00 ± 0.02; 1.41

4.00

4.01 ± 0.05; 1.02

4.01 ± 0.03; 1.22

6.00

5.99 ± 0.09; 1.48

6.11 ± 0.03; 1.01

32.50

32.81 ± 0.29; 0.62

33.14 ± 0.23; 0.88

65.00

65.49 ± 0.91; 1.43

65.08 ± 0.21; 0.59

97.50

96.52 ± 0.41; 1.08

98.08 ± 1.03; 1.13
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Table 4.38 Robustness Study of Piroxicam

Chromatographic Conditions

Assay %

tR (min)

Theoretical Plates

Tailing

CH3CN: Buffer (57:43)

101.20

5.529

10257

1.41

CH3CN: Buffer (60:40)

100.56

5.384

10288

1.42

CH3CN: Buffer (63:37)

101.52

5.142

10351

1.41

Flow rate (0.8 mL min-1)

100.14

6.589

10201

1.41

Flow rate (1.0 mL min-1)

101.55

5.382

10258

1.42

Flow rate (1.2 mL min-1)

99.40

4.481

10261

1.39

Buffer (pH 2.8)

99.59

5.380

10254

1.41

Buffer (pH 3.2)

99.06

5.388

10551

1.42

Table 4.39 Robustness Study of Paracetamol

Chromatographic Conditions

Assay %

tR (min)

CH3CN: Buffer (57:43)

101.18

3.899

9682

1.42

CH3CN: Buffer (60:40)

101.49

3.730

9372

1.40

CH3CN: Buffer (63:37)

100.20

3.582

9682

1.41

Flow rate (0.8 mL min )

99.99

4.428

9684

1.42

Flow rate (1.0 mL min-1)

100.72

3.732

9699

1.41

Flow rate (1.2 mL min-1)

101.49

3.212

9581

1.40

Buffer (pH 2.8)

99.89

3.728

9594

1.39

Buffer (pH 3.2)

99.77

3.712

9666

1.40

-1
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Table 4.40 Stress Testing Results of Piroxicam and Paracetamol

Nature
of Stress
5M HCl

5M NaOH

Storage

Time

Amount of Piroxicam

Amount of Paracetamol

Conditions

(h)

Remaining±RSD (%)

Remaining±RSD (%)

(400C/75%RH) 1

Extent of
Decomposition

99.11 ± 1.14 (PPI=1.0000) 102.28 ± 0.34(PPI=1.0000)

None

(400C/75%RH) 24

100.62 ± 1.13 (PPI=1.0000) 74.55 ± 1.40 (PPI=1.0000) Substantial

(400C/75%RH) 48

99.31 ± 0.75 (PPI=1.0000)

0

37.67 ± 1.44 (PPI=1.0000) Substantial

(40 C/75%RH) 1

100.47 ± 1.62 (PPI=1.0000) 101.83 ± 0.47(PPI=1.0000)

(400C/75%RH) 15

1.58 ± 1.27 (PPI=1.0000)

93.91 ± 0.88 (PPI=1.0000) Substantial

(400C/75%RH) 24

1.21 ± 1.57 (PPI=1.0000)

54.47 ± 1.31 (PPI=1.0000) Substantial

(400C/75%RH) 1

98.52 ± 1.41 (PPI=1.0000)

100.97 ± 1.45(PPI=1.0000)

(400C/75%RH) 24

86.15 ± 1.43 (PPI=1.0000)

100.44 ± 1.40 (PPI=1.0000)Substantial

6% H2O2
Thermal

Photolytic

0

100.12 ± 0.79 (PPI=1.0000) 100.75 ± 1.47 (PPI=1.0000)

None

(400C/75%RH) 24

99.66 ± 0.43 (PPI=1.0000)

100.43 ± 1.34 (PPI=1.0000)

None

(400C/75%RH) 40

100.01 ± 1.31(PPI=1.0000)

102.80 ± 1.50(PPI=1.0000)

None

98.71 ± 1.92 (PPI=1.0000)

102.83 ± 1.42 (PPI=1.0000)

None

Sunlight

1

Tablets

Progesic Plus

None

(40 C/75%RH) 1

Table 4.41 Assay Results of Piroxicam and Paracetamol in Commercial

Products

None

Ingredients

Label Value

Found

Assay Results

(mg per tablet)

(mg)

±RSD (%)

Piroxicam

20.0

20.1

100.5±0.3

Paracetamol

325.0

329.5

101.4±0.7
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4.6 Naproxen Sodium and Esomeprazole Magnesium Binary Combination
4.6.1 Method Development and Optimization
In this work we presented a simple, fast, sensitive and accurate HPLC method for
simultaneous determination of naproxen and esomeprazole in pharmaceutical
formulations. During this study, main purpose was to use simple mobile phase that
elute components with shorter retention time, acceptable tailing and good
resolution between naproxen, esomeprazole and the degradation products. Different
mobile phases were tried to achieve the desired goal. After a long way
investigation, the optimum conditions were found to be phosphate buffer (pH 6.1)
and acetonitrile in ratio of (40:60, v/v). Upon applying these chromatographic
conditions, well-resolved peaks were achieved at retention times of 1.75 and 2.29
minutes for naproxen and esomeprazole, respectively. The chromatograms
representing naproxen and esomeprazole peaks are given in (Fig. 4.45).
4.6.2 Analytical Method Validation
4.6.2.1 Linearity
The calibration curves were prepared to evaluate linearity. For this purpose seven
different concentrations in the range of 9.38 to 300 µg mL-1 for naproxen (9.38,
37.5, 75, 112.5, 150, 225 and 300 µg mL-1) and 0.5 to 16 µg mL-1 for esomeprazole
(0.5, 2, 4, 6, 8, 12 and 16 µg mL-1) were used. The linear regression equation for
naproxen was Y= 22495.12X + 677.65 with value of “r” equal to 0.998 whereas for
esomeprazole, it was Y= 5321.52 X + 260.97 with value of “r” equal to 0.999.
4.6.2.2 Limits of Detection and of Quantitation
To calculate the limit of detection (LOD) and limit of quantitation (LOQ), a
number of solutions with decreasing concentrations were prepared and then
analysed by the proposed method. The LOD was found to be 0.12 µg mL-1 (0.11
%) and 0.09 µg mL-1 (1.5 %) for naproxen and esomeprazole, respectively with
S/N ratio of 3:1. LOQ was found to be 0.40 µg mL-1 (0.36 %) and 0.31 µg mL-1
(5.2 %) for naproxen and esomeprazole, respectively with S/N ratio of 10:1.
4.6.2.3 Accuracy
For carrying out accuracy, known quantities of the naproxen and esomeprazole
standard solutions were added to the sample solutions that were previously
127

CHAPTER 4. RESULTS AND DISCUSSIONS

quantified. Both the results were then compared. Three levels of solutions in the
range of 50 - 150 % of the nominal analytical concentrations were prepared and
analyzed for this purpose. Percentage recoveries given in [Table 4.42] suggest the
method to be highly accurate.
4.6.2.4 Precision
Intra and Inter day precision was performed to validate the precision of the
proposed method. It was calculated in terms of Relative standard deviation (RSD
%) of the results obtained within the day and between the days. The results of intraday and inter-day precision are presented in [Table 4.43].
4.6.2.5 Robustness
For performing robustness, small changes in the composition of the mobile phase,
flow rate and pH of the buffer solution were made. Percentage recovery along with
chromatographic parameters such as tailing factor, retention time and number of
theoretical plates were calculated at those modified conditions [Table 4.44 and
4.45]. The results showed that slight variations in chromatographic conditions had
negligible effects on the chromatographic parameters. It was thus concluded that
the method is robust for the intended use.
4.6.2.6 Specificity
For specificity demonstration, acidic, basic, oxidative and thermal stresses were
applied as recommended by ICH. Under oxidative stress, esomeprazole was
degraded up to 65 % whereas no degradation occurred for naproxen and the drug
remains almost intact during this treatment. In case of thermal stress esomeprazole
was degraded up to 6 % and no degradation for naproxen. In acidic environment
esomeprazole was degraded up to 90 % and again no degradation for naproxen.
Under basic conditions both the drugs remain intact and no degradation occurred
for both the drugs. From the stress studies it is evident that naproxen is more stable
under applied stress conditions whereas esomeprazole is more vulnerable to
degradation and degraded easily especially under acidic and oxidative stress. The
chromatograms under different stress conditions are presented in (Fig. 4.46-4.49).
The results of stress studies are given in [Table 4.46] and graphically presented in
(Fig. 4.50).
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4.6.3 Applications of the Developed Method
The developed HPLC method was applied for the analysis of naproxen and
esomeprazole in fixed dose combination tablet formulations. High accurate assay
results of naproxen (100.4-101.0 %) and esomeprazole (100.2-101.8 %) and low
relative standard deviation illustrated that the developed method is highly precise
and accurate for intended use. The accurate % age assay results of naproxen and
esomeprazole are given in [Table 4.47].
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Fig. 4.45 Chromatogram of Naproxen and Esomeprazole in Pharmaceutical Formulations

Fig. 4.46 Chromatogram of Naproxen and Esomeprazole (oxidative stress)
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Fig. 4.47 Chromatogram of Naproxen and Esomeprazole (Thermal stress)

Fig. 4.48 Chromatogram of Naproxen and Esomeprazole (Acidic stress)
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Fig. 4.49 Chromatogram of Naproxen and Esomeprazole (alkaline stress)

Assay Content (%)

Stability Results of Naproxen and
Esomeprazole at 25 0C and 60 % RH
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Fig. 4.50 Stability Results of Naproxen and Esomeprazole at 25 0C and 60 % RH under Different
Stress Conditions
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Table 4.42 Accuracy of the Proposed HPLC Method

Drugs

n

Concentration Amount Recovered % Recovery % RSD

(%)

(µg mL-1)

(µg mL-1)

50

4.0

3.92

98.00

1.32

5

100

8.0

7.88

98.50

0.99

5

150

12.0

12.05

100.42

0.71

5

50

75.0

74.36

99.15

1.16

5

100

150.0

148.15

98.77

1.02

5

150

225.0

222.16

98.74

0.69

Esomeprazole 5

Naproxen

Level

Table 4.43 Intra-day and Inter day Precision of the Proposed HPLC Method

Drugs

Conc.

n

(g mL-1)
Esomeprazole

Naproxen

Intra-day Precision
Mean

RSD(%)

Inter-day Precision
Mean

RSD(%)

4.0

5

4.03

1.22

4.07

1.82

8.0

5

8.08

1.05

7.98

1.49

12.0

5

11.84

1.15

11.81

1.56

75.0

5

74.87

0.85

74.66

1.38

150.0

5

147.85

1.01

147.48

1.55

225.0

5

223.21

0.75

222.87

1.22
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Table 4.44 Robustness Study of Esomeprazole

Chromatographic Conditions

Assay %

tR (min)

Theoretical Plates

Tailing

Acetonitrile:Buffer (60:40)

98.08

2.291

4782

1.11

Acetonitrile:Buffer (57:43)

98.75

2.414

4818

1.06

Acetonitrile:Buffer (63:37)

99.25

2.183

4675

1.18

Flow rate (1.4 mL min-1)

99.75

2.451

4798

1.05

Flow rate (1.6 mL min-1)

100.29

2.150

4675

1.17

Buffer (pH 6.3)

98.79

2.260

4708

1.08

Buffer (pH 5.9)

98.05

2.252

4728

1.09

Table 4.45 Robustness Study of Naproxen

Chromatographic Conditions Assay %

tR (min)

Theoretical Plates

Tailing

Acetonitrile:Buffer (60:40)

98.08

1.754

3783

1.05

Acetonitrile:Buffer (57:43)

98.75

1.835

3854

1.02

Acetonitrile:Buffer (63:37)

99.25

1.697

3702

1.12

Flow rate (1.4 mL min-1)

99.75

1.886

3817

1.00

Flow rate (1.6 mL min-1)

100.29

1.656

3714

1.10

Buffer (pH 6.3)

98.79

1.736

3687

1.07

Buffer (pH 5.9)

98.05

1.747

3708

1.07
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Table 4.46 Stress Testing Results of Naproxen and Esomeprazole
Nature

Storage

Time Amount of Naproxen

of Stress Conditions

(h)

1M NaOH (250C/60%RH)

1

(250C/60%RH) 1

6% H2O2
Thermal

Reflux

Extent of

Remaining±RSD (%)

Decomposition

Remaining±RSD (%)

(250C/60%RH) 1

1M HCl

Amount of Esomerazole

1

99.2 ± 1.4(PPI=1.0000) 10.3 ± 2.4 (PPI=1.0000)

None

100.7 ± 1.6 (PPI=1.0000 101.8 ± 1.47(PPI=1.0000)

None

98.9 ± 1.6 (PPI=1.0000)

35.4 ± 1. 5 (PPI=1.0000)

None

101.2 ± 0.8 (PPI=1.0000

94.5 ± 1.4 (PPI=1.0000)

None

PPI= Peak Purity Index

Table 4.47 Assay Results of Naproxen and Esomeprazole in Commercial
Products

Products

Product

Ingredient

Label value

Found

Assay Results

(mg per tablet)

(mg)

±RSD (%)

Naproxen

375.0

377.5

100.7±0.3

Esomeprazole

20.0

20.2

101.0±0.8
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4.7 Naproxen Sodium and Sumatriptan Succinate Binary Combination
4.7.1 Method Development and Optimization
In this work, chromatographic conditions were developed and optimized for the
development and validation of an isocratic and simple HPLC method for the
simultaneous determination of naproxen sodium and sumatriptan in pharmaceutical
formulations. The main aim during this method development was to apply the
simple mobile phase, with short retention time, tailing factor less than 1.5 and good
resolution between the naproxen sodium and sumatriptan and also the degradation
products produced through forced degradation study. To achieve this, different
mobile phase composition were tested. The optimum mobile phase composition
after careful investigation was then found to be phosphate buffer (pH 6.1) and
acetonitrile in the ratio of (40:60, v/v). Upon application of the developed
chromatographic conditions, well-resolved sharp peaks for both naproxen sodium
and sumatriptan were achieved at retention times of 1.553 and 2.294 minutes
respectively. The represented chromatograms of naproxen sodium and sumatriptan
are given in (Fig. 4.51).
4.7.2 Analytical Method Validation
4.7.2.1 Linearity
To observe the linearity and to prepare the calibration curve seven different
concentrations for both naproxen sodium and sumatriptan were prepared and
analyzed in the concentration range of 9.38 to 300 µg mL-1 for naproxen sodium
(9.38, 37.5, 75, 112.5, 150, 225 and 300 µg mL-1) and 1.7 to 54.54 µg mL-1 for
sumatriptan (1.7, 6.8, 13.64, 20.45, 27.27, 41 and 54.54 µg mL-1). The peak areas
of the drugs against the concentration were used to prepare a linear regression
equation and to calculate the value of correlation coefficient. The correlation
coefficient for both the drugs was greater than 0.9980 which clearly manifests an
excellent linear curve between the concentration and detectors response. The linear
regression equation for naproxen sodium was Y= 22495.12X + 677.65 with value
of correlation coefficient equal to 0.9981 and linear regression equation for
sumatriptan was Y= 3805.7X + 80 with value of correlation coefficient equal to
0.9991.
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4.7.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantification (LOQ) were determined by making
serials of dilutions. The LOD was found to be 0.12 µg mL-1 (0.11 %) and 0.04 µg
mL-1 (0.20 %) for naproxen sodium and sumatriptan respectively with a signal to
noise ratio of 3:1. The LOQ was found to be 0.40 µg mL-1 (0.36 %) and 0.13 µg
mL-1 (0.64 %) for naproxen sodium and sumatriptan respectively with a signal to
noise ratio of 10:1.
4.7.2.3 Accuracy
To determine the accuracy, known amounts of the naproxen sodium and
sumatriptan were added to pre-quantified sample solution and then experimental
and theoretical results were compared. Three levels of concentrations were made
which corresponds to 50, 100 and 150 % of the nominal analytical concentration.
From these levels the percentage recovery and relative standard deviation were
calculated. The results of accuracy are given in [Table 4.48].
4.7.2.4 Precision
The intra-day precision was evaluated by analyzing three different concentrations
of naproxen sodium and sumatriptan five times in a day. The inter-day precision
was evaluated by analyzing the same solutions kept in dark for consecutive days.
From the results RSD values were calculated which are given in [Table 4.49].
4.7.2.5 Robustness
Robustness of the method was evaluated by deliberate modifications in the
operating conditions of the method and then percentage recovery, retention time,
tailing factor and theoretical plates were calculated at each modified condition
[Table 4.50 and 4.51]. It is evident from the tables that slight modifications in the
chromatographic conditions have no effect on the recovery of the analytes and
chromatographic parameters remains acceptable. The results of system suitability
parameters of naproxen and sumatriptan are given in [Table 4.52].
4.7.2.6 Specificity
To evaluate the specificity of the proposed method different stress conditions were
applied to both naproxen sodium and sumatriptan in combination form. The stress
conditions applied were acid, base, oxidation and thermal stress. Under oxidative
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stress, sumatriptan was degraded up to 70.32 % whereas no degradation occurred
for naproxen sodium and the drug remains almost intact during this treatment. In
case of thermal stress sumatriptan was degraded up to 10 % and no degradation for
naproxen sodium. In acidic environment sumatriptan was degraded up to 15 % and
again no degradation for naproxen sodium. The basic stress had no effect on the
degradation of both the drugs. From the stress studies it is evident that naproxen
sodium is more stable under applied stress conditions whereas sumatriptan is more
vulnerable and degraded easily especially under acidic and oxidative stress.
The chromatograms of naproxen and sumatriptan under different stress conditions
are presented in (Fig. 4.52-4.55). Graphical representation of stress stability results
of naproxen and sumatriptan are presented in (Fig. 4.56). The stress stability results
of naproxen and sumatriptan are provided in [Table 4.53].
4.7.3 Applications of the Developed Method
The developed HPLC method was applied for the analysis of naproxen and
sumatriptan in fixed dose combination tablet formulations. High accurate assay
results and low % RSD values indicated that the method is highly precise and
accurate for intended use. The obtained results of naproxen (100.44-100.48 %) and
sumatriptan (99.72-101.32 %) proved the fittingness of method for routine quality
analysis of naproxen and sumatriptan in tablet formulations. The assay results of
naproxen and sumatriptan are provided in [Table 4.54].
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Fig. 4.51 Chromatograms of Naproxen and Sumatriptan in Pharmaceutical Formulations

Fig. 4.52 Chromatogram of Naproxen and Sumatriptan (Basic stress)
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Fig. 4.53 Chromatogram of Naproxen and Sumatriptan (Acidic stress)

Fig. 4.54 Chromatogram of Naproxen and Sumatriptan (Oxidative stress)
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Fig. 4.55 Chromatogram of Naproxen and Sumatriptan (Thermal stress)
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Fig. 4.56 Stability Results of Naproxen and Sumatriptan at 25 0C and 60 % RH under Different
Stress Conditions
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Table 4.48 Accuracy of the Proposed HPLC Method

Drugs

n

Sumatriptan

Naproxen

Level

Concentration Amount Recovered % Recovery % RSD

(%)

(µg mL-1)

(µg mL-1)

5

50

13.63

13.45

98.68

1.18

5

100

27.27

27.48

100.77

0.93

5

150

40.9

40.79

99.73

0.85

5

50

75.0

75.31

100.41

1.13

5

100

150.0

148.43

98.95

1.02

5

150

225.0

223.54

99.35

0.71

Table 4.49 Intra-day and Inter day Precision of the Proposed HPLC Method

Drugs

Conc.

n

(g mL-1)
Sumatriptan

Naproxen

Intra-day Precision
Mean

RSD (%)

Inter-day Precision
Mean

RSD (%)

13.63

5

13.90

1.22

13.92

1.82

27.27

5

27.60

1.03

27.24

1.49

40.9

5

41.30

1.17

40.70

1.56

75.0

5

74.87

0.85

74.66

1.38

150.0

5

147.85

1.01

147.48

1.55

225.0

5

223.21

0.75

222.87

1.22
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Table 4.50 Robustness Study of Sumatriptan

Chromatographic Conditions Assay %

tR (min) Theoretical Plates

Tailing

Acetonitrile:Buffer (60:40)

98.82

2.29

4888

1.21

Acetonitrile:Buffer (57:43)

98.65

2.41

4728

1.36

Acetonitrile:Buffer (63:37)

99.25

2.18

4779

1.19

Flow rate (1.4 mL min-1)

100.75

2.45

4798

1.34

Flow rate (1.6 mL min-1)

99.3

2.15

4688

1.28

Buffer (pH 6.3)

98.59

2.26

4741

1.39

Buffer (pH 5.9)

98.35

2.25

4737

1.33

Table 4.51 Robustness Study of Naproxen

Chromatographic Conditions Assay %

tR (min) Theoretical Plates

Tailing

Acetonitrile:Buffer (60:40)

98.08

1.55

3783

1.01

Acetonitrile:Buffer (57:43)

98.75

1.63

3844

1.02

Acetonitrile:Buffer (63:37)

99.25

1.49

3802

1.20

Flow rate (1.4 mL min-1)

99.75

1.68

3717

1.00

Flow rate (1.6 mL min-1)

100.29

1.45

3614

1.19

Buffer (pH 6.3)

98.79

1.53

3887

1.07

Buffer (pH 5.9)

98.05

1.54

3808

1.02
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Table 4.52 System Suitability Results of Naproxen and Sumatriptan

Drugs

Tailing Factor

Theoretical Plates Resolution

k/

Naproxen sodium

1.22

3971

……

…….

