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ABSTRACT

In the current study, the first capillary electraghsis (CE) method for the simultaneous determimadif ofloxacin
(OFL) and cefixime (CEF) in their combined dosagerf was reported. Successful separation was actliagag
31.2 cm long x 5Qum 1.D. fused-silica capillary, 10 mM phosphate #lelyte at pH 10, injection time 10.0 s,
voltage 25 kV and column temperature-€5with photo diode array (PDA) detection at wavel#n254 nm. The
validation criteria for accuracy, precision, line&yr and limits of detection and quantitation weneamined and
discussed. An excellent linearity was obtaineddncentration range from 5-2Q@/mL. The detection limits for
OFL and CEF was 0.12g/ mL. The proposed method has been applied foattaysis of OFL and CEF both
individually and in a combined tablet dosage foithe newly provided method enjoys the advantag€Eobver
HPLC with respect to rapidity, simplicity in reagerand sample preparation as well as saving in esdg and
samples.
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INTRODUCTION

Capillary electrophoresis (CE) is an alternativesolving technique with some advantages over hafopnance
liquid chromatography. CE has the combination &f bienefits of high separation efficiency, rapidlgsia time,
ease of automation and low sample and solvent copison [1]. Therefore, CE is an efficient analytitechnique
at pharmaceutical laboratories especially for rmutissays.

Ofloxacin (OFL) is chemically known as (z)-9-fluty-3 dihydro-3-methyl-10(4-methyl-1- piperazynybXe-7H-
pyrido [1, 2, 3-de]-1, 4- benzoxacine-6-carboxdid (Fig.1a). It is a broad spectrum antibiotitjah is one of the
most frequently used fluorinated quinolone antib®tlt is mainly used for the treatment of urinémgct infection
and sexually transmitted diseases [2, 3]. Cefixi{@&F) is chemically known as (6R,7R)-7-[[2-(2-amib3-
thiazol-4-yl)-2  (carboxymethyloxyimino)acetyllami3@- ethenyl-8-0xo0-5-thia-1-azabicyclo[4.2.0]ocehe-2-
carboxylic acid (Fig.1b). It has broad and potectivities against various pathogens especially gregative
organisms. Its therapeutic uses include gonorroesilitis, and pharyngitis [4,5]. OFL and CEF hdeen recently
prepared in a combined dosage form for many battefectionssuch as typhoid fever, urinary and respiratoryttrac
infections, noscomial infections, soft tissue antta abdominal infections.

Several methods have been reported for analyst¥Ftafand CEF individually and in combination witthet drugs
including spectrophotometi], fluorometry [7-9], conductometry [10], HPLC 1118], LC/MS/MS [19-21] and
capillary electrophoresis [22-26]. However, to Hest known of the author, only two methods, spgttotometric
[27, 28] and TLC methods [29], have been reportadtiie simultaneous estimation of OFL and CEFhigirt
combined dosage tablets.
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The present work describes the first CE methodifmultaneous separations and determination of GfeLGEF in
their combined formulations. Sparfloxacin (SPA)YE) was used as internal standard.
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Fig. 1. (a) Chemical structure of ofloxacin. (b) Chemical structure of cefixime. () Chemical structur e of
sparfloxacin, theinternal standard.

EXPERIMENTAL SECTION

2.1 Chemicals, reagents and samples

All chemicals and reagents used in this study wémnalytical grade. OFX and CEF were purchasenh fBigma-
Aldrich (St. Louis, MO, USA). Methanol, hydrochloriacid, phosphoric acid, sodium hydroxide and sodiu
phosphate were supplied from Merck (Darmstadt, Gegn Zenflox Plu$ tablets (containing 200 mg OFL and
200 mg CEF) were prepared by Akums Drug & Pharmizzads Ltd. (Ranipur, India). Tariviti(200 mg OFL) and
Winex® (200 mg CEF) were obtained from local stores.

2.2 Instrumentation and Operating conditions

The separation was carried out at 25°C with a geltaf +25 kV. Samples were injected hydrostaticatly).5 psi
for 10 s (1 psi = 6894.76 Pa). Detection was agdeat 254 nm. A new coated fused silica capillans
conditioned by flushing with methanol for 5 min, teafor 2 min, 1 M HCI for 5 min and 0.1 M NaOH b0 min.
The running buffer consisted of 10 mM sodium phadpldibasic heptahydrate adjusted to pH 10 wittsphoric
acid . Each day, the system was first rinsed withM NaOH for 10 min, followed by water for 2 mimcthe
electrolyte buffer for 3 min. Prior to each anadyghe capillary was preconditioned with 0.1 M Na@id 1 min,
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water for 1 min, and finally by the background élelyte for 2 min. This was done to equilibrate tapillary. The
capillary was stored overnight filled with water.

