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ABSTRACT

The present study deals with the development alidatian of a simple, rapid, precise and economicaterse
phase liquid chromatographic technique for the dateation of Ciprofloxacin form marketed tablet dge forms.
Chromatographic analysis was carried out using Cli8rra Column (150x 4.6 mm, 5um) and mobile phase
consisting of a mixture of 5.3mM phosphate buffiét € 3.5) and acetonitrile in the ratio 60:40 atflow rate of
0.5ml per minute and the detection was done at @i75fhe retention time of analyte peak was 2.29 e
linearity was obtained in the concentration range0o01 to 0.50 pg/ml with correlation coefficien99. The
analysis results of ciprofloxacin were validatedtistically and by recovery studies and the meatovery was
found to be 100.14%. The limit of detection (L@DJ limit of quantification (LOQ) for ciprofloxaciwas found to
be 0.06 pg/ml and 0.20 pg/ml, respectively. Thep@sed procedure was found to be accurate and prdoisthe
estimation of ciprofloxacin from marketed formuteis and can be used for the regular analysis of thiug in
quality control laboratories.
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INTRODUCTION

The fluoroquinolones presents a popular class ofthgfic antibacterial agents having a broad spectaf
applications. Ciprofloxacin is a second generatiass Il fluoroquinolone [1] used for the treatmehtomplicated
urinary tract infections, gastroenteritis with sevéiarrhoea, protatitis, nosocomial infection, sk transmitted
diseases, lower respiratory tract infections [Bnmunity acquired abdominal infections, prosthgiint infections
and management of resistant gram-negative infexti@iprofloxacin was found effective over trimethiope -
sulfamethoxazole in case of urinary tract infecdidrowever, found ineffective in many cases of maspiy tract
diseases. Chemically ciprofloxacin is 1-cyclopre@yfluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quiline
carboxylic acid as presented in Fig. 1.

Fig. 1 Chemical structure of Ciprofloxacin
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Ciprofloxacin is soluble in 0.1M hydrochloric agdlution and practically insoluble in ethanol. Tdielogical half-
life is 5.37+ 0.82hrs with 4 1.5+0.43ug/ml/70kg. The molecule well distributedoughout the body as with other
fluoroquinolones. Initially, microbiological methsaf analysis [3] were developed but these weraddo be slow
and suffered from poor precision and specificitytefsive literature survey presents fewer analltizaethods for
the estimation of ciprofloxacin from oral dosagenis. Most of the methods reported the estimatiothefblood
from different body fluids [4-8] and from edible iaral tissues and poultry samples [9, 10]. Only ayview
methods have been reported that presents the &stined the drug from formulations [11-15]. The cemt method
is much simpler, precise and less time consumimgpesed to the presented analytical techniques.

EXPERIMENTAL SECTION

Apparatus. The chromatography was performed on a Waters (USIBance 2695 instrument equipped with
Waters 2489 dual-absorbance detector. AgX terra column (150 x 4.6 mm i.d., 5 um partidlees) was used as
stationary phase. To deliver the mobile phase &am sampler (2695, Waters, USA) with 10 ul loop wased in
this study. Aurium 611 UV water purification syst@iSartorius, Germany was used to prepare HPLGegwater.

Reagents and materials: The reference standard of ciprofloxacin was supply Central Drug Laboratory,
Kolkata. The tablet formulation Cipgen [(Cadila (e&sta)] having of label claim 500 mg ciprofloxacias
procured from from local pharmacy. HPLC grade ami#tite, orthophosphoric acid and AR grade monobasid
dibasic potassium phosphate were purchased frorokMed., Mumbai.

Selection of mobile phase and wavelength: During the development of the proposed method uarioobile phase
composition were tried to get a good resolution anarp peaks and the chosen mobile phase was arenot 60
volumes of 5.3 mM phosphate buffer adjusted to p&l 8 0.1 with orthophosphoric acid and 40 volumés o
acetonitrile. The standard stock solution prepdmgedsing mobile phase was scanned over the rangeé®#00 nm
and spectrum was overlain. It was observed thatr#@Svasiax Of ciprofloxacin and was preferred as suitable
wavelength for detection.