Sumatriptan

1.37

3452

6.31

1.54

Table 4.53 Stress Testing Results of Naproxen and Sumatriptan

Nature

Storage

Time Amount of Naproxen

of Stress Conditions
1M HCl

(h)

(250C/60%RH) 1

1M NaOH (250C/60%RH)
6% H2O2
Thermal

1

(250C/60%RH) 1
Reflux

1

Remaining±RSD (%)

Amount of Sumatriptan Extent of
Remaining±RSD (%)

Decomposition

100.2 ± 0.7(PPI=1.0000) 85.8 ± 0.2 (PPI=1.0000)

None

100.0 ± 1.1 (PPI=1.0000) 102.8 ± 1.5(PPI=1.0000)

None

99.0 ± 1.6 (PPI=1.0000)

29.7 ± 1.1 (PPI=1.0000)

None

100.2 ± 0.1 (PPI=1.0000) 90.2 ± 1.9 (PPI=1.0000)

None

PPI= Peak Purity Index

Table 4.54 Assay Results of Naproxen and Sumatriptan in Commercial
Tablets

Product

Treximet tablets

Drugs

Label Value

Found

Assay Results

(mg per tablet)

(mg)

±RSD (%)

Naproxen sodium

500.0

502.3

100.46±0.2

Sumatriptan

85.0

85.4

100.52±0.8
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4.8 Flurbiprofen and Gatifloxacin Binary Combination
4.8.1 Method Development and Optimization
In this work we developed a simple, swift, and precise stability indicating RPHPLC method for simultaneous determination of gatifloxacin and flurbiprofen.
Although many analytical methods with different techniques (spectrophotometery,
HPLC,

atomic

absorption

spectrometry,

conductometry,

colorimetry,

spectrofluorimetry, LC-MS, bioassay, and capillary zone electrophoresis) have
been reported for the separate determination of gatifloxacin and flurbiprofen in
pharmaceutical formulation or serum samples but no stability indicating method is
available for these combination drugs in pharmaceutical formulations, human
serum and urine. The reported HPLC methods of gatifloxacin 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 pharmaceutical formulation are not stability indicating and plasma
methods involved a time consuming liquid-liquid extraction with ethyl acetate13 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 configurations
(10, 15, 25 cm columns) were applied to gatifloxacin and flurbiprofen combination.
Optimization of Mobile Phase and Stationary Phase
A systematic approach applied for optimization of best possible chromatographic
conditions. 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 methanol and water mobile phase, tailed
(asymmetrical) peaks of gatifloxacin and flurbiprofen were obtained on Hypersil
ODS C18, Hypersil BDS Phenyl-2, and Hypersil BDS Cyano columns. Hypersil
BDS C8 column provided symmetrical (tailing factor 1.36 with retention time
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5.395 min) peak of flurbiprofen and asymmetrical peak of gatifloxacin (tailing
factor 1.89) with long retention time 19.122 min. Increase in temperature of column
oven to 50 0C 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 carboxyl group of C-3 and oxygen atom of C-4 of gatifloxacin with
the metal ion impurities present in the column or it caused due to superfluous
interactions between nitrogen atoms of gatifloxacin and silanol residues of
stationary phases.
In order to overcome these unnecessary interactions the ionic strength of mobile
phase was increased by using potassium phosphate buffer in mobile phase
composition and further chromatographic experiments were performed using
methanol: 0.02M phosphate buffer (70:30) at pH 3.0 as mobile phase. The
problems of peak broadening and long retention of gatifloxacin were solved but
peak tailing problem (1.58) still existed and was not solved even after changing
organic modifier from methanol to acetonitrile. In order to overcome peak tailing
problem of gatifloxacin it was decided to add silanol blocker (TEA) in mobile
phase and further chromatographic experiments were performed using methanol:
0.02M phosphate buffer (70:30) at pH 3.0 containing 0.1 % triethylamine (TEA) as
silanol blocker. Highly symmetrical and sharp peaks of gatifloxacin and
flurbiprofen were obtained with methanol: 0.02M phosphate buffer containing
0.1%v/v triethylamine (70:30,v/v) on Hypersil BDS C8 column (with better
resolution, capacity factor, peak shapes and theoretical plates) as compared to 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 in the ratio of methanol: phosphate buffer (70:
30, v/v) containing 0.1 % TEA and Hypersil BDS C8 column was used as
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stationary phase. During this study retention time of gatifloxacin was unaffected by
buffer pH. This is due to 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 (Fig. 4.57). Due to the acidic nature of flurbiprofen it tend to become less
ionized (protonated) as pH decreases, therefore it become 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,
flurbiprofen structure changed from less ionized to ionized form (polar or more
hydrophilic) and the resolution between flurbiprofen and gatifloxacin was
compromised and considerable overlapping of peaks was observed at pH 6.5,
making quantitation difficult. In contrast, when a buffer of pH 3 was used, peaks
were well resolved, sharp and symmetrical.
Finally, methanol: phosphate buffer 0.02M, pH 3.0 (70:30,v/v) containing 0.1 %
TEA was selected which provided symmetrical peaks with acceptable peak purity
index of gatifloxacin and flurbiprofen using Hypersil BDS C8 column. Under the
mentioned chromatographic conditions highly symmetrical and sharp peaks of
gatifloxacin and flurbiprofen were obtained at retention times of 3.022 and 8.057
min, respectively (Fig. 4.58).
4.8.2 Analytical Method Validation
4.8.2.1 Linearity
Linear calibration plots of developed method were obtained in concentration ranges
of 15 to 105 µg mL-1 for gatifloxacin (15, 30, 45, 60, 75, 90 and 105 µg mL-1) and
1.5 to 10.5 µg mL-1 for flurbiprofen (1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 µg mL-1).
The linear regression equation for gatifloxacin was found to be Y= 68441X +
47999 whereas for flurbiprofen it was Y= 20685X + 15285 with values of
correlation coefficients equal to 0.998 and 0.999, respectively.
4.8.2.2 Limits of Detection and of Quantitation
The limit of detection (LOD) and quantification (LOQ) were determined by making
serials of dilutions. LOD was found to be 0.09 µg mL-1 (0.15 %) and 0.03 µg mL-1
(0.50 %) for gatifloxacin and flurbiprofen respectively, (signal to noise ratio of
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3:1). LOQ was found to be 0.31 µg mL-1 (0.52 %) and 0.09 µg mL-1 (1.50 %) for
gatifloxacin and flurbiprofen respectively, (signal to noise ratio of 10:1).
4.8.2.3 Accuracy
Accuracy of developed method was determined by synthetic mixture technique.
Three levels of solutions (50, 100 and 150%) of nominal analytical concentration
were prepared and analysed by developed method. Percentage recoveries along
with standard deviation and relative standard deviation for each analyte are given
in [Table 4.55]. Recovery studies showed the method to be highly accurate and
suitable for intended use.
4.8.2.4 Precision
Intra-day precision was determined by injecting five standard solutions of three
different concentrations on same day and inter-day precision was determined by
injecting 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 presented in [Table 4.56].
4.8.2.5 Robustness
Robustness of developed method was performed by slight varying the
chromatographic conditions. The results showed that slight variations in
chromatographic conditions had negligible effect on the chromatographic
parameters [Table 4.57].
4.8.2.6 Specificity
Specificity of developed method was evaluated by applying different stress
conditions (acid, base, oxidation, thermal and photolytic) to gatifloxacin and
flurbiprofen in combination form. The representative chromatograms under acidic
and oxidative stress conditions are presented in (Fig. 4.59). The results of stress
studies are given in [Table 4.58]. Comparison of two drugs showed that under
acidic stress gatifloxacin is more stable as compared to flurbiprofen and under
oxidative stress flurbiprofen is more stable than gatifloxacin. Under acidic
conditions flurbiprofen degraded up to 60 % and gatifloxacin found to be stable.
Under oxidative stress gatifloxacin degraded up to 8.45 % and flurbiprofen found
to be stable. Under basic, thermal and photolytic stresses both drugs found to be
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very stable and not degraded even after 7 days treatment at 40 0C/75 % RH. From
these stress studies it is thus concluded that flurbiprofen and gatifloxacin drugs are
not stable in acidic and oxidative stress conditions, and both drugs are very stable
under basic, thermal and photolytic stress conditions.
4.8.3 Applications of the Developed Method
The developed HPLC method was applied for the analysis of gatifloxacin and
flurbiprofen in commercial eye drops. The obtained accurate assay results of
gatifloxacin and flurbiprofen proved the suitability of the method for intended use.
The assay results of gatifloxacin and flurbiprofen are given in [Table 4.59].
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Fig. 4.58 Chromatogram of FB and GT (dosage)

Fig. 4.57 Chromatograms of Gatifloxacin and Flurbiprofen at Different pH

Fig. 4.58 Chromatograms of Gatifloxacin and Flurbiprofen in Pharmaceutical Formulations
(A), Human Serum (B) and Urine (C)
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Fig. 4.59 Chromatograms of Gatifloxacin and Flurbiprofen under Acidic (A) and Oxidative
stress (B)
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Table 4.55 Accuracy of the Proposed HPLC Method

Nature of Sample

Spiked Concentration Measured Concentration
(g mL-1)

Recovery (%)

(g mL-1) ± SD; 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

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

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

3.00

2.91± 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

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

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

Flurbiprofen

Spiked Serum
Gatifloxacin

Flurbiprofen

Spiked Urine
Gatifloxacin

Flurbiprofen

152

CHAPTER 4. RESULTS AND DISCUSSIONS

Table 4.56 Intra-Day and Inter-Day Precision of the Proposed HPLC Method
Drugs

Actual Concentration
(g mL-1)

Intra-Day Precision
Measured Conc.
(g mL-1) ±SD; RSD (%)

Inter-Day Precision
Measured Conc.
(g mL-1) ± SD; RSD (%)

Pharmaceutical Drugs
Gatifloxacin
30.00

30.33±1.01;1.02

30.21±1.44;1.46

60.00

59.55±0.65;0.66

60.21±0.94;0.90

90.00

90.91±0.18;0.20

90.21±0.37;0.41

3.00

2.96±1.03;1.01

2.99±1.24;1.34

6.00

5.88±1.49;1.53

6.01±1.79;1.83

9.00

9.02±1.11;1.22

8.98±0.99;1.00

30.00

27.77±2.78;2.82

28.21±1.98;2.06

60.00

54.98±3.87;4.09

55.24±2.84;2.89

90.00

83.47±1.18;1.17

81.27±1.97;2.09

3.00

2.98±1.03;1.01

3.02±1.87;1.84

6.00

6.08±1.49;1.47

5.87±2.11;2.13

9.00

9.01±1.91;2.02

9.08±1.09;1.08

30.00

29.88±1.31;1.39

30.55±2.44;2.46

60.00

60.57±1.00;1.08

61.47±0.94;1.02

90.00

90.00±1.18;1.24

90.89±1.77;1.72

3.00

2.98±1.01;1.05

2.99±0.97;1.04

6.00

5.97±1.44;1.53

6.00±1.01;1.03

9.00

9.02±1.11;1.22

8.98±1.01;1.04

Flurbiprofen

Spiked Serum
Gatifloxacin

Flurbiprofen

Spiked Urine
Gatifloxacin

Flurbiprofen
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Table 4.57 Robustness Study of Gatifloxacin and Flurbiprofen

(Gatifloxacin)
Chromatographic
Conditions

Assay

(Flurbiprofen)

tR Theoretical Tailing

Assay

tR

Theoretical Tailing

%

min

Plates

%

min

Plates

Methanol: Buffer (72:28)

99.92

3.20

7821

1.36

100.21 7.35

11249

1.08

Methanol: Buffer (70:30)

98.65

3.11

7819

1.36

99.99

7.99

11855

1.10

Methanol: Buffer (74:26)

99.25

2.21

7799

1.29

99.67

6.88

11457

1.01

Flow rate (1.5 mL min-1)

100.75 3.20

7889

1.36

100.89 8.05

11709

1.08

Flow rate (1.3 mL min-1)

99.30

4.02

7688

1.28

100.54 8.99

12444

1.11

Flow rate (1.7 mL min-1)

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

8.10

11414

1.10

Buffer (pH 3.2)

98.35

3.44

7899

1.33

100.75 7.99

11745

1.01

154

CHAPTER 4. RESULTS AND DISCUSSIONS

Table 4.58 Stress Testing Results of Gatifloxacin and Flurbiprofen

Nature

Time

of Stress

(h)

Amount of Gatifloxacin

Amount of Flurbiprofen

Extent of

Remaining (%) ± RSD

Remaining (%) ± RSD

Decomposition

5M HCl

24

101.21 ± 1.40 (PPI=1.0000)

40.00 ± 3.01 (PPI=1.0000)

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% H2O2

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

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

Photolytic

Substantial

n=Average of 3 determinations, PPI= Peak Purity Index

Table 4.59 Assay Results of Gatifloxacin and Flurbiprofen in Commercial Eye
Drops
Eye Drops

Label Value
(mg mL-1)

Found
(mg mL-1)

Assay Results
(%)±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

Gatifloxacin

3.00

3.02

100.67±0.39;0.39

Flurbiprofen

0.30

0.30

100.00±0.50;0.51

Gatrex-F

n = Average of 10 determination
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4.9. Conclusion
In this research work eight easy, fast and economical stability indicating RP-HPLC
methods were developed for binary combinations of non steroidal anti inflammatory
drugs. The selected binary combinations of non steroidal anti inflammatory drug were not
present (as official monographs) in pharmacopoeia like USP, BP and EP etc. and the
commercial pharmaceutical products of these combinations were available in the market.
So, there was urgent need to develop their stability indicating liquid chromatographic
methods of the selected binary combinations to support the pharmaceutical industry and
research organization.
For ketorolac and gatifloxacin combination a simple, sensitive and accurate RP-HPLC
method was developed and optimized for simultaneous determination of gatifloxacin and
ketorolac tromethamine in commercial eye drops. The proposed method was validated by
testing its linearity, accuracy, precision, limits of detection, limit of quantitation and
specificity. The method was straightforward and simpler than the commonly used HPLC
methods involving ion pair or derivatization. This method has been found suitable for the
routine analysis of pharmaceutical dosage forms in quality control and R&D laboratories
for products of similar type and composition.
For ketorolac and moxifloxacin combination a simple, sensitive, isocratic and accurate
reverse phase HPLC method was described for simultaneous determination of
moxifloxacin hydrochloride and ketorolac tromethamine in pharmaceutical formulations.
The proposed method was validated by testing its linearity, accuracy, precision, limits of
detection, and quantitation and specificity. The method was good enough to separate the
peaks of active pharmaceutical ingredients (APIs) from the degradation products
(produced during forced degradation studies). It was concluded from the chromatograms
that both the active ingredient peaks in all the stress conditions were free from any sort of
degradation impurities. All these convinced us to conclude that the method can be
successfully used for any sort of stability and validation studies.
For ketorolac and ofloxacin combination a simple, sensitive, isocratic and accurate
reverse phase HPLC method has been described for simultaneous determination of
ofloxacin and ketorolac tromethamine in pharmaceutical formulations. The proposed
method was validated by testing its linearity, accuracy, precision, limits of detection and
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quantitation and specificity. The method was good enough to separate the peaks of active
pharmaceutical ingredients (APIs) from the degradation products (produced during
forced degradation studies). It was concluded from the chromatograms that both the
active ingredient peaks in all the stress conditions were free from any sort of degradation
impurities. All these convinced us to conclude that the method can be successfully used
for any sort of stability and validation studies.
For ketorolac and dexamethasone combination a simple, sensitive, isocratic and accurate
reverse phase HPLC method was described for simultaneous determination of ketorolac
tromethamine and dexamethasone in pharmaceutical formulations. The proposed method
was validated by testing its linearity, accuracy, precision, limits of detection and
quantitation and specificity. The method was good enough to separate the peaks of active
pharmaceutical ingredients (APIs) from the degradation products (produced during
forced degradation studies). It was concluded from the chromatograms that both the
active ingredient peaks in all the stress conditions were free from any sort of degradation
impurities. All these convinced us to conclude that the method can be successfully used
for any sort of stability and validation studies.
For piroxicam and paracetamol combination a simple, fast, sensitive, isocratic and
accurate reverse phase HPLC method has been described for simultaneous determination
of piroxicam and paracetamol in pharmaceutical formulations. The proposed method was
validated by testing its linearity, accuracy, precision, limits of detection and quantitation
and specificity. The method was straightforward and simpler than the commonly used
HPLC methods involving ion pair or derivatization. The method was good enough to
separate the peaks of active pharmaceutical ingredients (APIs) from the degradation
products (produced during forced degradation studies). It was concluded from the
chromatograms that both the active ingredient peaks in all the stress conditions were free
from any sort of degradation impurities. This method has been found suitable for the
stability studies, cleaning validation and routine analysis of pharmaceutical dosage forms
in quality control and R&D laboratories for products of similar type and composition.
For naproxen and esomeprazole combination a simple, fast, sensitive, isocratic and
accurate reverse phase HPLC method has been described for simultaneous determination
of naproxen and esomeprazole in pharmaceutical formulations. The proposed method
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was validated by testing its linearity, accuracy, precision, limits of detection and
quantitation and specificity. The method was straightforward and simpler than the
commonly used HPLC methods involving ion pair or derivatization. The method was
good enough to separate the peaks of active pharmaceutical ingredients (APIs) from the
degradation products. Shorter run time i.e., less than three minutes allowed its suitability
not only for routine determination of naproxen and esomeprazole but also for stability
studies.
For naproxen and sumatriptan combination a simple and accurate HPLC method for the
simultaneous determination of naproxen sodium and sumatriptan in pharmaceutical
formulations has been described. The method was validated by testing its linearity,
accuracy, precision, robustness, limits of detection and quantitation and specificity. The
method was specific in the presence of the degradation products as evident from the
forced degradation studies. The total run time of less than three minutes not only allowed
its suitability for the routine determination of naproxen sodium and sumatriptan but also
for stability studies.
For flurbiprofen and gatifloxacin combination a simple, fast and reliable stability
indicating RP-HPLC method was 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 quantitation and specificity. The method was simple and fast, without using
ion pair or any derivatization reagent. Sample preparation was very simple and was
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.
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& A fast, sensitive, and accurate stability indicating reverse phase high performance liquid chromatographic (RP-HPLC) method was developed and validated for simultaneous determination of
gatifloxacin and ketorolac tromethamine in combined dosage form. Chromatographic separations
were achieved on BDS Hypersil C8 column (250  4.6 mm) with mobile phase that consisted of
methanol and phosphate buffer (pH 3.0) in the ratio of (55:45 v=v) at a flow rate of
1.5 m Lmin1. The analytes were detected at 270 nm using ultraviolet detection. The retention
times of gatifloxacin and ketorolac tromethamine were found to be 2.460 and 6.366 min, respectively. When forced degradation studies were applied to both the drugs in combination, it was found
that both gatifloxacin and ketorolac tromethamine were very stable under the basic, acidic, wet heat
and oxidative environment. The method was linear in the concentration range of 30–90 lg mL1
for gatifloxacin and 50–110 lg mL1 for ketorolac tromethamine. The correlation coefficients were
found to be 0.9998 and 0.9999 for gatifloxacin and ketorolac tromethamine, respectively. The
method resulted in good separation of both the analytes with acceptable tailing and resolution.
The developed method can be used for routine determination of gatifloxacin and ketorolac tromethamine in commercial formulations.
Keywords forced degradation studies, gatifloxacin, HPLC, ketorolac tromethamine

INTRODUCTION
Gatifloxacin is chemically designated 1-cyclopropyl-6-fluoro- 8-methoxy7-(3-methylpiperazin-1-yl)-4-oxo-quinoline-3-carboxylic acid (Figure 1). It is
a broad spectrum antibiotic and is indicated for the treatment of bacterial
conjunctivitis, keratitis, and pre- and post-operatively to control infections
Address correspondence to Islam Ullah Khan, Department of Chemistry, Government College
University, Lower Mall Road, Lahore-54000, Pakistan. E-mail: iukhan@gcu.edu.pk
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FIGURE 1 Chemical structure of gatifloxacin.

of the eye.[1] Ketorolac tromethamine (Figure 2) chemically designated as
()-5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid, compound with
2-amino-2-(hydroxymethyl)-1,3-propanediol is a pyrrolizine carboxylic acid
derivative structurally related to indomethacin, is an NSAID. It is used principally as an analgesic.[2]
Various analytical techniques were used for the determination of gatifloxacin and ketorolac tromethamine either individually or in combination
with other drugs. The analytical methods published for gatifloxacin include
determination by spectrophotometry,[3,4] HPLC,[5] atomic absorption spectrophotometry, conductometry, colorimetry,[6] and spectrofluorimetry.[7]
The analytical methods published for ketorolac tromethamine include
determination by flow injection analysis,[8] gas chromatography-mass spectrometry,[9] and HPLC.[10,11]
After a careful literature review, it was found that no HPLC method was
reported for the simultaneous determination of these two drugs. Therefore, attempts were made to develop and validate a simple, rapid, sensitive,
and isocratic reverse phase high performance liquid chromatographic
method for simultaneous determination of both drugs. We are currently
engaged in binary combination analysis of different classes of drugs in
pharmaceutical formulations.[12–16] The present work was aimed to
accomplish the best possible chromatographic conditions for the concurrent determination of gatifloxacin and ketorolac tromethamine in pharmaceutical formulations.