2.3 Stock and Standard Solutions

OFL and CEF standards were stored at 4°C protdoted light to minimize photolytically induced degiation.
Standard stock solution (10@@/mL) of OFL and CEF were prepared in water and kegst refrigerated. Working
standard solutions were prepared daily by dilutimg suitable aliquots of the stock solution witmming buffer in
1:1 ratio. The standard solutions were stored @wbrglass vials for light protection . Standardckteolution (1000
ug/mL) of sparfloxacine (IS) was prepared in methamol kept refrigerated.

2.4 Preparation of Phar maceutical Sample

Twenty tablets were weighed, ground and mixed. pprapriate amount of the powder was taken and ldisdo
with water in 100 mL volumetric flask to yield 5@@/mL concentration. The solution was filtered thghwa 0.45
mm PTFE membrane filter. The filtered solution wiilated with running buffer to yield different coswatrations of
OFL and CEF. Thereafter, the solution was introducethe CE system for separation.

RESULTSAND DISCUSSION

3.1 Preliminary Investigation
Spectrum scan for OFL and CEF were performed iddidly in a range of 190-400 nm using a PDA. It haen
found that the\,.x for OFL and CEF is 254, which was set for detectdth CE.

In order to significantly reduce the injection-teld impression and to ensure better reproducibditd greater
control over the sample amount injected, the uselSofin quantitative analysis is generally preferrdd.
Ciprofloxacin, sparfloxacin and norfloxacin weredad to the mixture of OFO and CEF. Limited resolutivas
obtained for ciprofloxacin and norfloxacin. A coretd recognition of resolution was obtained withrBperacin, the
structure of which is shown in Fig. 1c with a sfiisory analysis time.

3.2 Optimization of Separation Conditions

3.2.1 Effect of pH

A better understanding of the influence of variexperimental parameters is essential in predidtiegmigration
behavior of individual solutes in a mixture andnsequently, in optimizing their separation. In &leghoretic
separation of ionizable compounds, pH plays an mapo role as it determines the extent of ionizataf each
individual solutes [1]. Buffer acidity may affect otility and electroosmosis flow (EOF) by changirfte t
dissociation constant of analyte and Si—OH groupthe capillary. The effect of pH on the resolutaord migration
time was investigated over the pH range of 2.551thg 10 mM buffer solution. At pH 8.0, the mise of OFL
and CEF started separation. However, with incrgapii the two active ingredients separated moreiefftly. At
pH 10.0, the compounds migrated faster due to @#sing EOF. Based on the result obtained, pH 109clkasen as
the optimal pH for the separation of the two aresyt

3.2.2 Effect of Buffer Concentration

The buffer composition also affects the separagificiency, baseline stability and peak shapehis study, a new
set of experiments was proposed taking into accpbiosphate concentration . The examined levelsegifrom 10
to 100 mM. Symmetrical peaks were observed at 10buMvere broadened when the buffer concentratias 26
mM. However as expected peak tailing was observeeinvthe buffer concentration changed from 50 to Q.
There was an increase in analyte migration times tdua decrease in EOF with increasing buffer cotmagon.
Hence, 10 mM buffer was selected to achieve gosolugon without sacrificing the migration time.

3.2.3 Effect of Separation Voltage

It is well known that increasing the voltage shorimigration times. However, the generation of Jdwdating may
limit the resolution and efficiency when the vokaig increased [1]. In this study, voltages betwggrand 30 kV
were investigated. A decrease in migration timesbfith analytes was observed from 15 to 30 kV. Udleage of
25 kV was chosen because there was an adequatetimsof the two analytes and the signal-to-naiggo was
satisfactory.

3.2.4 Effect of Injection Time and Capillary Temperature

In order to reduce the detection limits, the infattime was varied from 1 to 20 s. Using a hydabstinjection, 10
s was selected as the optimal injection time. Atsame time, capillary temperatures ranging froim 30°C were
investigated. In this study, the best CE resultseevabtained at 25°C. Details of optimized electamghic separation
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conditions are summarized in Table 1. Fig. 2 shtwselectropherogram of OFL and CLF separated utibese
optimized conditions.
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Fig. 2. Typical electropherogram of the separateonl zompounds under the optimized conditions,
were peak 1issparfloxacin (1S); peak 2 isofloxacin and peak 3 is cefixime. Conditions as

describein Section 2.2

Table 1. Optimum CE operating conditions

Parameters Conditions
Electrolyte 10 mM sodium phosphate dibasic heptedtgdadjusted to pH 10 with phosphoric a¢id
Applied Voltage 25 kv
Sample injection 10 s hydrodynamically

Capillary temperaturg  25°C
Fused silica capillary| 31.2 cm long x pfh i.d.
Detection wavelength 254 nm

3.3Method Validation

3.3.1 Linearity

The linearity of the analytical procedure was eatdd by plotting peak area vs. the concentratio@ff and CEF
present in the mixture of standard solutions. Ezadtbration curve was constructed using six stashdatutions (5,
10, 25, 50, 100 and 200g/mL) and spiked with 2ug/mL of internal standard, performed in triplicafehe
correlation coefficient for the two analytes waB.9995 over a relatively wide concentration ra(se200ug/mL).