Chromatographic conditions of the proposed method: The mobile phase was filtered by passing throudb Pm
membrane filter (Millipore). Chromatographic anadysvas carried out at ambient temperature. The oomgs
were separated isocratically with a mobile phase dlow rate of 0.5 ml /min. The effluent was manéd
spectrophotometrically at a wavelength of 275 nih alhdata were analysed by using Empower 3 soéwar

Preparation of standard stock solution: An accurately weighed quantity of standard cigmedicin (12.5 mg) was
transferred to a 25 ml volumetric flask. 10 ml dPILC grade water and one drop of conc. HCI was adloléd The
drug was allowed to dissolve by sonication for lifutes and the final volume was made by mobile ph&sal
working standard solution containing 0.02 mg/ml wpaepared from the prepared stock solution dilutiith
mobile phase. The standard solutions were filteigdg 0.45 um syringe filter before making injentio

Preparation of sample solution: Twenty tablets of ciprofloxacin were weighed. Thaean weight was determined
and they were crushed in a mortar. Tablet powdaivatent to 12.5 mg of ciprofloxacin was accuratelgighed
and transferred to a 25 ml volumetric flask. 10HFLC grade water and one drop of conc. HCI wererirsl and
sonicated for ~15 min to dissolve the drug. Them\tblume was made up to the mark and filtered @i¢b pm
filter. From this stock solution 1 ml is transfedr® the 25 ml volumetric flask and volume was magéo the mark
with the mobile phase to prepare 0.02 mg/ml comaéon. The content of sample solution was filtetbcbugh
0.45 um syringe filter before making injection.

Assay of tablet formulation: With the optimized chromatographic conditions ttendard solutions were injected
(six replicates) and the chromatograms were recb(Bi. 2). This procedure was repeated (two rapdis) for the
sample solution obtained from the formulation. Tégntion time was 2.143 min. The amount of thegdrutablet
formulation was calculated by comparing area ofghmple solution with that of the standard solutibne result
was given in Table 1.

Table1: Assay parameters

. Amount of Drug (mg/tab) | . o
Tablet Formulation Drug Labdled Etimated % of Label Claim | % RSD
Cipgen Tab [Cadila(Genvista, Ciprofloxacin 250 s ! 100.44 0.89
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Auto-caled Chromatogram

Fig. 2 Representative chromatogram for Ciprofloxacin (retention time = 2.143)

Validation of the proposed method: The system suitability parameters, linearity, e, accuracy, robustness,

ruggedness, LOD and LOQ were studied systematitallyalidate the optimized chromatographic methsger
recommendation of USP and ICH guidelines [16, 17].

System suitability parameters. To ensure the validity of the proposed analytigakcpdure a system suitability test
was established. Data from six replicate injectbd0 ul of the standard solution of ciprofloxagimre used for the

evaluation of the system suitability parameters hkavelength, theoretical plates, tailing factod aetention time.
The results obtained were shown in Table 2.

Table 2: System suitability parameter

Parameters Ciprofloxacin
Wavelength of max absorbance (nmn) 275
Retention time (min) 2.143
Tailing factor 1.09
Theoretical factor 10314
LOD (pg/ml) 0.06
LOQ (pg/ml) 0.20

Linearity (calibration curve): The solution for linearity was prepared at five centration levels ranging from
0.01 ug/ml to 0.50ug/ml of the target concentration. Each experimeas \werformed in triplicate according to
optimized chromatographic conditions. The peak sred the chromatograms were plotted against the

concentrations of the ciprofloxacin (Fig. 3) andretation co-efficient, slope and intercept of ttadibration curve
was determined. These results were presented ile Bab
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Fig. 3 Calibration curve (Plot of peak areas versus concentr ations)

Precision of the proposed method: The precision of the method was demonstrated byatapility and
intermediate precision i.e. by intraday and intgrdariation studies respectively. The intraday antbrday
variability were determined by making six repeaigéctions of standard solution on the same dawels as on

three consecutive days respectively. The percerR&j2 with respect to the peak area, peak retetitiom and the
amount were calculated for each case and presagniable 4.
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Table 3: Linearity parameter s of the proposed method

Parameters Ciprofloxacin
Linearity range (ng/ml) 0.01 to 0.50,
Regression coefficient| 0.99
Slope 1987
Intercept 1511

Table4: Precision parameters

) 0 Inter-day
Parameters Intra-day | % RSD Dayl Day2 Day3 % R
Peak Area 2323956 0.52 2323871 2323859 2324129 004
Peak RT 2.15 0.09 2.14 2.15 2.14 0.26
Amount (mg/Tab)| 250.89 0.53 250.88 250.87% 250.69 0.04

Accuracy (recovery study): Recovery studies by the standard addition methoek ywerformed with a view to
justify the accuracy of the proposed method. A kn@amount of standard solutions (90, 110 and 120@ét¢\wadded
to the pre-analyzed sample solution and these meistwere determined by the proposed method inidaigls.