FIGURE 2 Chemical structure of ketorolac tromethamine.
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We describe in this paper a simple, swift, sensitive, and isocratic reverse
phase HPLC method with retention time less than 7 minutes for the simultaneous determination of gatifloxacin and ketorolac tromethamine in commercial formulations. The developed method can be effectively applied for
quality control analysis of both drugs in commercial preparations.

EXPERIMENTAL
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Chemicals and Reagents
Reference standards of gatifloxacin and ketorolac tromethamine with
stated purity of 99.94 and 99.88%, respectively, were kindly gifted by Schazoo Zaka Laboratories (Lahore, Pakistan). Methanol (HPLC grade), potassium dihydrogen phosphate, phosphoric acid, triethylamine, sodium
hydroxide, hydrochloric acid, and hydrogen peroxide (analytical reagent
grade) were from M.S Traders Lahore, Pakistan (Fluka origin). Double distilled water was used throughout the analysis. Mobile phase was filtered
using 0.45 m membrane filters by Millipore (USA).
Equipment and Chromatographic Conditions
The HPLC apparatus consisted of a Shimadzu LC-20A system (Kyoto,
Japan) equipped with model LC-20AT pump, SPD-M20A UV-Visible detector (set at 270 nm), CBM-20A system controller, DGU-20A degasser,
CTO-20A column oven, and Rheodyne injection valve with a 20-mL loop.
Peak areas were integrated using a Shimadzu Class VP HPLC software program. The experimental conditions were optimized on a BDS Hypersil C8
column (250  4.6 mm, 5 mm particle size) at room temperature. The
mobile phase consisted of methanol and phosphate buffer (pH 3.0) in
the ratio of (55:45 v=v). Phosphate buffer was prepared by taking 2.72 g
of potassium dihydrogen phosphate in 1000 mL of water. Triethylamine
(1 mL) was added to the phosphate buffer and pH adjusted to 3.0 with
phosphoric acid. Flow rate of the mobile phase was 1.5 mL min1.
Preparation of Standard Solution
Standard stock solution was prepared by weighing accurately 75 mg gatifloxacin and 100 mg ketorolac tromethamine and then dissolved in 100 mL
mobile phase. Standard stock solution of 2 mL was diluted to 25 mL with
the mobile phase to obtain 60 mg mL1 gatifloxacin and 80 mg mL1 ketorolac tromethamine. The solution was filtered through a 0.45-m nylon filter
before analysis.
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Preparation of Sample Solution
For the preparation of sample solution, Ketomar and Gatilox Plus eye
drops were used. These eye drops claimed to contain 0.3% Gatifloxacin
and 0.4% ketorolac tromethamine. Commercial eye drops of 2 mL, which
were equivalent to 6 mg gatifloxacin and 8 mg ketorolac tromethamine,
were diluted to 100 mL with the mobile phase. This furnished solutions
with concentrations equal to 60 mg mL1 gatifloxacin and 80 mg mL1 ketorolac tromethamine.
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Linearity
Linear calibration plots for the proposed method were obtained over
calibration ranges of 30–90 mg mL1 gatifloxacin (30, 40, 50, 60, 70, 80,
and 90 mg mL1) and 50–110 mg mL1 ketorolac tromethamine (50, 60,
70, 80, 90, 100, and 110 mg mL1). Each solution was prepared in triplicate.

Limit of Detection and Limit of Quantitation
To calculate Limits of Detection (LOD) and Limits of Quantification
(LOQ) values, sequential dilutions were prepared and analyzed by the proposed method. The LOD and LOQ values were then estimated by evaluating the level (signal to noise ratio of 3:1 and 10:1, respectively) at which the
analytes can be readily detected and quantified with accuracy.

Accuracy
Recovery studies in terms of standard addition technique were carried
out to evaluate the accuracy of the proposed method. For this purpose,
known quantities of gatifloxacin and ketorolac tromethamine were supplemented to pre-quantified sample solution and then experimental and
true values were compared. Three levels of solutions were made which
correspond to 70, 100, and 130% of nominal analytical concentration
(60 mg mL1 gatifloxacin and 80 mg mL1 ketorolac tromethamine).

Robustness
Premeditated variations were made in the experimental conditions of
the proposed method to assess the method robustness. For this purpose,
minor changes were made in mobile phase composition, flow rate, and
pH of the buffer solution. The effect of these changes on chromatographic
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parameters such as retention time, tailing factor, and number of theoretical
plates was then measured.
Stress Testing
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Stress testing was carried out using different ICH prescribed stress conditions such as acidic, basic, oxidative, and thermal stresses.
Acid Degradation Studies
An amount of 2 mL of standard stock solution was mixed with 2 mL of
1 M HCl in a 25-mL volumetric flask. The solution was then placed at room
temperature (25 C  2 C) for 1 hr, 3 hr, 5 hr, 7 hr, 9 hr, 13 hr, and 17 hr. The
assay content of each solution was then determined after neutralization
with 1 M NaOH.
Base Degradation Studies
An amount of 2 mL of standard stock solution was mixed with 2 mL of
1 M NaOH in a 25-mL volumetric flask. The solution was then placed at
room temperature (25 C  2 C) for 1 hr, 3 hr, 5 hr, 7 hr, 9 hr, 13 hr, and
17 hr. The assay content of each solution was then determined after neutralization with 1 M HCl.
Oxidative Degradation Studies
An amount of 2 mL of standard stock solution was mixed with 1 mL of
hydrogen peroxide in a 25-mL volumetric flask. The solution was then
placed at 25 C  2 C and tested after 1 hr, 3 hr, 5 hr, 7 hr, 9 hr, 13 hr, and
17 hr for assay contents of both drugs.
Thermal Degradation Studies
An amount of 2 mL of standard stock solution was placed at 40 C  2 C
and 75%  5% RH in a 25-mL volumetric flask. The samples were then
tested after 1 hr, 3 hr, 5 hr, 7 hr, 9 hr, 13 hr, and 17 hr for assay content of
both the drugs.
RESULTS AND DISCUSSION
RP-HPLC carried out with silica-based column is performed by many
researchers in the separations of active pharmaceutical ingredients.
However, there are some drawbacks such as compounds containing basic
nitrogen atoms are often tightly attached to the exposed silanol groups
and results in peak-tailing. In addition, irreproducible retention and
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non-robust separation are obtained. In this work we proposed a simple,
sensitive, and accurate HPLC method for simultaneous determination of
gatifloxacin and ketorolac tromethamine. Both drugs contain basic nitrogen atoms and causes peak-tailing problems due to interactions of these
basic nitrogen atoms with the residual silanol groups of the stationary
phase during chromatographic separation. To obtain symmetrical peaks
with better resolution, the chromatographic conditions, that is, eluent optimization (pH and silanol blockers) were optimized. Various chromatographic conditions such as mobile phase composition, analytical columns
with different packing materials (C8, C18, phenyl, and cyano), and configurations (10, 15, and 25 cm columns) were tested to obtain sharp peaks
with reduced tailing and better resolution. Finally, a base deactivated silica
end-capped BDS Hypersil C8 column was selected which provided reduced
peak-tailing. Mobile phase selection was done keeping in view peak parameters, run time, ease of preparation, and cost. The most suitable mobile
phase composition was found to be methanol and phosphate buffer (pH
3.0) in the ratio of 55:45 (v=v). An amount of 1 mL of triethylamine as a
silanol blocker was added before adjustment of pH of the buffer solution
to reduce the peak-tailing of the analytes. Under the mentioned chromatographic conditions, highly symmetrical and sharp peaks of gatifloxacin and
ketorolac tromethamine were obtained at retention times of 2.460 and
6.366 minutes, respectively (Figures 3 and 4).
The developed chromatographic method was validated using ICH
guidelines.[17] Validation parameters performed included linearity,
accuracy, precision, robustness, specificity, and limits of detection and
quantitation.

FIGURE 3 Chromatogram of ketorolac tromethamine and gatifloxacin reference substances (RT
Gatifloxacin 2.460, RT Ketorolac 6.366).
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FIGURE 4 Chromatogram of ketorolac tromethamine and gatifloxacin in pharmaceutical formulations
(RT Gatifloxacin 2.460, RT Ketorolac 6.366).

Linear calibration plots (Figure 5 and Figure 6) for the proposed
method were obtained in the concentration ranges of 30–90 mg mL1 for
gatifloxacin (30, 40, 50, 60, 70, 80, and 90 mg mL1) and 50–110 mg mL1
for ketorolac tromethamine (50, 60, 70, 80, 90, 100, and 110 mg mL1).
The linear regression equation for gatifloxacin was found to be
Y ¼ 190750X þ 391138 with correlation coefficient 0.9998. The linear
regression equation for ketorolac tromethamine was found to be
Y ¼ 84857X þ 334286 with correlation coefficient 0.9999.
The limits of detection (LOD) and quantitation (LOQ) were determined
by making sequential dilutions. LOD was found to be 0.259 mg mL1 and
0.566 mg mL1 for gatifloxacin and ketorolac tromethamine, respectively
(signal to noise ratio of 3:1). LOQ was found to be 0.777 mg=mL1 and

FIGURE 5 Calibration plot of ketorolac tromethamine (concentration range 50–110 mg mL1). (Color
figure available online.)
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FIGURE 6 Calibration plot of gatifloxacin (concentration range 30–90 mg mL1). (Color figure
available online.)

1.699 mg=mL1 for gatifloxacin and ketorolac tromethamine, respectively
(signal to noise ratio of 10:1).
Accuracy of the method was performed by the standard addition technique. Three levels of solutions (70, 100, and 130%) of the nominal analytical concentrations were prepared. The percentage recovery and RSD for
each analyte are given in (Table 1). Recovery studies showed the method
to be highly accurate and suitable for the intended use.
Intra-day precision was determined by injecting five standard solutions
of three different concentrations on the same day (n ¼ 5), and inter-day
precision was determined by injecting the same solutions for consecutive
days. Relative standard deviation (RSD%) of the peak area was then calculated to represent precision. The results of intra-day and inter-day precision
are presented in (Table 2).
Robustness of the method was performed by slightly varying the
chromatographic conditions. The results showed that slight variations in
chromatographic conditions had negligible effect on the assay results
(Table 3a and 3b).
Specificity of the developed method was evaluated by different stress
conditions (acid, base, oxidation, and thermal) applied to gatifloxacin
TABLE 1

Accuracy of the Proposed HPLC Method

Drug
Gatifloxacin

Ketorolac
Tromethamine

Level (%)

Concentration
(mg mL1)

Amount Recovered
(mg mL1)

% Recovery

RSD (%)

70
100
130
70
100
130

42
60
78
56
80
104

42.40
59.54
78.72
55.44
79.88
104.98

100.95
99.23
100.92
99.00
99.85
100.94

1.14
1.23
0.95
1.19
1.02
0.99

n ¼ Average of 5 analyses.
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Intra-Day and Inter-Day Precision of the Proposed HPLC Method
Intra-day Precision

Inter-day Precision

Compound

Conc. (mg mL1)

Mean

RSD (%)

Mean

RSD (%)

Gatifloxacin

42
60
78
56
80
104

42.80
60.11
78.80
56.22
80.90
104.55

1.06
1.21
1.16
0.97
1.01
0.21

41.77
60.66
78.89
55.81
80.22
103.41

1.11
1.09
1.02
1.18
1.21
1.14

Ketorolac tromethamine
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n ¼ Average of 5 analyses.

and ketorolac tromethamine in combination form. Both drugs were found
highly stable under the mentioned stress conditions and were not degraded
even after 17 hr of acidic, basic, oxidative, and thermal stresses (Table 4).
These results revealed that gatifloxacin and ketorolac tromethamine both
are highly stable under acid, base, hydrogen peroxide, and thermal stress
studies.
Application of the proposed method was checked by analyzing the gatifloxacin and ketorolac tromethamine in commercially available pharmaceutical products. The results provided in (Table 5), showed high percentage
TABLE 3a Robustness Study of Gatifloxacin
Conditions

Assay %

RT (min)

Theoretical Plate

Tailing

Methanol:buffer (53:47)
Methanol:buffer (55:45)
Methanol:buffer (57:43)
Flow rate (1.4 mL=min)
Flow rate (1.5 mL=min)
Flow rate (1.6 mL=min)
Buffer (pH 2.8)
Buffer (pH 3.0)
Buffer (pH 3.2)

100.82
99.56
100.25
100.75
100.33
99.39
99.59
99.72
99.36

2.553
2.460
2.370
2.636
2.460
2.310
2.420
2.461
2.481

4088
4128
4079
4098
4140
4188
4041
4136
4037

1.17
1.26
1.28
1.21
1.26
1.22
1.30
1.26
1.33

TABLE 3b

Robustness Study of Ketorolac Tromethamine

Conditions

Assay %

RT (min)

Theoretical Plate

Tailing

Methanol:buffer (53:47)
Methanol:buffer (55:45)
Methanol:buffer (57:43)
Flow rate (1.4 mL=min)
Flow rate (1.5 mL=min)
Flow rate (1.6 mL=min)
Buffer (pH 2.8)
Buffer (pH 3.0)
Buffer (pH 3.2)

100.08
100.71
100.22
99.91
100.69
100.49
99.66
100.67
99.09

6.606
6.366
6.143
6.821
6.365
5.968
6.322
6.365
6.367

5650
5665
5690
5621
5663
5670
5661
5670
5669

1.11
1.12
1.20
1.11
1.12
1.19
1.17
1.12
1.11
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TABLE 4

Stress Testing Results of Gatifloxacin and Ketorolac Tromethamine
% Found
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Ingredients

0 hr

1 hr

3 hr

5 hr

7 hr

9 hr

13 hr

17 hr

Acidic Stress (1 M HCl)
Gatifloxacin
100.25
99.68
99.30 100.54
99.99
99.41
99.98 100.55
Ketorolac Tromethamine
99.89 100.31
99.68 100.87 100.22 100.66
99.81
99.99
Basic Stress (1 M NaOH)
Gatifloxacin
99.51
99.08
99.27
99.88
99.29
99.11 100.98 101.11
Ketorolac Tromethamine
99.14
99.11
98.98 100.12
99.21
99.06
99.44
99.92
Oxidative Stress (H2O2)
Gatifloxacin
101.18 100.61 100.00 100.11 100.91 100.14 100.16 101.05
Ketorolac Tromethamine
100.54 100.14 100.19 100.44 101.21
99.55
99.04
99.77
Thermal Stress (40 C, 75% RH)
Gatifloxacin
99.98
99.24
99.14
99.98 100.09 100.11
99.90 100.11
Ketorolac Tromethamine
99.89 100.82
99.66 100.07 100.82 100.46
99.01
99.90
n ¼ Average of 3 determinations.

TABLE 5

Assay Results of Gatifloxacin and Ketorolac Tromethamine in Commercial Eye Drops

Products
Gatilox plus
Ketomar

Ingredient

Label Value (mg per mL)

Found (mg)

Recovery (%)

Gatifloxacin
Ketorolac Tromethamine
Gatifloxacin
Ketorolac Tromethamine

3
4
3
4

3.01
3.99
3.02
4.01

100.33
99.75
100.67
100.25

n ¼ Average of 10 determinations.

TABLE 6

System Suitability Parameters of Gatifloxacin and Ketorolac Tromethamine

Ingredient
Gatifloxacin
Ketorolac Tromethamine

Tailing Factor

Theoretical Plates

Resolution

k=

1.24
1.11

4081
5688

—
15.21

—
1.55

recoveries and low RSD (%) values for both analytes. System suitability parameters of the developed method are provided in (Table 6).
CONCLUSION
In this study a simple, sensitive, and accurate RP-HPLC method was
developed and optimized for simultaneous determination of gatifloxacin
and ketorolac tromethamine in commercial eye drops. The proposed
method was validated by testing its linearity, accuracy, precision, limits of
detection, limit of quantitation, and specificity. The method is straightforward and simpler than the commonly used HPLC methods involving ion
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pair or derivatization. As can be seen in the chromatograms, 7 min is
enough for both drugs to be released. This method has been found suitable
for the routine analysis of pharmaceutical dosage forms in quality control
and R&D laboratories for products of similar type and composition.
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A simple, RP-HPLC method was established for determining moxifloxacin and ketorolac in pharmaceutical formulations.
Moxifloxacin, ketorolac and their degradation products were separated using C8 column with methanol and phosphate buffer pH
3.0 (55:45 v/v) as the mobile phase. Detection was performed at 243 nm using a diode array detector. The method was validated
using ICH guidelines and was linear in the range 20-140 µg mL-1 for both analytes. Good separation of both the analytes and their
degradation products was achieved using this method. The developed method can be applied successfully for the determination of
moxifloxacin and ketorolac.
Keywords: reverse phase liquid chromatography; moxifloxacin hydrochloride; ketorolac tromethamine.