The linear regression equations obtained were ks

OFL:y=0.0395C + 0.1178
CEF:y =0.0683C + 0.1199

3.3.2 Precision

Intra-day precision was assessed by injecting thtaedard mixtures of OFL and CEF at different emtiations
(10, 100 and 20Q@g/mL). As shown in Table 2, the relative standaediation (RSD) for migration times and peak
areas were less than 0.94 and 0.83 %, respectiVbaly,inter-day precision was assessed with stanahxtire
containing both drugs at 10, 100 and 2@@mL. The validation of the analytical proceduresweerformed over a
period of 7 days. The relative standard deviativase less than 2.2 for migration time and corregteak areas.

3.3.3 Accuracy/recovery

The proposed method was validated over three coniahdrblet formulations as described in sectioh. Zhe
results obtained were introduced in Table 3. Tdizeahe proposed method, the same samples wetgzadan
parallel using a previous TLC method [28] and thsults obtained were used as reference valuetdaretovery
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calculation. In general, the recovery of both drugsheir formulations was in the range of 99.8®21 %
indicating acceptable accuracy of the proposed €thod.

3.3.4 Limit of Detection
In this study, the limit of detection (LOD) was dehined based on the standard deviation of theor=sgps, and
the slope of the calibration curv&,The LOD can be expressed from the following eiguat

LOQ= —3';30

Based on the standard deviation of the blank measemt, the magnitude of analytical background respavas
performed by analyzing an appropriate number ofilblsamples, i.e. 10 [1]. Calculation of standardiatéon, o,
was performed from the responses. From the rebkelt, OD for both OFL and CEF was 0.1@/mL.

3.3.5 Limit of Quantification
In this study, the LOQ was determined based onstaadard deviation of the responsgand the slope of the
calibration curveS. The LOQ can be expressed from the following dquat

LOO= 10.500

Based on the standard deviation of the blank measamt, the magnitude of analytical background nespavas
performed by analyzing an appropriate number ofilblsamples, i.e. 10. Calculation of the standandatien, o,
was performed from the responses. From the rahell,OQs calculated were 0.4 and Qg/mL, for OFL and CEF,
respectively.

Table 2. Intra- and inter-day reproducibility for the repeated injection of different concentrations of both
ofloxacin and cefixime

Cor:;cjr?qt[atlon RSD% (migration time)] RSD% (corrected peak areals)
Ofloxacin | Cefixime Ofloxacin Cefixime
Intra-day precision(n= 15)
0.40 0.72 0.40 0.6
100 0.62 0.94 0.62 0.72
200 0.71 0.81 0.65 0.83
Inter-day precision (n= 105
10 1.1 14 1.2 15
100 1.8 2.0 1.7 2.1
200 1.9 2.2 2.0 1.8

Table 3. Recoveries obtained from the deter mination of ofloxacin and cefixime in commer cial for mulations

Commercial Eormulation Content (mg) Recovery (%, mean + SD)
Ofloxacin | Cefixime Ofloxacin Cefixime
Tarivid ® 200 mg; Aventis International, France. 200 - 100.21 £ 0.75 -
Winex® 200 Cefixime Capsules; Tabuk pharmaceutical Mg., Tabuk, Saudi Arabid. - 200 - 99.85 + 0.4
ZenfloX’ Plus Tablets; Akums Drug & Pharmaceuticals LtchiRar, India. 200 200 101.32 +0.84100.22 + 0.48
CONCLUSION

A new CE method for the simultaneous determinatbi®©FL and CEF in pharmaceutical tablet formulagias
described and validated. The adopted method is &sturate, precise, reproducible and inexpensbdexeral
variables were studied and the optimized CE comfitiwere as follows: 10 mM phosphate buffer adfistepH
10.0 with phosphoric acid; applied voltage 25 kslpitlary temperature 25°C; and injection time 10se analytes
were detected at 254 nm. Therefore, the CE methaoglitable to be applied to industrial-scale phaentcal
analysis for the purpose of quality control or ammplementary technique to traditional methodaegi
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