Recovery (%) and RSD (%) were calculated for eacitentration and results were given in Table 5.

Table5: Accuracy parameters (recovery)

Recovery Studies (n = 3)

Amount o
Tablet LabeledAmt mg/tab % I"?‘bd Total Amt. Amt recovered %
Formulation Drug of Drug found claim after mg) Mean * % Mean %
(mg/tab) (n =6) spiking (mg) - Recovery RSD
(mg) Recover
Cipoen Tab cX 225 225.99+3.00 100.44
[CadiEa%Genvista)] 250 251.09 100.44 275 274.87+1.99 99.95 100.14 0.51
300 300.09+4.91 100.03

Ruggedness and robustness. In order to demonstrate the ruggedness of the peapmethod, different instruments
like Waters HPLC (515 pump, 600 pump, 2487 duabsorbance detector), Merck Hitachi HPLC (La Cheom
pump L-7100, L-7400, UV detector) were used to ycaut the experiment by different operators usiifeent
columns of similar type in different days.

In order to evaluate the robustness of the propesethod deliberate change in chromatographic comdite.
change in flow rate, change in pH of the mobilesghand temperature were carried out.

Limit of detection and limit of quantification: Limit of detection (LOD) and limit of quantificatio(LOQ) were
determined by using the formula based on the stdndeviation of the response and the slope of gibration
curve. LOD and LOQ were calculated by using theatiqns LOD = 3.8/s and LOQ = 16/s, wheres is the
standard deviation of response and s is the slbffeaalibration curve. The values of LOD and L@€re given in
Table 1.

RESULTSAND DISCUSSION

In order to develop an effective method for thelgsia of ciprofloxacin in pharmaceutical formulai® preliminary
tests were performed in order to select adequateoptimum conditions. A satisfactory separation gndd peak
symmetry was obtained with adX terra (150 mnx 4.6 mm, 5 um) column and a mobile phase consistfray
mixture of 60 volumes of 5.3 mM phosphate buffdugon adjusted to pH 3.5 + 0.1 with orthophosphatcid and
40 volumes of acetonitrile at a flow rate of 0.9mh. Quantification was achieved with UV detectian275 nm
based on peak area. The retention time was foubé ®.143 min (Fig. 2). The developed method wéisiat®d as
per USP and ICH guidelines [16, 17]. The systenmability was evaluated by making six replicate atiens of the
standard preparation and the tests revealed tiabb&uof theoretical plates was above 2000 andhtpflictor is less
than 2. The peak areas of the different concentratof ciprofloxacin were determined to obtain tadibration

curve. The calibration curve showed good lineapigr a concentration range of 0.01 pg/ml to 0.5mhddr the

drug with correlation coefficient of 0.99 (Table Repeatability and intermediate precision valuesb(e 4) were
within the acceptable limits. This indicates thiag tmethod was precise. The % recovery was fourktwithin

limits of the acceptance criteria with recoverygar®9.95 % - 100.44 % (Table 5) for ciprofloxacimich showed
that there was no interference with excepients. lithi¢ of detection (LOD) and limit of quantificath (LOQ) were
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separately determined based on standard deviati@sponse of calibration curve. The values wed® Qug/ml and
0.20 pg/ml respectively (Table 2). The method was aatisfactory with respect to ruggedness andstoless.

CONCLUSION

The results of the study indicate that the developesthod was found to be simple, reliable, accuritear,
sensitive, reproducible and have short run timectvimakes the method rapid and economical. Hencanitbe
concluded that the proposed method was a good apprfor obtaining reliable results and found tosbeable for
the routine analysis of ciprofloxacin in bulk dragd in pharmaceutical dosage forms.
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