INTRODUCTION
Safety and efficacy are two fundamental properties of drug products. Instability of drug products can cause changes in the physical,
chemical, pharmacological and toxicological properties of their active
pharmaceutical ingredients (API). Therefore pharmacists should
take various factors into consideration, for example drug stability,
possible degradation products and potential interactions with the
excipients used in the formulation, to ensure successful therapy. A
stability-indicating procedure is one which, based on the characteristic structural, chemical, or biological properties of each active
ingredient of a drug product, will distinguish each active ingredient
from its degradation products so that the active ingredient content
can be accurately measured.1 It is recommended by both the ICH
and the WHO that analysis of drugs during stability testing should
be conducted by use of a validated stability-indicating method. In
this paper, ICH and WHO guidelines were therefore heeded for the
simultaneous determination of moxifloxacin and ketorolac.
Moxifloxacin hydrochloride is chemically designated as
1-Cyclopropyl-6-fluoro-1,4- dihydro-8-methoxy-7-[(4aS,7aS)-octahydro-6H-pyrrolo[3,4-b]pyridin-6-yl]-4-oxo-3 quinolinecarboxylic acid hydrochloride. It is a broad-spectrum antibiotic that
functions by inhibiting DNA gyrase, a type II topoisomerase, and
topoisomerase IV,2 enzymes necessary to separate bacterial DNA,
thereby inhibiting cell replication. The antibiotic is used for bacterial conjunctivitis, keratitis, pre and post operatively to control
eye infections. Ketorolac tromethamine chemically designated as
(±)-5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid, a
compound with 2-amino-2-(hydroxymethyl)-1,3-propanediol, a
pyrrolizine carboxylic acid derivative structurally related to indomethacin, is an NSAID, used principally as an analgesic.3 Both
moxifloxacin hydrochloride and ketorolac tromethamine have been
analysed by various techniques both alone and in combination with
other drugs. The analytical methods available for moxifloxacin
hydrochloride included determination by spectrophotometry,4-6 and
*e-mail: m.ashfaq@uog.edu.pk

high performance liquid chromatography.7-15 The analytical methods
available for ketorolac tromethamine included determination by
flow injection analysis,16 gas chromatography-mass spectrometry17
and HPLC.18-26
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The combination of moxifloxacin and ketorolac has not been
adopted by any official pharmacopoeia. An extensive review of the
literature revealed no HPLC method for simultaneous determination
of both drugs. Therefore attempts were made to develop and validate
simple, precise, sensitive and isocratic reverse phase high performance
liquid chromatographic method for simultaneous determination of
both drugs along with their stress-induced degradation products in
pharmaceutical formulations.
EXPERIMENTAL
Chemicals and reagents
Reference standards of moxifloxacin hydrochloride and ketorolac
tromethamine with stated purity of 99.97 and 99.88%, respectively
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were obtained from Schazoo Zaka Laboratories (Lahore, Pakistan).
Moxiflox Plus and Moxicip KT eye drops, claiming to contain 5 mg
each of the drug per mL, were used in this study. Methanol (HPLC grade), potassium dihydrogen phosphate, phosphoric acid, triethylamine,
sodium hydroxide, hydrochloric acid and hydrogen peroxide (analytical
reagent grade) were from M.S Traders Lahore, Pakistan (Fluka origin).
Double distilled water was used throughout the analysis. Mobile phase
was filtered using 0.45 mm nylon filters by Millipore (USA).
Equipment and chromatographic conditions
The HPLC system consisted of a Shimadzu LC-20A system
(Kyoto, Japan) equipped with a model LC-20AT pump, SPD-M20A
Diode array detector (set at 243 nm), and a DGU-20A5 online
degasser, and a Rheodyne injection valve with a 20 mL loop. Peak
areas were integrated using a Shimadzu LC solution (version 1.227)
software program. The experimental conditions were optimized on
a BDS Hypersil C8 column (250 × 4.6 mm, 5 mm particle size) at
room temperature. Mobile phase consisted of methanol and phosphate
buffer (pH 3.0) in the ratio of (55:45 v/v, respectively). The phosphate buffer was prepared by taking 2.72 g of potassium dihydrogen
phosphate in 1000 mL of water. Triethylamine (1 mL) was added to
it and pH then adjusted to 3.0 using phosphoric acid. Flow rate of the
mobile phase was 0.7 mL min-1 and all chromatographic experiments
were performed at room temperature (25 oC ± 2 oC).
Preparation of standard solution
Standard stock solution was prepared by accurately weighing
100 mg of moxifloxacin and 100 mg of ketorolac tromethamine and
then both dissolved in 100 mL of mobile phase. 2 mL of the standard
stock solution was diluted to 25 mL with mobile phase to prepare
working standard solution having a concentration of 80 mg mL-1 for
both moxifloxacin and ketorolac tromethamine. The solution was
filtered through a 0.45 mm nylon filter before analysis.
Preparation of sample solution
4 mL commercial eye drops were diluted to 50 mL with mobile
phase. 5 mL of this solution was then diluted to 25 mL with mobile
phase to obtain a concentration of 80 mg mL-1 for both moxifloxacin
and ketorolac tromethamine. The solution was filtered through a 0.45
mm nylon filter before analysis.
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inter-day precision. 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
(RSD %) of the peak area was then calculated to represent precision.
Specificity (stress testing)
Stress testing was carried out using different ICH prescribed
stress conditions such as acidic, basic, oxidative, photolytic and
thermal stresses. All stress studies were performed in a 25 mL volumetric flask.
Acid degradation studies
Acid degradation studies were performed under 3 different temperature conditions using 1 M HCl and 5 M HCl. For this purpose,
2 mL of the standard stock solution was taken and placed into five
different 25 mL volumetric flasks. 2 mL of 1 M HCl was added to
two of these flasks, one of which was kept at room temperature for
19 h and the other at 40 oC for 1 h. For the remaining three 25 mL
volumetric flasks, 2 mL of 5 M HCl was added to each. Out of these
three flasks, one was kept at room temperature for 19 h, a second at
40 oC for 1 h, and the third was heated at 160 oC on a hot plate for
1 h. After completion of the stress procedure, all the solutions were
neutralized by using 1 M and 5 M NaOH and completed up to the
mark with mobile phase.
Base degradation studies
Base degradation studies were performed under 3 different
temperature conditions using 1 M NaOH and 5 M NaOH. For this
purpose, 2 mL of the standard stock solution was taken and placed
into 5 different 25 mL volumetric flasks. 2 mL of 1 M NaOH was
added to 2 of these flasks, one of which was kept at room temperature
for 19 h and the other at 40 oC for 1 h. For the remaining three 25
mL volumetric flasks, 2 mL of 5 M NaOH was added to each. Out of
these 3 flasks, one was kept at room temperature for 19 h, the second
at 40 oC for 1 h and the third was heated at 160 oC on a hot plate for
1 h. After completion of the stress procedure, all the solutions were
neutralized by using 1 M and 5 M HCl and completed up to the mark
with mobile phase.
Oxidative degradation studies

Linearity
Linear calibration plots of the proposed method were obtained
over concentration ranges of 20-140 mg mL-1 for both moxifloxacin
and ketorolac tromethamine (20, 40, 60, 80, 100, 120, and 140 µg
mL-1). Each solution was prepared in triplicate.
Accuracy
The standard addition method was used to demonstrate the accuracy of the proposed method. For this purpose, known quantities of
moxifloxacin and ketorolac tromethamine were supplemented to the
previously analysed sample solution and then experimental and true
values compared. Three levels of solutions were made corresponding
to 70, 100 and 130% of nominal analytical concentration (80 mg mL-1).

Oxidative degradation studies were performed under 3 different
temperature conditions using 6% H2O2. For this purpose, 2 mL of the
standard stock solution was taken and placed into 3 different 25 mL
volumetric flasks. 2 mL of 6% H2O2 was added to each of these flasks,
one of which was kept at room temperature for 19 h, the second at 40
o
C for 1 h and the third heated at 160 oC on a hot plate for 1 h. After
completion of the stress procedure, all the solutions were completed
up to the mark with mobile phase.
Photolytic degradation studies
For photolytic degradation, 2 mL of standard stock solution was
placed in direct sunlight for 1 h.
Thermal degradation studies

Precision
Repeatability was studied by determination of intra-day and

Thermal degradation studies were performed under 3 different
temperature conditions. For this purpose, 2 mL of the standard stock
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solution was taken and placed in 3 different 25 mL volumetric flasks.
One of the volumetric flasks was kept at room temperature for 19
h and a second at 40 oC for 1 h. The third 25 mL volumetric flask
was heated at 160 oC on a hot plate for 1 h. After completion of the
stress procedure, all the solutions were completed up to the mark
with mobile phase.
Robustness
Premeditated variations were performed under the experimental
conditions of the proposed method to assess the method’s robustness. For this purpose, minor changes were made in mobile phase
composition, flow rate and pH of the buffer solution. The effect of
these changes on chromatographic parameters such as retention time,
tailing factor and number of theoretical plates was then measured.
Limit of detection and limit of quantitation

Figure 1. Chromatogram of Moxifloxacin and Ketorolac in pharmaceutical
formulation

To calculate limits of detection (LOD) and limits of quantitation
(LOQ), sequential dilutions were done and analysed by the proposed
method. The LOD and LOQ were then established by evaluating the
level (signal to noise ratio of 3:1 and 10:1, respectively) at which the
analytes were readily detected and accurately quantified.
RESULTS AND DISCUSSION
In this work, a simple, sensitive and accurate isocratic RP-HPLC
method for simultaneous determination of moxifloxacin, ketorolac
and their stress-induced degradation products was proposed. Both
drugs contain basic nitrogen atoms and therefore have the potential
to cause peak tailing due to interactions of these basic nitrogen
atoms with the silanol groups of the stationary phase during chromatographic separation. In order to obtain symmetrical peaks with
better resolution, the chromatographic conditions i.e. pH of the
buffer, concentration of organic modifier and silanol blockers were
optimized. Various chromatographic conditions such as mobile phase
composition, analytical columns with different packing materials
(C8, C18, phenyl, cyano), and configurations (10, 15, 25 cm columns)
were used to obtain sharp peaks with reduced tailing, and better
resolution with no peak impurity. Finally, a base deactivated silica
end-capped BDS Hypersil C8 column was selected which provided
reduced peak tailing and acceptable peak purity index. Mobile phase
composition was selected based upon peak parameters (symmetry,
tailing, resolution and peak purity index etc.), run time, ease of
preparation and cost. The most suitable mobile phase composition
was found to be methanol and phosphate buffer (pH 3.0) in the ratio
of 55:45 (v/v), respectively. Under the chromatographic conditions
outlined, highly symmetrical and sharp peaks of moxifloxacin and
ketorolac were obtained at retention times of 5.25 and 11.49 min,
respectively (Figure 1).
The chromatographic method developed was validated using
ICH guidelines.27 Validation parameters include linearity, accuracy,
precision, robustness, specificity, limit of detection and quantitation.
Linear calibration plots for the proposed method were obtained
in a concentration range of 20 to 140 µg mL-1 for both moxifloxacin
and ketorolac (20, 40, 60, 80, 100, 120 and 140 µg mL-1). The linear
regression equation for moxifloxacin was found to be Y= 13892 X

+ 54497 whereas for ketorolac, was Y= 84857 X + 334286. The
correlation coefficient for both the drugs was equal to 0.9999. The
results of the regression statistics of moxifloxacin and ketorolac are
given in Table 1. The residual plots of moxifloxacin and ketorolac are
shown in Figures 2a and 2b. The residual plots of the moxifloxacin and
ketorolac clearly indicated that the data points (positive and negative
values as bar graph) are evenly distributed around a horizontal line.
It was thus concluded that the straight line function was appropriate
for both the drugs.

Figure 2. Residual plot of a) Moxifloxacin; b) Ketorolac

Table 1. Regression statistics of the proposed method
Drugs

Regression equation

Conc. Range (µg mL-1)

LOD (µg mL-1)

LOQ (µg mL-1)

R2

Moxifloxacin

Y= 13892X + 54497

20-140

0.16

0.53

0.9999

Ketorolac

Y= 84857X + 334286

20-140

0.18

0.60

0.9999
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The limits of detection (LOD) and quantitation (LOQ) were
determined by making serials of dilutions. LOD was found to be
0.16 µg mL-1 and 0.18 µg mL-1 for moxifloxacin and ketorolac
tromethamine, respectively (signal to noise ratio of 3:1). LOQ was
found to be 0.53 and 0.60 µg mL-1 for moxifloxacin and ketorolac
tromethamine, respectively (signal to noise ratio of 10:1). LOD and
LOQ values show that the method can be used for analysis of these
drugs at very low concentrations, which in some cases during stability
studies is very challenging.
Accuracy of the method was determined by the standard addition
technique. Three levels of solutions (70, 100 and 130%) of the nominal analytical concentrations were prepared. Percentage recoveries,
along with standard deviation and relative standard deviations for
each analyte (n = 5) are given in Table 2. From the data given in
Table 2, it is clear that the method is highly accurate and suitable
for the intended use.
Table 2. Accuracy of the proposed HPLC method

Drugs

Spiked
concentration
(µg mL-1)

Measured
concentration
(µg mL-1) ± SD;
RSD (%)

Recovery (%)

56

55.5 ± 0.3; 0.6

99

80

80.8 ± 0.5; 0.6

101

104

105.1 ± 0.9; 0.9

101

56

55.9 ± 0.5; 1.0

100

80

79.1 ± 0.3; 0.4

99

104

104.0 ± 1.0; 0.9

100

Moxifloxacin

Ketorolac

n = Average of 5 analysis

Intra-day precision was determined by injecting 5 standard solutions of 3 different concentrations on the same day (n = 5) whereas
inter-day precision was determined by injecting the same solutions
for 3 consecutive days. Relative standard deviation (RSD %) of
the peak area was calculated to represent precision. The results of
intra-day and inter-day precision are shown in Table 3. RSD values
were less than 2% for intra and inter day precisions, indicating high
precision of the method.
Table 3. Intra-day and inter-day precision of the proposed HPLC method
Drugs

Moxifloxacin

Ketorolac

Actual
concentration
(mg mL-1)
56

Intra-day precision Inter-day precision
Measured
Measured
concentration±SD; concentration±SD;
RSD (%)
RSD (%)
56.1 ± 0.7; 1.2

1219

Table 4. Robustness study of Moxifloxacin and Ketorolac
Moxifloxacin
Chromatographic
Conditions
Methanol:buffer
(53:47)
Methanol:buffer
(55:45)
Methanol:buffer
(57:43)
Flow rate (0.6 mL
min-1)
Flow rate (0.8 mL
min-1)
Buffer (pH 2.8)
Buffer (pH 3.2)
Ketorolac
Chromatographic
Conditions
Methanol:buffer
(53:47)
Methanol:buffer
(55:45)
Methanol:buffer
(57:43)
Flow rate (0.6 mL
min-1)
Flow rate (0.8 mL
min-1)
Buffer (pH 2.8)
Buffer (pH 3.2)

Assay %

tR (min)

Tailing

5.472

Theoretical
plate
5518

100.82
99.56

5.273

5591

1.13

100.25

5.121

5522

1.18

100.75

6.092

5512

1.22

99.39

4.710

5588

1.32

99.59
99.36

5.176
5.340

5511
5537

1.17
1.18

Assay %

tR (min)

Tailing

100.08

11.931

Theoretical
plate
6850

100.71

11.491

6865

1.12

100.22

11.143

6890

1.20

99.91

13.321

6821

1.11

100.49

10.068

6870

1.19

99.66
99.09

11.322
11.567

6861
6869

1.17
1.11

1.17

1.11

thermal) to moxifloxacin and ketorolac tromethamine in combination form. The chromatograms under different stress conditions
are shown in Figures 3, 4, 5 and 6. The results of stress studies are
given in Table 5. Based on the results, it is evident that under mild
conditions neither of the drugs were degraded, remaining intact except under photolytic conditions where moxifloxacin was degraded
up to 16% whereas ketorolac was degraded up to 36%. All the stress
conditions (except thermal) applied at 160 oC were able to degrade
both the drugs within 1 h. Comparison of the two drugs showed
that moxifloxacin was more stable compared to ketorolac. Greatest
degradation of ketorolac occurred under acidic conditions at 160 oC
whereas greatest degradation of moxifloxacin was produced under
photolytic conditions.

56.8 ± 0.9; 1.6

80

80.5 ± 1.0; 1.3

80.4 ± 1.2; 1.5

104

104.9 ± 1.6; 1.5

104.2 ± 1.8; 1.7

56

57.2 ± 0.7; 1.2

56.8 ± 0.8; 1.4

80

79.9 ± 0.9; 1.1

80.2 ± 1.0; 1.3

104

104.1 ± 1.3; 1.2

104.0 ± 1.4; 1.4

n = Average of 5 analyses

Robustness of the method was ascertained by slightly varying
the chromatographic conditions. The results showed that slight variations in chromatographic conditions had negligible effect on the
chromatographic parameters. The results of the robustness study are
given in Table 4.
Specificity of the developed method was evaluated by applying
different stress conditions (acid, base, oxidation, photolytic and

Figure 3. Chromatogram of Moxifloxacin and Ketorolac under acidic stress
at 160 oC on hot plate
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Figure 4. Chromatogram of Moxifloxacin and Ketorolac under basic stress
at 160 oC on hot plate

Figure 5. Chromatogram of Moxifloxacin and Ketorolac under oxidative
stress at 160 oC on hot plate

Quim. Nova

Figure 6. Chromatogram of Moxifloxacin and Ketorolac under photolytic
stress

In addition to the percentage degradation of each drug, a number
of degradation products (impurities) were produced under all the
stress conditions except thermal. The first degradation product (impurity) under acidic stress was produced at 4.2 min and this degradation
product was also produced under all other stress conditions, which
showed the same degradation pattern up to degradation product one.
The second degradation product produced at 4.6 min under basic
stress was also common with the degradation under photolytic conditions. The degradation product at 4.9 and 7.7 min were common
in acidic and photolytic conditions but absent under other stress
conditions. Similarly, a degradation product at 10.2 min was common
under both oxidative and photolytic conditions. There were several
other degradation products (impurities) which were unique to acidic
(6.01 min) and oxidative (7.96 min) stress conditions.
Chromatographic data of the stress-induced degradation products
are provided in Table 6. Application of the proposed method was

Table 5. Stress testing results of Moxifloxacin and Ketorolac
Nature of stress

Temperature (°C)

Time (h)

Amount of Moxifloxacin
Remaining±RSD (%)

Amount of Ketorolac
Remaining±RSD (%)

Extent of Decomposition

1 M HCl

25

19

99.3 ± 1.3

100.0 ± 0.6

None

40

1

100.0 ± 0.3

98.2 ± 1.2

None

25

19

101.2 ± 0.9

100.6 ± 0.2

None

5 M HCl

1 M NaOH
5 M NaOH

6 % H2O2

40

1

100.6 ± 0.3

99.9 ± 1.0

None

160 (HP)

1

89.4 ± 0.4 (PPI=1.0000)

41.6 ± 0.9 (PPI=1.0000)

Substantial

25

19

99.1 ± 0.7

100.2 ± 0.6

None

40

1

100.2 ± 0.3

99.4 ± 0.9

None

25

19

101.7 ± 1.1

101.3 ± 0.4

None

40

1

99.0 ± 0.4

100.1 ± 0.9

None

160 (HP)

1

94.6 ± 0.2 (PPI=1.0000)

93.7 ± 0.7 (PPI=1.0000)

Slight

25

19

101.2 ± 0.9

100.5 ± 0.5

None

40

1

99.9 ± 0.2

98.8 ± 1.8

None

160 (HP)

1

91.6 ± 0.2 (PPI=1.0000)

92.0 ± 0.9 (PPI=1.0000)

Slight

Photolytic

Sunlight

1

84.2 ± 1.6 (PPI=1.0000)

63.8 ± 1.9 (PPI=1.0000)

Substantial

Thermal

25

19

100.6 ± 0.4

101.3 ± 1.6

None

40

1

98.9 ± 1.1

102.0 ± 0.3

None

160 (HP)

1

100.0 ± 1.0 (PPI=1.0000)

100.8 ± 0.9 (PPI=1.0000)

None

n = Average of 3 determinations, HP = Hot plate, PPI = Peak Purity Index
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A simple, specific and accurate stability indicating liquid chromatographic method is established for
simultaneous determination of ofloxacin and ketorolac tromethamine in bulk drugs and
pharmaceutical formulations. Optimum chromatographic separations among ofloxacin, ketorolac and
stress-induced degradation products have been achieved within 15 min by using a BDS Hypersil C8
column (250  4.6 mm, 5 mm) as the stationary phase with methanol and phosphate buffer pH 3.0
(55 : 45 v/v) as the mobile phase at a flow rate of 0.8 mL min1. Detection is performed at 270 nm using
a diode array detector. The method is validated in accordance with ICH guidelines. The response is
a linear function of concentration over the range of 12–84 mg mL1 for ofloxacin and 20–140 mg mL1
for ketorolac tromethamine. The method results in excellent separation of analytes and their stress
induced degradation products with acceptable tailing and resolution. The peak purity index for both
the analytes after all types of stress is >0.999 indicating complete separation of both analyte peaks from
the stress induced degradation products. The method can therefore be regarded as stability-indicating.
The developed method can be applied successfully for simultaneous determination of ofloxacin and
ketorolac in pharmaceutical formulations and their stability studies.

Introduction
Ofloxacin is chemically designated as 9-fluoro-2,3-dihydro-3methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido [1,2,3-de]1,4-benzoxazine-6-carboxylic acid (Fig. 1). It is a fluoroquinolone antibacterial used topically as 0.3% eye drops for
the treatment of conjunctivitis and corneal ulcers caused by
susceptible strains of bacteria. It is also used for the treatment of
otitis externa and otitis media.1 Ketorolac tromethamine (Fig. 1)
chemically designated as ()-5-benzoyl-2,3-dihydro-1H-pyrrolizine-1-carboxylic acid, compounded with 2-amino-2-(hydroxymethyl)-1,3-propanediol, is a pyrrolizine carboxylic acid
derivative structurally related to indomethacin, which is an
NSAID, used principally as an analgesic.1
After a careful literature review it was found that ofloxacin and
ketorolac tromethamine have been analysed by various techniques either alone or in combination with other drugs. Ofloxacin has been determined by spectrophotometry,2 HPLC,3–5
through microbiological assay6 and a flow-injection method.7
Ketorolac tromethamine has also been determined by various
techniques such as flow injection analysis,8 gas chromatographymass spectrometry9 and HPLC.10–12
a
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Although the fixed dose combination of ofloxacin and ketorolac tromethamine is approved and available in the market, that
combination has not been adopted by any official pharmacopoeia. An extensive review of the literature revealed no HPLC
method for the simultaneous determination of these two drugs in
a fixed dose combination. Therefore attempts were made to
develop and validate a simple, precise, sensitive and isocratic
reverse phase high performance liquid chromatographic method
for simultaneous determination of both drugs and their stress
induced degradation products in pharmaceutical formulations.
We are currently engaged in binary combination analysis of
different classes of drugs in pharmaceutical formulations and in
human plasma.13–23 Two research methods of our research group
(simultaneous determination of gatifloxacin/moxifloxacin and
ketorolac tromethamine) have recently been accepted.22,23 One
method was developed for simultaneous determination of gatifloxacin and ketorolac in combined dosage forms and the other
was a stability indicating liquid chromatographic method for
simultaneous determination of moxifloxacin and ketorolac in

Fig. 1 Chemical structures of Ofloxacin and Ketorolac Tromethamine.
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pharmaceutical formulations. The present work aimed to
accomplish the best possible chromatographic conditions for the
concurrent determination of ofloxacin and ketorolac tromethamine in pharmaceutical formulations. The described method is
able to separate both drugs from the stress induced degradation
within 15 min, so it can be used for stability studies also.

V.

Linearity

Linear calibration plots of the proposed method were obtained
over concentration ranges of 12–84 mg mL1 (12, 24, 36, 48, 60,
72 and 84 mg mL1) for ofloxacin and 20–140 mg mL1 for
ketorolac tromethamine (20, 40, 60, 80, 100, 120 and 140 mg
mL1). Each solution was prepared in triplicate.

Materials and methods

VI.

I.

A standard addition method was used to demonstrate the
accuracy of the proposed method. For this purpose, known
quantities of ofloxacin and ketorolac tromethamine were supplemented to the sample solution previously analysed and then
experimental and true values were compared. Three levels of
solutions were made corresponding to 50, 100 and 150% of
nominal analytical concentration (48 mg mL1 of ofloxacin and
80 mg mL1 of ketorolac tromethamine).

Chemicals and reagents

Reference standards of ofloxacin and ketorolac tromethamine
with stated purities of 99.75 and 99.84% respectively were
obtained from Schazoo Zaka Laboratories (Lahore, Pakistan).
Ketlur plus eye drops claimed to contain 5 mg per mL of
ketorolac tromethamine and 3 mg per mL of ofloxacin were used
in this study. Methanol (HPLC grade), potassium dihydrogen
phosphate, phosphoric acid, triethylamine, sodium hydroxide,
hydrochloric acid and hydrogen peroxide (analytical reagent
grade) were from M.S. Traders (Agents of Fluka in Pakistan)
Lahore, Pakistan. Double distilled water was used throughout
the analysis. The mobile phase was filtered using 0.45 mm nylon
filters by Millipore (USA).

II.

Equipment and chromatographic conditions

The HPLC system consisted of a Shimadzu LC-20A system
(Kyoto, Japan) equipped with a model LC-20AT pump, a SPDM20A diode array detector (set at 270 nm), a DGU-20A5 online
degasser, and a Rheodyne injection valve with a 20 mL loop. The
experimental conditions were optimized on a BDS Hypersil C8
column (250  4.6 mm, 5 mm particle size). The mobile phase
consisted of methanol and phosphate buffer (pH 3.0) in the ratio
of 55 : 45 v/v, respectively. The phosphate buffer was prepared
by taking 2.72 g of potassium dihydrogen phosphate in 1000 mL
of water. Triethylamine (1 mL) was added to it and the pH was
then adjusted to 3.0 using phosphoric acid. The flow rate of the
mobile phase was 0.8 mL min1 and all chromatographic
experiments were performed at room temperature (25  2  C).

III.

Preparation of standard solution

A standard stock solution was prepared by accurately weighing
60 mg of ofloxacin and 100 mg of ketorolac tromethamine and
then both were dissolved in 100 mL of the mobile phase. Two
millilitres of the standard stock solution was diluted to 25 mL
with the mobile phase to prepare a working standard solution
having a concentration equal to 48 mg mL1 of ofloxacin and 80
mg mL1 of ketorolac tromethamine.

IV. Preparation of sample solution
Four millilitres of commercial eye drops (composition 3 mg mL1
ofloxacin and 5 mg mL1 ketorolac tromethamine) were diluted
to 50 mL with the mobile phase. Five millilitres of this solution
was then diluted to 25 mL with the mobile phase to obtain
a concentration equal to 48 mg mL1 of ofloxacin and 80 mg mL1
of ketorolac tromethamine.
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VII.

Accuracy

Precision

Repeatability was studied by determination of intra-day and
inter-day precision. Intra-day precision was determined by
injecting five standard solutions of three different concentrations
on the same day and inter-day precision was determined by
injecting the same solutions for three consecutive days. The
relative standard deviation (RSD%) of the peak area was then
calculated to represent precision.
VIII.

Specificity (stress testing)

Stress testing was carried out using different ICH prescribed
stress conditions such as acidic, basic, oxidative, thermal and
photolytic stresses. All stress studies were performed in 25 mL
volumetric flasks.
(I) Acid degradation studies. Acid degradation studies were
performed under three different temperature conditions using 1
N HCl and 5 N HCl. For this purpose, 2 mL of the standard
stock solution was taken in five different 25 mL volumetric
flasks. Two millilitres of 1 N HCl was added in the two flasks and
one flask was kept at room temperature for 20 h and the other at
40  C for 1 h. In each of the remaining three 25 mL volumetric
flasks, 2 mL of 5 N HCl was added. Out of these three flasks, one
was kept at room temperature for 20 h, one at 40  C for 1 h and
the third was heated at 160  C on a hot plate for 1 h. After
completion of the stress tests, all the solutions were neutralized
by using 1 N and 5 N NaOH and completed up to the mark with
the mobile phase.
(II) Base degradation studies. Base degradation studies were
performed under three different temperature conditions using 1
N NaOH and 5 N NaOH. For this purpose, 2 mL of the standard
stock solution was taken in five different 25 mL volumetric
flasks. Two millilitres of 1 N NaOH was added in the two flasks
and one flask was kept at room temperature for 20 h and the
other at 40  C for 1 h. In each of the remaining three 25 mL
volumetric flasks, 2 mL of 5 N NaOH was added. Out of these
three flasks, one was kept at room temperature for 20 h, one at 40

C for 1 h and the third was heated at 160  C on a hot plate for 1
This journal is ª The Royal Society of Chemistry 2012

h. After completion of the stress tests, all the solutions were
neutralized by using 1 N and 5 N HCl and completed up to the
mark with the mobile phase.
(III) Oxidative degradation studies. Oxidative degradation
studies were performed under three different temperature
conditions using 6% H2O2. For this purpose, 2 mL of the standard stock solution was taken in three different 25 mL volumetric flasks. Two millilitres of 6% H2O2 was added to each of
these flasks and one flask was kept at room temperature for 20 h,
the second at 40  C for 1 h and the third was heated at 160  C on
a hot plate for 30 min. After completion of the stress tests, all the
solutions were completed up to the mark with the mobile phase.
(IV) Thermal degradation studies. Thermal degradation
studies were performed under three different temperature
conditions. For this purpose, 2 mL of the standard stock solution
was taken in three different 25 mL volumetric flasks. One of the
volumetric flasks was kept at room temperature for 20 h and one
at 40  C for 1 h. The third 25 mL volumetric flask was heated at
160  C on a hot plate for 1 h. After completion of the stress, all
the solutions were completed up to the mark with the mobile
phase.
(V) Photolytic degradation studies. For photolytic degradation, 2 mL of the standard stock solution was placed in direct
sunlight for 1 h.
IX. Robustness
Premeditated variations were performed under the experimental
conditions of the proposed method to assess the method’s
robustness. With this intention, minor changes were made in the
mobile phase composition, flow rate and pH of the buffer solution. The effect of these changes on chromatographic parameters
such as retention time, tailing factor and number of theoretical
plates was then measured.
X. Limit of detection and limit of quantitation
To calculate Limit of Detection (LOD) and Limit of Quantification (LOQ) values, sequential dilutions were done and analysed by the proposed method. The LOD and LOQ were then
established by evaluating the level (signal to noise ratio of 3 : 1
and 10 : 1 respectively) at which the analytes can be readily
detected and quantified with accuracy.

Results and discussion
I.

Method development and optimisation

Many researchers used a silica-based column in RP-HPLC in the
separations of active pharmaceutical ingredients. However, this
suffers from some drawbacks, i.e. basic nitrogen containing
analytes are often attached to the exposed silanol groups and this
results in peak tailing. In this work a simple, sensitive and specific
RP-HPLC method for simultaneous determination of ofloxacin,
ketorolac and their stress induced degradation products is
described. A series of experiments were performed to optimize
This journal is ª The Royal Society of Chemistry 2012

the chromatographic conditions, i.e. mobile phase composition,
pH of the mobile phase and selection of the stationary phase.
II.

Optimization of mobile phase, stationary phase and pH

For optimization of the chromatographic conditions and to
obtain symmetrical peaks with better resolution with no peak
impurity, various chromatographic conditions such as mobile
phase composition, different pH of the mobile phase, analytical
columns with different packing materials (C8, C18, phenyl, and
Cyano), and configurations (10, 15, and 25 cm columns) were
used. All these conditions were also applied for our previous
methods for ketorolac in combination with gatifloxacin and
moxifloxacin.22,23 However we were lucky enough that the same
mobile phase composition gave the best results for the ketorolac
and ofloxacin combination as well as for ketorolac with gatifloxacin or moxifloxacin. The novelty of the method is that the
same mobile phase composition can be used for the estimation of
ketorolac in combination with ofloxacin or moxifloxacin or
gatifloxacin. The process of method development was started
with different ratios (80 : 20, 70 : 30, 60 : 40 and 50 : 50) of
methanol and water (pH adjusted to 3.0, 5.0, 7.0 and 9.0). In
order to obtain symmetrical peaks the methanol and water
mobile phase was tried on four different stationary phases
(Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS Cyano and
Hypersil BDS phenyl-2) at four different pH values (3.0, 5.0, 7.0
and 9.0).
The variations in the mobile phase composition and pH had
considerable effects on the chromatographic parameters like
peak shape, tailing factor, capacity factor, resolution and separation efficiency. With the methanol : water mobile phase
Hypersil BDS Cyano provided symmetrical peaks of ofloxacin at
pH 5.0, 7.0 and 9.0 but tailed peaks of ketorolac (tailing more
than 1.92) at all four pH values. Similar is the case with other
columns. Then the polarity of the mobile phase was increased by
using an appropriate buffer instead of water with methanol.
Potassium phosphate and acetate buffers were tried for this
purpose. Broad peaks of ofloxacin and ketorolac tromethamine
were obtained with acetate buffer as compared to phosphate
buffer. An increase in the temperature of the column oven to 45

C had no effect on peak broadening.
Further method development was done by using different
mixtures of methanol and potassium phosphate buffer at four
different pH values, 3.0, 5.0, 7.0 and 9.0, using the same four
columns. Different molarities of the phosphate buffer were tried
to obtain symmetrical peaks of the analytes in a short time period
for fast analysis. Finally 0.02 M phosphate buffer with methanol
gave good separation efficiency and resolution of analytes with
reasonable retention time.
With a methanol : phosphate buffer (0.02 M) mobile phase
Hypersil BDS Cyano provided symmetrical peaks of ofloxacin
(pH 5.0, 7.0 and 9.0) and tailed peaks of ketorolac at all four pH
values. The asymmetry factor of the ketorolac peak was more
than 1.5. Adjustment of the organic modifier and buffer amount
did not improve the peak tailing of ketorolac. Hypersil BDS
phenyl-2, Hypersil BDS C8 and Hypersil ODS C18 stationary
phases provided bad peaks of both the analytes or no peak of
ketorolac at all four pH values, 3.0, 5.0, 7.0 and 9.0, with the
methanol and phosphate buffer mobile phase. Both the drugs
Anal. Methods, 2012, 4, 2121–2126 | 2123

Fig. 2 Chromatogram of ofloxacin and ketorolac in pharmaceutical formulations.

showed a peak tailing problem with methanol and 0.02 M
phosphate buffer. In order to overcome the peak tailing problems of ofloxacin and ketorolac with the stationary phases, it was
decided to use an ion pair reagent. Sodium 1-heptane sulphonate
was tried for this purpose but the problem still existed. Then it
was decided to add a silanol blocker triethylamine (TEA) in the
mobile phase. Different amounts of triethylamine in the mobile
phase were tried to obtain symmetrical peaks of both the analytes. The amount of TEA was optimized to be 0.1% v/v (i.e. 1
mL per 1000 mL buffer). Different combinations were then tried
to optimize the conditions under different pH values using
different stationary phases.
A methanol : 0.02 M phosphate buffer (55 : 45, respectively)
with TEA, pH 3.0 mobile phase was finally selected which
provided reduced peak tailing and acceptable peak purity index
of ofloxacin and ketorolac using the BDS Hypersil C8 column as
the stationary phase. Under these conditions symmetrical and
sharp peaks of ofloxacin and ketorolac were obtained (Fig. 2).

LOQ was found to be 0.40 mg mL1 and 0.77 mg mL1 for
ofloxacin and ketorolac tromethamine respectively (signal to
noise ratio of 10 : 1).
The accuracy of the method was determined by the standard
addition technique. Three levels of solutions (50, 100 and 150%)
of the nominal analytical concentrations were prepared.
Percentage recoveries along with standard deviation and relative

III.

a

Analytical method validation

The developed chromatographic method was validated using
ICH guidelines.24 Validation parameters include linearity, accuracy, precision, robustness, specificity, and limit of detection and
quantitation.
Linear calibration plots for the proposed method were
obtained in the concentration range of 12–84 mg mL1 for
ofloxacin (12, 24, 36, 48, 60, 72 and 84 mg mL1) and 20 to 140 mg
mL1 for ketorolac tromethamine (20, 40, 60, 80, 100, 120 and
140 mg mL1). The linear regression equation for ofloxacin was
found to be Y ¼ 50 653X + 28 571 with the correlation coefficient
equal to 0.9998 whereas for ketorolac, it was Y ¼ 36 728X +
24 000 with the correlation coefficient equal to 0.9999.
The limits of detection (LOD) and quantitation (LOQ) were
determined by making serial dilutions. The LOD was found to be
0.12 mg mL1 and 0.23 mg mL1 for ofloxacin and ketorolac
tromethamine respectively (signal to noise ratio of 3 : 1). The
2124 | Anal. Methods, 2012, 4, 2121–2126

Table 1 Accuracy of the proposed HPLC methoda

Drugs
Ofloxacin
Ketorolac

Spiked
concentration
(mg mL1)

Measured concentration
(mg mL1)  SD; RSD (%)

Recovery
(%)

24
48
72
40
80
120

23.7  0.2; 0.9
48.6  0.4; 0.8
72.2  0.9; 1.2
40.5  0.4; 1.1
81.2  1.0; 1.3
121.7  1.0; 0.9

98.6
101.2
100.3
101.2
101.5
101.4

n ¼ Average of 5 analyses.

Table 2 Intra-day and inter-day precision of the proposed HPLC
methoda
Intra-day precision

Drugs
Ofloxacin

Actual
Measured
Measured
concentration concentration  SD; concentration  SD;
(mg mL1)
RSD (%)
RSD (%)

24
48
72
Ketorolac 40
80
120

a

Inter-day precision

24.4  0.3; 1.2
47.7  0.5; 1.0
71.8  0.1; 0.2
40.1  0.5; 1.3
79.4  0.9; 1.1
121.1  1.4; 1.2

24.0  0.32; 1.3
48.4  0.6; 1.1
71.1  1.1; 1.5
40.4  0.5; 1.1
80.2  0.2; 0.3
120.0  1.3; 1.1

n ¼ Average of 5 analyses.
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Fig. 3 Chromatogram of ofloxacin and ketorolac under oxidative stress at 160  C on a hot plate.

standard deviations for each analyte (n ¼ 5) are given in Table 1.
Recovery studies showed the method to be highly accurate and
suitable for the intended use.
Intra-day precision was determined by injecting five standard
solutions of three different concentrations on the same day (n ¼
5) and inter-day precision was determined by injecting the same
solutions for three consecutive days. Relative standard deviation
(RSD%) of the peak area was calculated to represent precision.
The results of intra-day and inter-day precision are presented in
Table 2.
The robustness of the method was determined by slightly
varying the chromatographic conditions. The results (assay,
tailing factor, theoretical plates and resolution) showed that
slight variations in chromatographic conditions had negligible

effect on the chromatographic parameters. It was thus concluded
that the method is robust for the intended use.
Specificity of the developed method was evaluated by applying
different stress conditions (acid, base, oxidation, thermal and
photolytic) to ofloxacin and ketorolac tromethamine in
a combination form. A representative chromatogram of the
oxidative stress degradation study is shown in Fig. 3. From the
results of the stress studies it is evident that under mild conditions
both drugs were not degraded and remain intact except under
photolytic conditions where ofloxacin was degraded up to 8.53%
whereas ketorolac was degraded up to 39.15%. All the stress
conditions (except basic and thermal) applied at 160  C (hot
plate) were enough to degrade both the drugs within 1 h.
Comparison of the two drugs showed that ofloxacin was more

Table 3 Stress testing results of ofloxacin and ketorolac tromethaminea
Amount of ofloxacin

Amount of ketorolac

Nature of stress

Temperature ( C)

Time (h)

Remaining  RSD (%)

Remaining  RSD (%)

Extent of decomposition

1 N HCl

25
40
25
40
160 (HP)
25
40
25
40
160 (HP)
25
40
160 (HP)
Sunlight
25
40
160 (HP)

20
1
20
1
1
20
1
20
1
1
20
1
0.5
1
20
1
1

100.3  1.4
100.8  1.1
99.2  1.9
100.6  1.3
77.5 ± 1.2 (PPI ¼ 1.0000)
100.1  1.6
101.2  1.0
100.7  1.2
100.0  1.4
98.1 ± 0.2 (PPI ¼ 1.0000)
100.2  1.1
101.0  1.0
94.4 ± 1.0 (PPI ¼ 1.0000)
91.5 ± 1.4 (PPI ¼ 1.0000)
101.6  0.4
100.0  1.1
101.0 ± 1.0 (PPI ¼ 1.0000)

101.0  0.6
99.2  1.2
101.6  0.2
101.0  1.0
53.7 ± 1.2 (PPI ¼ 1.0000)
99.4  1.6
99.4  1.9
101.3  0.5
100.1  1.0
97.2 ± 0.7 (PPI ¼ 1.0000)
100.7  1.5
100.8  1.8
92.7 ± 1.5 (PPI ¼ 1.0000)
60.8 ± 1.8 (PPI ¼ 1.0000)
100.3  1.3
102.0  1.0
100.1 ± 1.8 (PPI ¼ 1.0000)

None
None
None
None
Substantial
None
None
None
None
None
None
None
Slight
Substantial
None
None
None

5 N HCl
1 N NaOH
5 N NaOH
6% H2O2
Photolytic
Thermal

a

n ¼ Average of 3 determinations, HP ¼ Hot Plate, PPI ¼ Peak Purity Index.
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Table 4 Assay results of ofloxacin and ketorolac tromethamine in
commercial eye dropsa

Products

Ingredient

Ketlur plus

Ofloxacin
Ketorolac
tromethamine

a

Label value
(mg per mL)

Found
(mg)

Recovery 
RSD (%)

6

3
5

3.0
5.1

100.0  0.4
102.0  0.90

7
8

n ¼ Average of 10 determinations.
9

stable as compared to ketorolac. The greatest degradation of
ketorolac tromethamine (46.33%) and ofloxacin (22.47%)
occurred under acidic conditions at 160  C (hot plate). The
results are given in Table 3.
In addition to the percentage degradation of each drug,
a number of degradation products (impurities) were produced
under acidic, oxidative and photolytic stress conditions. The
stress induced degradation products (impurities) were unique to
acidic (7.93 and 9.47 min), oxidative (3.82, 6.16, and 10.82 min)
and photolytic (5.10, 6.09, 7.17, and 8.45) stress conditions.
Application of the proposed method was checked by analyzing
ofloxacin and ketorolac in commercially available pharmaceutical products. The results are provided in Table 4 which show
high percentage recoveries and low RSD (%) values for both
analytes.

Conclusions
A simple, sensitive, isocratic and accurate reverse phase HPLC
method has been described for simultaneous determination of
ofloxacin and ketorolac tromethamine in pharmaceutical
formulations. The proposed method was validated by testing its
linearity, accuracy, precision, limits of detection and quantitation, and specificity. The method was good enough to separate
the peaks of active pharmaceutical ingredients (APIs) from the
degradation products (produced during forced degradation
studies). It is also clear from the chromatograms that both the
active ingredient peaks under all the stress conditions were free
from any sort of degradation impurities. All these convince us to
conclude that the method can be successfully used for any sort of
stability and validation studies.

10
11

12

13

14
15

16

17

18

19

20

References
1 J. E. F. Reynolds and Royal Pharmaceutical Society of Great Britain,
Martindale. The Extra Pharmacopoeia, Pharmaceutical Press,
London, 36th edn, 2009, p. 74 and p. 310.
2 M. A. Abbasi, S. H. Ali, M. Ashfaq, A. U. Rehman, M. Jahangir,
M. Z. Qureshi, S. Z. Siddiqui and V. U. Ahmad, 2,7Dicholorofluorescein: a suitable complexing agent for the
spectrophotometric determination of ofloxacin in pure and
pharmaceutical dosage forms, J. Chem. Soc. Pak., 2010, 32, 172–175.
3 C. Maraschiello, E. Cusid
o, M. Abellan and J. Vilageliu, Validation
of an analytical procedure for the determination of the
fluoroquinolone ofloxacin in chicken tissues, J. Chromatogr., B:
Biomed. Sci. Appl., 2001, 754, 311–318.
4 T. Ohkubo, M. Kudo and K. Sugawara, Determination of ofloxacin
in human serum by high-performance liquid chromatography with
column switching, J. Chromatogr., 1992, 573, 289–293.
5 D. Fabre, F. Bressolle, J. M. Kinowski, O. Bouvet, F. Paganin and
M. Galtier, A reproducible, simple and sensitive HPLC assay for

2126 | Anal. Methods, 2012, 4, 2121–2126

21

22

23

24

determination of ofloxacin in plasma and lung tissue: application in
pharmacokinetic studies, J. Pharm. Biomed. Anal., 1994, 12, 1463–
1469.
L. D. Ev and E. E. S. Schapoval, Microbiological assay for
determination of ofloxacin injection, J. Pharm. Biomed. Anal., 2002,
27, 91–96.
Y. Rao, Y. Tong, X. R. Zhang, G. Luo and W. R. G. Baeyens,
Determination of ofloxacin using a chemiluminescence flowinjection method, Anal. Chim. Acta, 2000, 416, 227–230.
B. V. Kamath, K. Shivram and A. C. Shah, Determination of
diclofenac sodium, famotidine and ketorolac tromethamine by flow
injection analysis using dichloronitrophenol, J. Pharm. Biomed.
Anal., 1994, 12, 343–346.
B. K. Logan, N. P. Friel, K. L. Peterson and D. B. Predmore, Analysis
of ketorolac in postmortem blood, J. Anal. Toxicol., 1995, 19,
61–64.
J. A. Squella, I. Lemus, J. C. Sturm and L. J. Nunez-Vergara,
Voltammetric behaviour of ketorolac and its HPLC-EC
determination in tablets, Anal. Lett., 1997, 30, 553–564.
L. Franceschi, S. D’arnco and M. Furlanut, A simple and sensisitive
HPLC method to monitor serum and synovial fluid concentrations of
ketorolac in reumathologic patients, J. Bioanal. Biomed., 2010, 2,
121–124.
A. M. Qandil, B. M. Tashtoush, B. M. Al-Taani, S. M. Al-Nabulsi
and F. Al-Zogout, Simultaneous RP-LC determination of ketorolac
and its piperazinylalkyl ester prodrugs, Chromatographia, 2008, 67,
287–291.
S. S. Qutab, S. N. Razzaq, M. Ashfaq, Z. A. Shuja and I. U. Khan,
Simple and sensitive LC-UV method for simultaneous analysis of
hydrochlorothiazide and candesartan cilexetil in pharmaceutical
formulations, Acta Chromatogr., 2007, 19, 119–129.
M. Ashfaq, I. U. Khan, S. S. Qutab and S. N. Razzaq, HPLC
determination of ezetimibe and simvastatin in pharmaceutical
formulations, J. Chil. Chem. Soc., 2007, 52, 1220–1223.
S. S. Qutab, S. N. Razzaq, I. U. Khan, M. Ashfaq and Z. A. Shuja,
Simultaneous determination of atorvastatin calcium and ezetimibe
in pharmaceutical formulations by liquid chromatography, J. Food
Drug Anal., 2007, 15, 139–144.
M. Ashfaq, I. U. Khan and M. N. Asghar, Development and
validation of liquid chromatographic method for gemfibrozil and
simvastatin in binary combination, J. Chil. Chem. Soc., 2008, 53,
1617–1619.
I. U. Khan, S. Sharif, M. Ashfaq and M. N. Asghar, Simultaneous
determination of potassium clavulanate and cefixime in synthetic
mixtures by high performance liquid chromatography, J. AOAC
Int., 2008, 91, 744–749.
S. S. Qutab, S. N. Razzaq, M. Ashfaq, I. U. Khan and
A. M. Mumtaz, Simultaneous quantitation of olmesartan
medoximil and amlodipine besylate in combined tablets using
HPLC, J. Chil. Chem. Soc., 2009, 54, 234–237.
I. U. Khan, S. M. S. Jillani and M. Ashfaq, Determination of
atorvastatin and gemfibrozil in human plasma by reversed-phase
liquid chromatography, Lat. Am. J. Pharm., 2010, 29, 1383–
1388.
I. U. Khan, T. Kausar, M. Ashfaq and S. Sharif, Development and
validation of liquid chromatographic method for the simultaneous
estimation of ezetimibe and lovastatin in human plasma, J. Chil.
Chem. Soc., 2010, 55, 461–464.
S. Sharif, I. U. Khan, M. Ashfaq, M. S. Iqbal and S. Ahmad,
Development and validation of a high performance liquid
chromatographic method for the simultaneous determination of
potassium clavulanate and cefadroxil in synthetically prepared
tablets, J. Anal. Chem., 2010, 65, 1029–1034.
S. N. Razzaq, I. Mariam, I. U. Khan and M. Ashfaq, Development
and validation of liquid chromatographic method for gatifloxacin
and ketorolac tromethamine in combined dosage form, J. Liq.
Chromatogr. Relat. Technol., 2012, 35, 651–661.
S. N. Razzaq, M. Ashfaq, I. U. Khan and I. Mariam, Development
and validation of liquid chromatographic method for moxifloxacin
and ketorolac tromethamine in combined dosage form, Quim. Nova,
in press.
ICH (Q2B), Note for Guidance on Validation of Analytical Procedures:
Methodology. International Conference on Harmonization, IFPMA,
Geneva, 1996.

This journal is ª The Royal Society of Chemistry 2012

J. Chil. Chem. Soc., 57, Nº 4 (2012)

DEVELOPMENT AND VALIDATION OF LIQUID CHROMATOGRAPHIC METHOD FOR NAPROXEN AND
ESOMEPRAZOLE IN BINARY COMBINATION
a

SYED NAEEM RAZZAQ, bMUHAMMAD ASHFAQ*, aISLAM ULLAH KHAN AND cIRFANA MARIAM

Materials Chemistry Laboratory, Department of Chemistry, Faculty of Science and Technology, Government College University, Lahore-54000, Pakistan
b
Department of Chemistry, University of Gujrat, Gujrat-50700, Pakistan
c
Department of Chemistry, Queen Marry College, Lahore-54000 Pakistan

a

ABSTRACT
The present study reports the development and validation of a simple, economic and sensitive HPLC method for the concurrent determination of naproxen
and esomeprazole in pharmaceutical formulations. Isocratic chromatography was performed with C-18 column and mixture of phosphate buffer (pH 6.1) and
acetonitrile in ratio of (40:60, v/v) at 1.5 mlmin-1. The eluents were monitored at 302 nm using UV detector. The method was isocratic in the range of 9.38 to 300
µgml-1 for naproxen and 0.5 to 16 µgml-1 for esomeprazole. Validation of the method was performed by testing parameters like linearity, accuracy, precision,
robustness, specificity, LOD and LOQ values. In the specificity the drugs were subjected to forced degradation studies like acidic, basic, oxidative and thermal
stresses. Both the analytes were separated within three minutes. As the method separates the degradation products produced during forced degradation studies from
the active analytes so it can be used not only for regular determination of naproxen and esomeprazole but also for their stability studies.
Key words: HPLC, acetonitrile, isocratic, specificity, forced degradation study.

1-INTRODUCTION
Naproxen (Fig.1) chemically designated as [(S)-6-methoxy-alpha-methyl2-naphthaleneacetic acid] is non-steroidal anti-inflammatory medicine that
demonstrates both antipyretic and analgesic behavior [1-4]. It can be used for
the remedy of various diseases, such as rheumatoid arthritis, juvenile rheumatoid
arthritis, ankylosing spondylitis, osteoarthritis, primary dysmenorrheal and
acute gout [5]. After taken orally, naproxen is partially metabolized to its
6-O-desmethylated active metabolite. Both the drug and its metabolite are then
excreted through urine either as unchanged or in conjugation with sulphate or
glucoronic acid [6-8].

29].

A careful literature survey did not reveal any single analytical technique for
the determination of naproxen and esomeprazole simultaneously. Therefore,
attempts were made to develop and validate an isocratic reverse phase HPLC
method to determine both drugs simultaneously. We are currently engaged in
binary combination analysis of different classes of drugs in synthetic mixtures
and in pharmaceutical formulations [30-39]. The present work is therefore,
aimed to attain the optimum chromatographic conditions for the determination
of naproxen and esomeprazole simultaneously.
We describe in this paper a simple, cheap, sensitive and validated HPLC
method with run time less than 3 minutes for the determination of naproxen and
esomeprazole simultaneously in pharmaceutical formulations. The developed
method can be applied to routine quality control analysis of drugs and for other
analytical purposes.

2-EXPERIMENTAL

Fig.1. Chemical structure of naproxen.
Esomeprazole magnesium (Fig. 2) is a proton pump inhibitor chemically
designated as bis(5-methoxy-2-[(S)-[(4-methoxy-3,5-dimethyl-2-pyridinyl)
methyl]sulfinyl]-1H-benzimidazole-1-yl) magnesium trihydrate [9-10].
It is an optical isomer used for acid related diseases [11]. Esomeprazole is
ultimately converted to its two metabolites, esomeprazole sulphone and
5-hydroxyesomeprazole [12].

Fig.2. Chemical structure of esomeprazole magnesium.
Both naproxen and esomeprazole have been analysed by various techniques
either alone or in combination with other drugs. The analytical methods existed
for naproxen includes determination by capillary electrophoresis [13–15],
spectrophotometry [16], micellar electrokinetic capillary chromatography [1718], HPLC [19-20] and spectrofluorometry [21-25]. Compared to naproxen
only few analytical methods exist for the determination of esomeprazole [26–
e-mail: ashfaqchemist@hotmail.com

2.1 Chemicals and Reagents
Reference standards of both naproxen and esomeprazole with claimed
percentage purity of 99.62 and 99.71 % respectively were kindly gifted by
Schazoo Zaka Laboratories (Lahore, Pakistan). Acetonitrile (chromatography
grade), dipotassium hydrogen phosphate, potassium dihydrogen phosphate,
sodium hydroxide, hydrochloric acid and hydrogen peroxide (analytical
reagent grade) were procured from Fluka (Lahore, Pakistan). Double distilled
water (prepared in our laboratory) was used for all the analysis. Filtration of
the mobile phase was done using 0.45m nylon filters procured from Millipore
(USA).
2.2 Apparatus and chromatographic conditions
HPLC experiments were carried on a LC-20A system (Shimadzu, Japan)
which was equipped with a 20AT pump, M20A UV-Visible detector, 20A
degasser, CTO-20A column oven, and Rheodyne injection valve with a 20
mL loop. All the detections were performed at 302 nm and peak areas were
calculated using Shimadzu Class VP HPLC software. Reversed-phase Hypersil
ODS C18 column (250 × 4.6 mm, 5 mm particle size) at room temperature was
used for carrying out all experiments. Mobile phase was prepared by mixing
acetonitrile and phosphate buffer (pH 6.1) in ratio of (60:40, v/v). Buffer
preparation was made by taking 2.72 g of potassium dihydrogen phosphate and
0.525 g of dipotassium hydrogen phosphate in 1000 ml of water and sonicated
to dissolve. An external standard method was used isocratically and the flow
rate of the mobile phase was 1.5 mlmin-1.
2.3 Preparation of standard solutions
To prepare the standard solution, 187.5 mg of naproxen and 10 mg of
esomeprazole were transferred to 25 ml volumetric flask. 20 ml of 0.1 N
sodium hydroxide was added and sonicated for 10 minutes to dissolve both
the drugs. After dissolution, the volume was made up to the mark with same
1199
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solvent. 1 ml of this solution was then diluted to 50 ml with mobile phase. This
furnished the concentrations of final solution equal to 150 µgml-1 naproxen and
8 µgml-1 esomeprazole.
2.4 Preparation of sample solution
The average weight of accurately weighed twenty tablets was determined
and then these tablets were manually milled using pestle and mortar to a
homogenized powder. An amount of the milled tablets equal to 187.5 mg
naproxen and 10 mg of esomeprazole was transferred to a 25ml volumetric
flask containing 20 ml of 0.1N sodium hydroxide and sonicated for ten
minutes to extract all the drugs from the excipients. The solution was cooled
and then filtered. The filtrate was then diluted 50 times with mobile phase.
The final concentration thus achieved was 150µgml-1 naproxen and 8µgml-1
esomeprazole.
2.5 Linearity
The calibration curves were prepared to evaluate linearity. For this
purpose seven different concentrations in the range of 9.38 to 300 µgml-1 for
naproxen (9.38, 37.5, 75, 112.5, 150, 225 and 300 µgml-1) and 0.5 to 16 µgml1
for esomeprazole (0.5, 2, 4, 6, 8, 12 and 16 µgml-1) were used. Triplicate
measurements of each concentration were performed.
2.6 Limit of detection and limit of quantitation
To calculate the limit of detection (LOD) and limit of quantitation (LOQ),
number of solutions with decreasing concentrations were prepared and then
analysed. LOD and LOQ were then measured by evaluating the level at which
the analyte can be readily detected (S/N 3:1) and quantified (S/N 10:1) with
accuracy, respectively.
2.7 Accuracy
For carrying out accuracy, known quantities of the naproxen and
esomeprazole standard solutions were added to the sample solutions that were
previously quantified. Both the results were then compared. Three levels of
solutions in the range of 50 - 150 % of the nominal analytical concentration.
i.e. 150µgml-1 naproxen and 8µgml-1 esomeprazole were prepared and analyzed
for this purpose.
2.8 Robustness
Robustness is ability of a chromatographic method to give almost same
results under somewhat different experimental conditions. To perform this
parameter, small changes in the composition of the mobile phase, flow rate
and pH of the buffer solution were made. Percentage recovery along with
chromatographic parameters such as tailing factor, retention time and number
of theoretical plates were calculated at those changed conditions.
2.9 Forced degradation study
For specificity demonstration, acidic, basic, oxidative and thermal stresses
were applied as recommended by ICH.
For oxidative degradation study, 1ml of the stock standard solution was
mixed with 0.5 ml of hydrogen peroxide, kept for one hour at room temperature
and then diluted up to 50 ml with mobile phase. For thermal degradation, 1ml
of the standard stock solution was refluxed for 1hour, cooled and then diluted
up to 50 ml with mobile phase. For acidic degradative study, equal volumes of
standard stock solution and 1 M hydrochloric acid were mixed, kept at room
temperature, neutralized with 1M NaOH after one hour and then diluted to 50
ml with mobile phase. For basic degradation, equal volumes of standard stock
solution and 1 M NaOH were mixed at room temperature, neutralized with 1M
HCl after one hour and then diluted to 50 ml with mobile phase. The stressed
samples were analyzed by the developed method and the percentage recovery
under every condition was calculated.

3-RESULTS AND DISCUSSION
In this work we presented a simple, fast, sensitive and accurate HPLC
method for simultaneous determination of naproxen and esomeprazole in
pharmaceutical formulations. During this study, main purpose was to use
simple mobile phase that elute components with shorter retention time,
acceptable tailing and good resolution between the naproxen, esomeprazole
and the degradation products. Different mobile phases were tried to achieve
the desired goal. After a long way investigation, the optimum conditions
were found to be phosphate buffer (pH 6.1) and acetonitrile in ratio of (40:60,
v/v). Upon applying these chromatographic conditions, well-resolved peaks
were achieved at retention times of 1.75 and 2.29 minutes for naproxen and
esomeprazole, respectively. The chromatograms representing naproxen and
esomeprazole peaks are given in Fig. 3 and Fig. 4.
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Fig. 3. Chromatogram of Naproxen and Esomeprazole reference standard

Fig. 4. Chromatogram of Naproxen and Esomeprazole in pharmaceutical
formulations.
ICH guidelines were implemented for the validation of the method [40].
Validation of the method was performed by testing parameters like linearity,
accuracy, precision, robustness, specificity, LOD and LOQ values.
The calibration curves were prepared to evaluate linearity. For this
purpose seven different concentrations in the range of 9.38 to 300 µgml-1 for
naproxen (9.38, 37.5, 75, 112.5, 150, 225 and 300 µgml-1) and 0.5 to 16 µgml1
for esomeprazole (0.5, 2, 4, 6, 8, 12 and 16 µgml-1) were used. The linear
regression equation for naproxen was Y= 22495.12X + 677.65 with value of
“r” equal to 0.998 whereas for esomeprazole, it was Y= 5321.52 X + 260.97
with value of “r” equal to 0.999.
To calculate the limit of detection (LOD) and limit of quantitation (LOQ),
a number of solutions with decreasing concentrations were prepared and then
analysed. The LOD was found to be 0.12 µgml-1 and 0.09 µgml-1 for naproxen
and esomeprazole respectively with S/N ratio of 3:1. LOQ was found to be
0.40 µg/ml and 0.31 µg/ml for naproxen and esomeprazole, respectively with
S/N ratio of 10:1.
For carrying out accuracy, known quantities of the naproxen and
esomeprazole standard solutions were added to the sample solutions that were
previously quantified. Both the results were then compared. Three levels of
solutions in the range of 50 - 150 % of the nominal analytical concentrations
were prepared and analyzed for this purpose. Percentage recoveries given in
Table 1 suggest the method to be highly accurate.
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Table.1. Accuracy of the proposed HPLC method.

Intra and Inter day precision was performed to validate the precision of
the proposed method. It was calculated in terms of Relative standard deviation
(RSD %) of the results obtained within the day and between the days. The
results of intra-day and inter-day precision are presented in Table 2.
Table.2. Intra-day and Inter day precision of the proposed HPLC method.

Table 3b: Robustness study of Naproxen.
For specificity demonstration, acidic, basic, oxidative and thermal stresses
were applied as recommended by ICH. Under oxidative stress, esomeprazole
was degraded up to 65 % whereas no degradation occurred for naproxen and
the drug remains almost intact during this treatment. In case of thermal stress
esomeprazole was degraded up to 6 % and no degradation for naproxen. In
acidic environment esomeprazole was degraded up to 90 % and again no
degradation for naproxen. Under basic conditions both the drugs remain intact
and no degradation occurred for both the drugs. From the stress studies it is
evident that naproxen is more stable under applied stress conditions whereas
esomeprazole is more vulnerable to degradation and degraded easily especially
under acidic and oxidative stress. The chromatograms under different stress
conditions are represented in Figures 5-8.

For performing robustness, small changes in the composition of the mobile
phase, flow rate and pH of the buffer solution were made. Percentage recovery
along with chromatographic parameters such as tailing factor, retention
time and number of theoretical plates were calculated at those modified
conditions. The results are given in Table 3a and 3b. The results showed that
slight variations in chromatographic conditions had negligible effects on the
chromatographic parameters. It was thus concluded that the method is robust
for the intended use.
Table 3a: Robustness study of Esomeprazole.
Fig. 5. Chromatogram of Naproxen and Esomeprazole under oxidative
stress

Fig. 6. Chromatogram of Naproxen and Esomeprazole under thermal stress
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11.
12.
13.
14.
15.
16.
17.

Fig. 7. Chromatogram of Naproxen and Esomeprazole under acidic stress

18.
19.
20.
21.
22.
23.
24.
25.
26.
27
28.
29.
30.
31.
32.
33.
34.

Fig. 8. Chromatogram of Naproxen and Esomeprazole under basic stress

4-CONCLUSION
A simple, fast, sensitive, isocratic and accurate reverse phase HPLC
method has been described for simultaneous determination of naproxen and
esomeprazole in pharmaceutical formulations. The proposed method was
validated by testing its linearity, accuracy, precision, limits of detection and
quantitation and specificity. The method was straightforward and simpler
than the commonly used HPLC methods involving ion pair or derivatization.
The method was good enough to separate the peaks of active pharmaceutical
ingredients (APIs) from the degradation products. Shorter run time i.e., less
than three minutes allows its suitability not only for routine determination of
naproxen and esomeprazole but also for stability studies.
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PARACETAMOL IN PHARMACEUTICAL FORMULATIONS
USING STABILITY INDICATING HPLC METHOD
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Irfana Mariam3
1
Department of Chemistry, Government College University, Lahore, Pakistan
2
Department of Chemistry, H.H. Campus, University of Gujrat, Gujrat, Pakistan
3
Department of Chemistry, Queen Marry College, Lahore, Pakistan

& A fast, simple, specific, and accurate stability indicating liquid chromatographic method is
described for simultaneous determination of piroxicam and paracetamol in bulk drugs and pharmaceutical formulations. Optimum chromatographic separations among the piroxicam, paracetamol, and
stress-induced degradation products were achieved within 6 min by using a Hypersil BDS C8 column
as stationary phase with acetonitrile and 0.02 M phosphate buffer pH 3.0 (60:40, v=v) as the mobile
phase at a flow rate of 1.0 mL min1 with detection using a diode array detector at 254 nm. ICH guidelines were used to validate the developed method. Linearity was from 1.6–6.4 lg mL1 for piroxicam
and 26–104 lg mL1 for paracetamol. All the analytes including the degradation products were separated with acceptable peak tailing and resolution. The peak purity index for both the analytes after all
types of stress is >0.999, indicating complete separation of both analytes peaks from the stress induced
degradation products. The developed method can be successfully used for simultaneous determination of
piroxicam and paracetamol in pharmaceutical formulations and stability studies.
Keywords ICH guidelines, nonsteroidal anti-inflammatory drugs, paracetamol, piroxicam, reverse phase liquid chromatography, stress induced degradation products

INTRODUCTION
Piroxicam is an oxicam derivative, commonly used as a nonsteroidal
anti-inflammatory (NSAIDs) drug. It is chemically designated as
(8E)-8-[hydroxy-(pyridin-2-ylamino)methylidene]-9-methyl-10,10-dioxo-10k6thia-9-azabicyclo[4.4.0]deca-1,3,5-trien-7-one (Figure 1). It is used in joint
and musculoskeletal disorders such as osteoarthritis, rheumatoid arthritis
including juvenile idiopathic arthritis, ankylosing spondylitis, in soft tissues
Address correspondence to Muhammad Ashfaq, Department of Chemistry, H.H. Campus,
University of Gujrat, Gujrat, Pakistan. E-mail: ashfaqchemist@hotmail.com and m.ashfaq@uog.edu.pk
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FIGURE 1 Chemical structure of Piroxicam (A) and Paracetamol (B).

disorders, in acute gout, and in postoperative pain.[1] Paracetamol (Figure 1)
chemically designated as N-(4-hydroxyphenyl) acetamide has antipyretic,
analgesic, and weak anti-inflammatory properties.[1]
Various analyses methods have been reported for both piroxicam and paracetamol by thorough review of literature either alone or in combination forms
with other related drugs. Piroxicam has been determined by HPLC[2–5] and
UV=VIS spectrophotometry[5–6] methods. Similarly, paracetamol has also been
extensively studied by various techniques such as HPLC and HPTLC.[7–17]
The fixed dose combination of piroxicam and paracetamol is available
for use as a commercial product but that combination is not listed in any of
the official pharmacopoeia. To the best of our knowledge, no stability
indicating reverse phase liquid chromatographic method available for the
simultaneous determination of aforementioned combination. Therefore,
we focused our efforts to develop and validate a stability indicating reverse
phase high performance liquid chromatographic method for simultaneous
determination of piroxicam, paracetamol, and their stress induced degradation products. We are currently engaged in binary combination analysis
of different classes of drugs in pharmaceutical formulations and in human
plasma.[18–28] The present work was aimed at accomplishing the best possible chromatographic conditions for the simultaneous determination of
piroxicam and paracetamol in their fixed dose combination. Both drugs
were separated from their stress induced degradation products within
6 min by the use of the developed method, so it can be used for routine
quality control analysis, stability studies, and so forth.
EXPERIMENTAL
Chemicals and Reagents
Pure reference standards of piroxicam and paracetamol claiming purity
of 99.41 and 99.11%, respectively, were attained from Schazoo Zaka
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Laboratories (Lahore, Pakistan). Progesic plus tablets (20 mg piroxicam
and 325 mg paracetamol) were used in this study. Acetonitrile was of HPLC
grade, whereas all other chemicals were of analytical reagent grade and
were purchased from M.S Traders (Agent of Fluka in Pakistan). Throughout the analysis, double distilled water was used. For mobile phase filtration, 0.45-mm nylon filters were used (Millipore, USA).
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Equipment and Chromatographic Conditions
For the establishment of said method, Shimadzu LC-20A (Kyoto, Japan)
HPLC system was used. This system was equipped with LC-20AT pump,
SPD-M20A diode array detector and a Rheodyne injection valve (20 mL
loop). Chromatographic conditions were optimized on a Hypersil BDS
C8 column (250  4.6 mm, 5 mm). Mobile phase was prepared by mixing
acetonitrile and 0.02 M phosphate buffer (pH 3.0) in the ratio of (60:40,
v=v). Phosphate buffer (pH 3.0, 0.02 M) was prepared by dissolving 2.72 g
of potassium dihydrogen phosphate in 1 L of water. An amount of 1 mL
Triethylamine was then added and pH was adjusted to 3.0 with phosphoric
acid. Mobile phase flow rate was set as 1.0 mL min1 and all the chromatographic work was performed at room temperature (25 C  2 C).
Preparation of Standard Solution
Stock standard solution was prepared by dissolving accurately weighed
20 mg piroxicam and 325 mg paracetamol in 100 mL mobile phase. To
prepare working standard solution, 1 mL of the aforementioned solution
was diluted to 50 mL with mobile phase acquiring concentrations equal
to 4.0 m g mL1 of piroxicam and 65 m g mL1 of paracetamol.
Preparation of Sample Solution
Twenty tablets were accurately weighed and finely ground with mortar
and pestle. An accurately weighed portion of the grind equivalent to
20 mg of piroxicam and 325 mg of paracetamol were diluted to 100 mL with
mobile phase. The mixture was extracted in ultrasonic bath for 8 minutes.
An amount of 1 mL of this solution was then diluted to 50 mL with mobile
phase acquiring concentrations equal to 4.0 mg mL1 of piroxicam and
65 mg mL1 of paracetamol.
Linearity
Calibration curves were prepared using the peak areas in concentration
ranges of 1.6–6.4 mg mL1 for piroxicam (1.6, 2.4, 3.2, 4.0, 4.8, 5.6, and
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6.4 mg mL1) and 26–104 mg mL1 (26, 39, 52, 65, 78, 91, and 104 mg mL1)
for paracetamol. Triplicate analysis of each solution was done.

Accuracy
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For demonstrating accuracy known quantities of piroxicam and paracetamol were added to the sample solution with known quantity. The results
of this solution were compared with the true values. Three types of solutions were made ranging from 50–150% of nominal analytical concentration (4.0 mg mL1 of piroxicam and 65 mg mL1 of paracetamol).

Precision
Intra- and inter-day precision was performed to validate the precision of
the proposed method. It was calculated in terms of Relative standard deviation (RSD %) of the results obtained within the day and between the days.

Specificity (Stress Testing)
For specificity demonstration, acidic, basic, oxidative, thermal, and photolytic stresses were applied. All stress studies were performed in 50 mL
volumetric flask.
Acid Degradation Studies
Acid degradation studies were performed in versatile environmental
test chamber (Sanyo, Japan) at 40 C=75% RH using 5 M HCl. For this purpose, 1 mL of the standard stock solution was taken in three separate 50 mL
volumetric flasks. One milliliter of 5 M HCl was added in the flask and kept
in versatile environmental test chamber at 40 C=75% RH for 1, 24, and
48 hr. After completion of the stress, the 50 mL flask was completed up
to the mark with the mobile phase after neutralization.
Base Degradation Studies
Base degradation studies were performed in versatile environmental
test chamber (Sanyo, Japan) at 40 C=75% RH using 5 M NaOH. For this
purpose, 1 mL of the standard stock solution was taken in three separate
50-mL volumetric flasks. One milliliter of 5 M NaOH was added in the flask
and kept in versatile environmental test chamber at 40 C=75% RH for 1, 15,
and 24 hr. After completion of the stress, the 50-mL flask was completed up
to the mark with mobile phase after neutralization.
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Oxidative Degradation Studies
Oxidative degradation studies were performed in versatile environmental test chamber (Sanyo, Japan) at 40 C=75% RH using 6% H2O2. For this
purpose, 1 mL of the standard stock solution was taken in two separate
50-mL volumetric flasks. One milliliter of 6% H2O2 was added into the flask
and kept in versatile environmental test chamber at 40 C=75% RH for 1
and 24 hr. After completion of the stress, the 50-mL flask was completed
up to the mark with the mobile phase.
Thermal Degradation Studies
Thermal degradation studies were performed in versatile environmental test chamber (Sanyo, Japan) at 40 C=75% RH. For this purpose, 1 mL of
the standard stock solution was taken in three separate 50-mL volumetric
flasks and kept in versatile environmental test chamber at 40 C=75% RH
for 1, 24, and 40 hr. After completion of the stress, the 50-mL flask was completed up to the mark with mobile phase.
Photolytic Degradation Studies
For photolytic degradation 1 mL standard stock solution was placed in
the direct sunlight for 2hr.

RESULTS AND DISCUSSION
Method Development and Optimization
Nonsteroidal anti-inflammatory drugs (NSAIDs) have different chemical structures, (compared to steroids that commonly contain four-ring
structures), which complicates their analysis. In reverse phase liquid chromatographic analysis of pharmaceutical drugs, selecting a stationary phase
depends on the inherent difference in the target analytes chemical structures. Among piroxicam (a complex heterocyclic molecule with pyridine,
dioxo, thia-9-azabicyclo, triene, and ketonic functional groups) and paracetamol (hydroxyphenyl acetamide), no one functional group is shared. Both
drugs have high carbon to heteroatom ratio and therefore can be separated
through reversed phase HPLC on the C8 or C18 stationary phase. Conventional C8 or C18 stationary phases separate compounds based mainly on
their overall hydrophobicity. Considering the carbon to heteroatom ratio,
this is an effective separation mechanism for the analysis of drugs. Due
to the presence of p electrons, piroxicam and paracetamol were also
considered to be separated using phenyl stationary phases involving p  p
interactions between the phenyl groups in the stationary phase and any
unsaturated bonds in piroxicam and paracetamol structures.
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In this work, we proposed a simple, fast, sensitive, and accurate HPLC
method for simultaneous determination of piroxicam and paracetamol.
Both drugs are nitrogen containing and peak tailing problems can occur
due to interactions of these nitrogen atoms with the silanol groups of the
stationary phase. For optimization of the chromatographic conditions
and to obtain symmetrical peaks with better resolution with no peak
impurity, various chromatographic conditions such as composition of
mobile phase, mobile phases with different pH, stationary phases with different packing materials (Hypersil BDS C8, Hypersil ODS C18, Hypersil
BDS Phenyl-2, and Hypersil BDS Cyano), and configurations (10, 15,
25 cm columns) were used.

Optimization of Mobile Phase, Stationary Phase and pH
Method development was started with different ratios (20:80, 30:70,
40:60, and 50:50) of water and methanol at different pH. With methanol
containing mobile phase, peak broadening problem of paracetamol was
obtained on all four different stationary phases (Hypersil BDS C8, Hypersil
ODS C18, Hypersil BDS Phenyl-2, and Hypersil BDS Cyano). Then, it was
decided to use acetonitrile as organic modifier instead of methanol.
Further chromatographic experiments were performed on four different
stationary phases (Hypersil BDS C8, Hypersil ODS C18, Hypersil BDS
Phenyl-2, and Hypersil BDS Cyano) using acetonitrile:phosphate buffer
(0.02 M, pH 3.0) in the ratio of (60:40, v=v) mobile phase. Peak broadening
problem of paracetamol was solved when acetonitrile was used in the mobile
phase. Highly symmetrical and sharp peaks of paracetamol and piroxicam
were obtained with acetonitrile:0.02 M phosphate buffer (60:40, v=v)
on Hypersil BDS C8 columns with better resolution, capacity factor, peak
shapes, and theoretical plates as compared to other columns (Figure 2).
On other three stationary phases (ODS C18, BDS phenyl-2, and BDS Cyano)
peak tailing problems of piroxicam and paracetamol were obtained. The
variations in the composition of mobile phase and different stationary
phases had considerable influence on peak shape, tailing factor, retention
factor, theoretical plates, and resolution.
In order to optimize the appropriate pH of the phosphate buffer solution, chromatographic experiments were performed at four different
pH (2.5, 3.0, 4.0, and 6.0) values of the buffer solution. Mobile phase was
prepared in the ratio of acetonitrile:phosphate buffer (60:40, v=v). Hypersil
BDS C8 column was used as stationary phase to optimize the appropriate
pH. The effect of change in pH of the phosphate buffer on the chromatographic peaks is shown in Figure 3. Highly symmetrical and sharp
peaks of piroxicam and paracetamol were obtained at pH 2.5, 3.0, and
4.0 by using acetonitrile: 0.02 M phosphate buffer (Table 1) with better
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FIGURE 2 Chromatograms of piroxicam and paracetamol on different stationary phases (C8, C18,
Phenyl-2, and Cyano), where (a) is paracetamol peak, (b) piroxicam peak, (1) chromatogram of paracetamol and piroxicam on C8 column, (2) chromatogram of paracetamol and piroxicam on C18 column, (3) chromatogram of paracetamol and piroxicam on Phenyl-2 column, and (4) chromatogram
of paracetamol and piroxicam on Cyano column. Chromatographic conditions were mobile phase acetonitrile: 0.02 M phosphate buffer (60:40, v=v), pH 3.0, flow rate 1 mL min1, injection volume 20 mL,
and wavelength 254 nm. (Color figure available online.)

FIGURE 3 Chromatograms of piroxicam and paracetamol at different pH, where (1) chromatogram of
piroxicam and paracetamol at pH 2.5, (2) chromatogram of piroxicam and paracetamol at pH 3.0, (3)
chromatogram of piroxicam and paracetamol at pH 4.0, and (4) chromatogram of piroxicam and
paracetamol at pH 6.0. Chromatographic conditions were mobile phase acetonitrile: 0.02 M phosphate
buffer (60:40, v=v), at pH 2.5 or 3.0 or 4.0 or 6.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate
1 mL min1, injection volume 20 mL, and wavelength 254 nm. (Color figure available online.)
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Optimization of pH of Phosphate Buffer
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Mobile Phase
Acetonitrile:Phosphate
pH 2.5 (60:40)
Paracetamol
Piroxicam
Acetonitrile:Phosphate
pH 3.0 (60:40)
Paracetamol
Piroxicam
Acetonitrile:Phosphate
pH 4.0 (60:40)
Paracetamol
Piroxicam
Acetonitrile:Phosphate
pH 6.0 (60:40)
Paracetamol
Piroxicam

Retention
Capacity (k0 )

Theoretical
Plates (N)

Tailing
Factor (T)

Resolution
(R)

Peak
Shape

0.56

7184
9737

1.48
1.41

8.66

þþþ
þþþ

0.78

9211
10555

1.44
1.34

9.03

þþþ
þþþ

0.48

7283
6611

1.47
1.45

6.65

þþþ
þþþ

0.44

6453
2311

1.45
4.18

4.17

þþþ
—

Buffer

Buffer

Buffer

Buffer

Chromatographic conditions were mobile phase acetonitrile: 0.02 M phosphate buffer 60:40, pH 2.5,
or 3.0, or 4.0, or 6.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate 1 mL min1, injection
volume 20 mL, wavelength 254 nm.

resolution, capacity factor, and theoretical plates at pH 3.0 as compared to
pH 2.5 and pH 4.0. Finally, acetonitrile:phosphate buffer 0.02 M, pH 3.0
(60:40, v=v) was selected which provided symmetrical peaks with acceptable
peak purity index of piroxicam and paracetamol using Hypersil C8 column.
Under the mentioned chromatographic conditions, highly symmetrical
and sharp peaks of paracetamol and piroxicam were obtained at retention
times of 3.730 and 5.384 min, respectively (Figure 4).

Analytical Method Validation
The developed chromatographic method was validated using ICH
guidelines.[29] Calibration curves were prepared using the peak areas in
concentration ranges of 1.6–6.4 mg mL1 of piroxicam (1.6, 2.4, 3.2, 4.0,
4.8, 5.6, and 6.4 mg mL1) and 26–104 mg mL1 for paracetamol (26, 39,
52, 65, 78, 91, and 104 mg mL1). The linear regression for piroxicam was
Y ¼ 30636X þ 31251 with value of r equal to 0.9999 whereas for paracetamol, it was Y ¼ 1227504X þ 1282595 with r value equal to 0.9997.
The limit of detection (LOD) and quantitation (LOQ) were determined by making serials of dilutions. LOD was found to be 0.06 mg mL1
and 0.971 mg mL1 for piroxicam and paracetamol, respectively (signal
to noise ratio of 3:1). LOQ was found to be 0.169 mg mL1 and
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FIGURE 4 A typical chromatogram of piroxicam and paracetamol in pharmaceutical formulations.
Chromatographic conditions: mobile phase acetonitrile: 0.02 M phosphate buffer (60:40, v=v), pH
3.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate 1 mL min1, injection volume 20 mL, and
wavelength 254 nm.

2.68 mg mL1 for piroxicam and paracetamol, respectively (signal to noise
ratio of 10:1).
For demonstrating accuracy, known quantities of piroxicam and
paracetamol were added to the sample solution with known quantities.
The results of this solution were compared with the true values. Three types
of solutions were made ranging from 50–150% of nominal analytical concentration (4.0 mg mL1 of piroxicam and 65 mg mL1 of paracetamol). Percentage recoveries are given in Table 2, which shows it to be highly
accurate.
Intra- and inter-day precision was performed to validate the precision of
the proposed method. It was calculated in terms of relative standard deviation (RSD %) of the results obtained within the day and between the days.
The results of intra-day and inter-day precisions are presented in Table 3.
Robustness of the method was performed by slightly varying the chromatographic conditions. The results (tailing factor, theoretical plates,
and resolution) showed that slight variations in chromatographic conditions had negligible effects on the chromatographic parameters. It was
thus concluded that the method is robust for the intended use (Table 4
and 5).
Specificity of the developed method was evaluated by applying different
stress conditions (acid, base, oxidation, thermal, and photolytic) to piroxicam and paracetamol in combination form. A typical HPLC chromatogram of acidic, basic, and oxidative stress degradations is shown in
Figure 5. From the results of the stress studies, it is evident that under mild
conditions both drugs were not degraded and remain intact. All the stress
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Accuracy of the Proposed HPLC Method
Spiked Concentration
(mg mL1)

Drugs
Piroxicam

Measured Concentration
(mg mL1) SD; RSD (%)
2.00  0.02;
4.00  0.08;
6.11  0.71;
32.19  0.21;
66.22  0.59;
99.00  0.02;

2.00
4.00
6.00
32.50
65.00
97.50

Paracetamol

Recovery (%)

1.22
0.45
1.02
1.30
1.17
0.91

100.00
100.00
101.83
99.05
101.88
101.54
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n ¼ Average of 5 analysis, Chromatographic conditions were mobile phase acetonitrile: 0.02 M
phosphate buffer 60:40, v=v, pH 3.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate 1 mL
min1, injection volume 20 mL, and wavelength 254 nm.

TABLE 3

Intra-Day and Inter-Day Precision of the Proposed HPLC Method
Intra-day Precision
Measured Concentration
SD; RSD (%)

Actual
Concentration
(mg mL1)

Drugs
Piroxicam

Paracetamol

2.00  0.01;
4.01  0.05;
5.99  0.09;
32.81  0.29;
65.49  0.91;
96.52  0.41;

2.00
4.00
6.00
32.50
65.00
97.50

1.38
1.02
1.48
0.62
1.43
1.08

Inter-day Precision
Measured Concentration
SD; RSD (%)
2.00  0.02;
4.01  0.03;
6.11  0.03;
33.14  0.23;
65.08  0.21;
98.08  1.03;

1.41
1.22
1.01
0.88
0.59
1.13

n ¼ Average of 5 analyses, Chromatographic conditions were mobile phase acetonitrile: 0.02 M
phosphate buffer 60:40, v=v, pH 3.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate 1 mL
min1, injection volume 20 mL, and wavelength 254 nm.

conditions (except photolytic and thermal) applied at 40 C= 75% RH were
enough to degrade both the drugs within 15–48 hr. Comparison of the two
drugs showed that piroxicam is more stable in acidic conditions as compared to paracetamol that is more stable in basic and oxidative stress conditions as compared to piroxicam. Greatest degradation of paracetamol
TABLE 4

Robustness Study of Piroxicam

Chromatographic Conditions

Assay %

RT (min)

Theoretical Plate

Tailing

CH3CN: Buffer (63:43)
CH3CN: Buffer (60:40)
CH3CN: Buffer (57:47)
Flow rate (0.8 mL=min)
Flow rate (1.0 mL=min)
Flow rate (1.2 mL=min)
Buffer (pH 2.8)
Buffer (pH 3.2)

101.20
100.56
101.52
100.14
101.55
99.40
99.59
99.06

5.529
5.384
5.142
6.589
5.382
4.481
5.380
5.388

10257
10288
10351
10201
10258
10261
10254
10551

1.41
1.42
1.41
1.41
1.42
1.39
1.41
1.42
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TABLE 5

Robustness Study of Paracetamol

Chromatographic Conditions

Assay %

RT (min)

Theoretical Plate

Tailing

CH3CN: Buffer (63:37)
CH3CN: Buffer (60:40)
CH3CN: Buffer (57:47)
Flow rate (0.8 mL=min)
Flow rate (1.0 mL=min)
Flow rate (1.2 mL=min)
Buffer (pH 2.8)
Buffer (pH 3.2)

101.18
101.49
100.20
99.99
100.72
101.49
99.89
99.77

3.899
3.730
3.582
4.428
3.732
3.212
3.728
3.712

9682
9372
9682
9684
9699
9581
9594
9666

1.42
1.40
1.41
1.42
1.41
1.40
1.39
1.40

(62.4%) occurred in 5 M HCl after 48 hr and greatest degradation of
piroxicam (91.79%) occurred under basic conditions after 24 hr at 40 C=
75% RH (Table 6).
In addition to the percentage degradation of each drug, a number of
degradation products (impurities) were produced under acidic, basic, and

FIGURE 5 Chromatograms of piroxicam and paracetamol under different stress conditions at 40 C=
75% RH in versatile environmental test chamber. Where (X) is paracetamol peak, (Y) piroxicam peak,
(1, 2, and 3) degradation=impurities peaks, (A) blank, (B) chromatogram of piroxicam, (C) chromatogram of paracetamol, (D) chromatogram of acidic stress, (E) chromatogram of basic stress, and (F)
chromatogram of oxidative stress. Chromatographic conditions were mobile phase acetonitrile:
0.02 M phosphate buffer (60:40, v=v), pH 3.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate
1 mL min1, injection volume 20 mL, and wavelength 254 nm. (Color figure available online.)
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TABLE 6

I. U. Khan et al.
Stress Testing Results of Piroxicam and Paracetamol

Nature of
Stress

Storage
Conditions

Time
(hr)

5 M HCl

(40 C=75% RH)

1

(40 C=75% RH)

24

(40 C=75% RH)

48

5 M NaOH (40 C=75% RH)

1

(40 C=75% RH)

15

(40 C=75% RH)

24

(40 C=75% RH)

1

(40 C=75% RH)

24

(40 C=75% RH)

1

(40 C=75% RH)

24

(40 C=75% RH)

40

Sunlight

2

6% H2O2

Thermal

Photolytic

Amount of Piroxicam Amount of Paracetamol
Remaining
Remaining
Extent of
 RSD (%)
 RSD (%)
Decomposition
99.11  1.14
(PPI = 1.0000)
100.62  1.13
(PPI = 1.0000)
99.31  0.75
(PPI = 1.0000)
100.47  1.62
(PPI = 1.0000)
11.58  1.27
(PPI = 1.0000)
8.21  1.57
(PPI = 1.0000)
98.52  1.41
(PPI = 1.0000)
86.15  1.43
(PPI = 1.0000)
100.12  0.79
(PPI = 1.0000)
99.66  0.43
(PPI = 1.0000)
100.01  1.31
(PPI = 1.0000)
98.71  1.92
(PPI = 1.0000)

102.28  0.34
(PPI = 1.0000)
74.55  1.40
(PPI = 1.0000)
37.67  1.44
(PPI = 1.0000)
101.83  0.47
(PPI = 1.0000)
93.91  0.88
(PPI = 1.0000)
54.47  1.31
(PPI = 1.0000)
100.97  1.45
(PPI = 1.0000)
100.44  1.40
(PPI = 1.0000)
100.75  1.47
(PPI = 1.0000)
100.43  1.34
(PPI = 1.0000)
102.80  1.50
(PPI = 1.0000)
102.83  1.42
(PPI = 1.0000)

None
Substantial
Substantial
None
Substantial
Substantial
None
Substantial
None
None
None
None

n ¼ Average of 3 determinations, PPI=Peak Purity Index, Chromatographic conditions were mobile
phase acetonitrile: 0.02 M phosphate buffer 60:40, v=v, pH 3.0, Column BDS Hypersil C8 (250  4.6,
5 mm), flow rate 1 mL min1, injection volume 20 mL, and wavelength 254 nm.

oxidative stress conditions (Figure 5). Application of the proposed method
was checked by analyzing the piroxicam and paracetamol in commercially
available pharmaceutical products. The results are provided in Table 7,
which showed high percentage recoveries and low RSD (%) values for
both analytes.

TABLE 7

Assay Results of Piroxicam and Paracetamol Commercial Tablets

Products
Progesic Plus

Ingredient

Label Value (mg per tablet)

Found (mg)

Recovery  RSD (%)

Piroxicam
Paracetamol

20.00
325.00

20.11
329.48

100.55  0.32
101.38  0.77

n ¼ Average of 10 determinations. Chromatographic conditions were mobile phase acetonitrile:
0.02 M phosphate buffer 60:40, v=v, pH 3.0, Column BDS Hypersil C8 (250  4.6, 5 mm), flow rate
1 mL min1, injection volume 20 mL, and wavelength 254 nm.
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CONCLUSIONS
A simple, fast, sensitive, isocratic, and accurate reverse phase HPLC
method has been described for simultaneous determination of piroxicam
and paracetamol in pharmaceutical formulations. The proposed method
was validated by testing its linearity, accuracy, precision, limits of detection
and quantitation, and specificity. The method was straightforward and
simpler than the commonly used HPLC methods involving ion pair or
derivatization. The method was good enough to separate the peaks of active
pharmaceutical ingredients (APIs) from the degradation products (produced during forced degradation studies). It was also clear from the chromatograms that both the active ingredient peaks in all the stress conditions
were free from any sort of degradation impurities. This method has been
found suitable for the stability studies, cleaning validation and routine
analysis of pharmaceutical dosage forms in quality control and R&D laboratories for products of similar type and composition.
REFERENCES
1. Reynolds, J. E. F. Royal Pharmaceutical Society of Great Britain. Martindale 2009. The Extra
Pharmacopoeia, 36th ed.; Pharmaceutical Press: London, 2009, 108, 117 pp.
2. Kurakula, M.; Mohd, A. B.; Rao, A. P.; Diwan, P. V. Estimation of Piroxicam in Proliposomal
Formulation Using RP HPLC Method. Int. J. Chem. Anal. Sci. 2011, 2 (9), 1193–1196.
3. Jiang, X. G.; Ge, S. D.; Wanga, X. J.; Xi, N. Z. A HPLC Method for Determining Piroxicam in Body
Fluids. Zhongguo Yao Li Xue Bao. 1991, 12 (4), 381–384.
4. Bartsch, H.; Eiper, A.; Kopelent-Frank, H. Stability Indicating Assays for the Determination of Piroxicam—Comparison of Methods. J. Pharm. Biomed. Anal. 1999, 20, 531–541.
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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 µm)
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 mg mL-1 for gatifloxacin (r2 ≥ 0.998) and of 1.5-10.5 mg mL-1 for flurbiprofen (r2 ≥ 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.
Keywords: gatifloxacin; flurbiprofen; degradation products.

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.1

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 spectrophotometry,2,3 high performance liquid chromatography,4-6 atomic absorption spectroscopy, conductometry, colorimetry7 spectrofluorimetry,8
LC-MS,9 and bioassay,10 whereas flurbiprofen has been determined
by capillary zone electrophoresis,11 spectrophotometry,12 and high
performance liquid chromatography.13-15
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,
*e-mail: naeemraindrops@yahoo.com

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 effectively 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.16-32
EXPERIMENTAL
Chemicals and reagents
Reference standards of Gatifloxacin and Flurbiprofen with declared 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-1 of gatifloxacin and 0.3
mg mL-1 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 0.45mm 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-20A5 online degasser and a
Rheodyne injection valve with a 20 mL loop applied for method development. 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 mm)
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-1 and all chromatographic experiments were performed at room temperature (25 °C ± 2 °C).
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(1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 µg mL-1). Each solution was
prepared in triplicate.
Accuracy

Preparation of stock solution (A)
Stock solution (A) was prepared to decrease the number of recurring operations involved and hence, reduce the probability of human
or experimental error. Furthermore, direct weighing of gatifloxacin
(60 mg mL-1) and flurbiprofen (6 mg mL-1) to prepare the working standard solution cannot be carried out with sufficient accuracy. Standard
stock solution of gatifloxacin (1500 mg mL-1) and flurbiprofen (150 mg
mL-1) 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 mg mL-1 of gatifloxacin and 6 mg mL-1 of flurbiprofen. The
solution was filtered through a 0.45 mm nylon filter before analysis.

For accuracy determination, known quantities (50, 100 and 150
%) of gatifloxacin and flurbiprofen with recognized purity were spiked 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 mg mL-1) and flurbiprofen (6.0 mg mL-1) 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 mg mL-1 of gatifloxacin and 6.0 mg mL-1
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.

Preparation of sample solution
SPECIFICITY (STRESS TESTING)
1 mL of commercial eye drops (composition 3 mg mL-1 gatifloxacin and 0.3 mg mL-1 flurbiprofen) was diluted to 50 mL with mobile
phase to obtain a concentration equal to 60 mg mL-1 of gatifloxacin
and 6 mg mL-1 of flurbiprofen. The solution was filtered through a
0.45 mm nylon filter before analysis.
Preparation of human urine samples
Human urine samples were injected directly after dilution in the
mobile phase. 1250 mL of stock solution (A) was spiked with 1250 mL
of human urine in a polypropylene tube. The solution was centrifuged
at 4000 rpm for 10 minutes. A 200 mL volume of supernatant solution was then diluted with 2300 mL of mobile phase. This furnished
a solution with a concentration equal to (60 mg mL-1 of gatifloxacin
and 6.0 mg mL-1 of flurbiprofen). The resultant solution was filtered
through a 0.45 mm nylon filter before analysis.
Preparation of human serum samples
Serum samples were injected after protein precipitation with
mobile phase. 250 mL of human serum was spiked with 50 mL of
stock solution (A) in a polypropylene tube. A 950 mL 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 mg mL-1 of gatifloxacin and 6.0 mg mL-1
of flurbiprofen). The supernatant solution was separated in a polypropylene tube. The solution was filtered through a 0.45 mm nylon
filter before analysis.

The specificity of the developed method was evaluated by using
different ICH prescribed (acidic, basic, oxidative, thermal and photolytic) stress conditions.
Acid degradation studies
the acid degradation study was carried out in a versatile environmental test chamber (Sanyo, Japan) at 40 °C/75% RH using 5
M HCl. For this purpose, 1 mL of stock solution (A) was taken and
placed in a 25 mL volumetric flask. 1 mL of 5 M HCl 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.

Linearity

Oxidative degradation studies
The oxidative degradation study was performed at 40 °C/75%
RH using 6 % H2O2. For this purpose, 1 mL of stock solution (A)
was taken and placed in a 25 mL volumetric flask. 1 mL of 6 % H2O2
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.

Linear calibration plots of the developed method were obtained
over concentration ranges of 15-105 mg mL-1 (15, 30, 45, 60, 75, 90
and 105 µg mL-1) for gatifloxacin and 1.5-10.5 mg mL-1 for flurbiprofen

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.33
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 component (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 (1.0 mL min-1 to 2.0 mL min-1).
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 (benzalkonium 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

3

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,2,3,12 HPLC,4-6,13-15
atomic absorption spectrometry, conductometry, colorimetry,7
spectrofluorimetry,8 LC-MS,9 bioassay,10 and capillary zone electrophoresis11) 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 gatifloxacin 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 pharmaceutical 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 configurations (10, 15, 25 cm columns) were applied to the gatifloxacin 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 gatifloxacin and flurbiprofen
were obtained on Hypersil ODS C18, Hypersil BDS Phenyl-2, and
Hypersil BDS Cyano columns. The Hypersil BDS C8 column provided 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 temperature 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 phosphate buffer in the mobile phase composition and further chromatographic experiments were performed using methanol: 0.02 M phosphate buffer (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 stationary 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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Analytical method validation
The developed method was validated using ICH guidelines.34
Validation parameters included linearity, accuracy, precision, robustness, specificity, and limits of detection and quantitation.
Linear calibration plots of the developed method were obtained in
concentration ranges of 15 to 105 µg mL-1 for gatifloxacin (15, 30, 45,
60, 75, 90 and 105 µg mL-1) and 1.5 to 10.5 µg mL-1 for flurbiprofen
(1.5, 3.0, 4.5, 6.0, 7.5, 9.0 and 10.5 µg mL-1). 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 µg
mL-1 and 0.03 µg mL-1 for gatifloxacin and flurbiprofen, respectively
(signal to noise ratio of 3:1). LOQ was found to be 0.31 µg mL-1 and
0.09 µg mL-1 for gatifloxacin and flurbiprofen, respectively (signal
to noise ratio of 10:1).
Accuracy of the developed method was determined by the synthetic 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
Spiked
Concentration
(mg mL-1)

Measured
Concentration
(mg mL-1) ± SD;
RSD (%)

Recovery (%)

30.00
60.00
90.00
3.00
6.00
9.00

30.40± 1.54;1.58
60.23± 0.84;0.91
90.20± 0.94;1.04
2.99± 0.64;0.67
6.08± 0.06;0.06
9.10± 0.12;0.14

101.30
100.38
100.22
99.67
101.33
101.11

30.00
60.00
90.00
3.00
6.00
9.00

27.58± 1.80;1.85
56.87± 2.94;2.93
81.20± 2.42;2.49
2.91± 3.82;3.87
6.11± 2.94;3.08
9.27± 1.97;1.89

91.93
94.78
90.22
97.00
101.84
103.00

30.00
60.00
90.00
Flurbiprofen
3.00
6.00
9.00
n = Average of 5 analysis.

29.88± 1.54;1.52
61.10± 0.84;0.79
91.40± 1.94;2.04
3.02± 1.04;1.08
5.94± 0.06;0.07
8.99± 1.10;1.14

99.60
101.83
101.56
100.67
99.00
99.89

Nature of
Sample
Pharmaceutical
Drugs
Gatifloxacin

Flurbiprofen

Spiked Serum
Gatifloxacin

Flurbiprofen

Spiked Urine
Gatifloxacin

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.

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

Drugs

Actual
Concentration
(mg mL-1)

Pharmaceutical
Drugs
Gatifloxacin

Flurbiprofen

Spiked Serum
Gatifloxacin

Flurbiprofen

Spiked Urine
Gatifloxacin

Flurbiprofen

Intra-Day
precision
Measured Conc.
(mg mL-1) ± SD;
RSD (%)

Inter-Day
precision
Measured Conc.
(mg mL-1) ±SD;
RSD (%)

30.00
60.00
90.00
3.00
6.00
9.00

30.33±1.01;1.02 30.21±1.44;1.46
59.55±0.65;0.66 60.21±0.94;0.90
90.91±0.18;0.20 90.21±0.37;0.41
2.96±1.03;1.01 2.99±1.24;1.34
5.88±1.49;1.53 6.01±1.79;1.83
9.02±1.11;1.22 8.98±0.99;1.00

30.00
60.00
90.00
3.00
6.00
9.00

27.77±2.78;2.82 28.21±1.98;2.06
54.98±3.87;4.09 55.24±2.84;2.89
83.47±1.18;1.17 81.27±1.97;2.09
2.98±1.03;1.01 3.02±1.87;1.84
6.08±1.49;1.47 5.87±2.11;2.13
9.01±1.91;2.02 9.08±1.09;1.08

30.00
60.00
90.00
3.00
6.00
9.00

29.88±1.31;1.39 30.55±2.44;2.46
60.57±1.00;1.08 61.47±0.94;1.02
90.00±1.18;1.24 90.89±1.77;1.72
2.98±1.01;1.05 2.99±0.97;1.04
5.97±1.44;1.53 6.00±1.01;1.03
9.02±1.11;1.22 8.98±1.01;1.04

n = Average of 5 analysis
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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 photolytic) 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 gatifloxacin. Under
acidic conditions flurbiprofen degraded by up to 60 % and gatifloxacin

Figure 3. Chromatograms of Gatifloxacin and Flurbiprofen under Acidic (A)
and Oxidative stress (B)

Table 3. Robustness Study of Gatifloxacin and Flurbiprofen
Chromatographic Conditions
Methanol: Buffer (70:30)
Methanol: Buffer (72:28)
Methanol: Buffer (68:32)
Flow rate (1.5 mL min-1)
Flow rate (1.3 mL min-1)
Flow rate (1.7 mL min-1)
Buffer (pH 3.0)
Buffer (pH 2.8)
Buffer (pH 3.2)

Assay %
99.92
98.65
99.25
100.75
99.30
99.33
99.59
99.59
98.35

(Gatifloxacin)
Theoretical
tR (min)
plate
3.20
7821
3.11
7819
3.31
7799
3.20
7889
4.02
7688
2.67
7791
3.20
7894
2.99
7778
3.12
7899

Tailing

Assay %

1.36
1.36
1.29
1.36
1.28
1.28
1.36
1.39
1.33

100.21
99.99
99.67
100.89
100.54
101.21
100.25
99.51
100.75

(Flurbiprofen)
Theoretical
tR (min)
plate
8.04
11249
7.99
11855
8.14
11457
8.05
11709
8.99
12444
6.44
12652
8.04
12509
8.01
11414
8.06
11745

Tailing
1.08
1.10
1.01
1.08
1.11
1.14
1.08
1.10
1.01

Table 4. Stress Testing Results of Gatifloxacin and Flurbiprofen
Amount of Gatifloxacin
Remaining (%) ± RSD
5M HCl
24
101.21 ± 1.40 (PPI=1.0000)
5M NaOH
24
102.38 ± 1.11 (PPI=1.0000)
72
101.00 ± 3.10 (PPI=1.0000)
168
100.54 ± 2.22 (PPI=1.0000)
6% H2O2
24
91.55 ± 1.54 (PPI=1.0000)
Thermal
24
102.79 ± 2.44 (PPI=1.0000)
72
101.52 ± 2.11 (PPI=1.0000)
168
100.08 ± 2.43 (PPI=1.0000)
Photolytic
1
103.44 ± 1.21 (PPI=1.0000)
2
100.54 ± 1.00 (PPI=1.0000)
3
99.54 ± 1.43 (PPI=1.0000)
n=Average of 3 determinations, PPI= Peak Purity Index.
Nature of stress

Time (h)

Amount of Flurbiprofen
Remaining (%) ± RSD
40.00 ± 3.01 (PPI=1.0000)
99.29 ± 1.22 (PPI=1.0000)
99.34 ± 1.20 (PPI=1.0000)
99.18 ± 2.81 (PPI=1.0000)
100.31 ± 1.94 (PPI=1.0000)
101.40 ± 1.12 (PPI=1.0000)
99.91 ± 2.41 (PPI=1.0000)
97.27 ± 1.91 (PPI=1.0000)
99.38 ± 2.74 (PPI=1.0000)
98.54 ± 2.81 (PPI=1.0000)
96.55 ± 2.22 (PPI=1.0000)

Extent of
Decomposition
Substantial
None
None
None
Slight
None
None
None
None
None
None
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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 0C/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 pharmaceutical 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).

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
Label value
(mg mL-1)

Found
(mg mL-1)

Gatifloxacin

3.00

2.99

99.67±0.25;0.26

Flurbiprofen

0.30

0.30

100.00±0.41;0.41

Gatifloxacin

3.00

3.02

100.67±0.39;0.39

Flurbiprofen

0.30

0.30

100.00±0.50;0.51

Eye Drops

Recovery
(%)±SD;RSD

Flubigat

Gatrex-F

n = Average of 10 determination.

CONCLUSION
A simple, fast and reliable stability-indicating RP-HPLC method 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.
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Table 6. Chromatographic data of stress induced degradation products
Nature of Stress

Retention times (minutes)

Number of theoretical plates

Tailing factors

Acidic

4.293; 4.893; 6.012; 7.724

1981; 6188; 6716; 3892

0.879; 1.103; 1.226; 0.781

Basic

4.297; 4.621

2504; 5136

0.881; 1.155

Oxidative

4.264; 7.969; 10.229

5250; 6142; 7517

1.397; 1.004; 1.098

Photolytic

4.295; 4.623; 4.907; 7.736; 10.243

5175; 8553; 6982; 6499; 7168

0.903; 0.845; 1.060; 0.923; 1.088

Thermal

----------------------

------------------------

-----------------------

n = Average of 3 determinations
Table 7. Assay results of Moxifloxacin and Ketorolac Tromethamine in commercial eye drops
Products

Ingredient

Label value (mg mL-1)

Found (mg)

Recovery ±RSD (%)

Moxiflox plus

Moxifloxacin

5

5.02

100.4±0.2

Ketorolac Tromethamine

5

4.99

99.8±0.8

Moxifloxacin

5

5.02

100.4±0.2

Ketorolac Tromethamine

5

5.00

100.0±0.1

Moxicip KT
n = Average of 10 determinations

checked by analyzing the moxifloxacin and ketorolac in commercially
available pharmaceutical products. The results are provided in Table
7, showing high percentage recoveries and low RSD (%) values for
both analytes.
CONCLUSION
A simple, sensitive, and accurate method using reverse phase
HPLC was described for simultaneous determination of moxifloxacin hydrochloride and ketorolac tromethamine in pharmaceutical
formulations. The proposed method was validated by testing its linearity, accuracy, precision, limits of detection, and quantitation, and
specificity. The method proved able to separate the peaks of active
pharmaceutical ingredients (APIs) from the degradation products
(produced during forced degradation studies). It is also clear from
the chromatograms that both the active ingredient peaks under all the
stress conditions were free from any sort of degradation impurities.
Taken together, these results allow us to conclude that the method can
be successfully used for all stability and validation studies.
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