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ABSTRACT  

An accurate, simple, reproducible HPLC method for the determination of Norfloxacin (NRF) has been 

developed and validated.  The separation of NRF was achieved on a reversed phase Syncronis C18 (10µm, 250 x 

4.6 mm i.d) column using UV detection at 275 nm.  The mobile phase was consisted of (850:150, v/v) of 

buffer:acetonitrile (buffer 1 cm
3
 orthophosphoric acid to 1000 cm

3
 distilled water.  The linear range of detection 

for NRF was found to be 0.43 % μg/ml (r
2
 = 0.9987).  Intra and inter day assay relative standard deviations 

were less than 1 %.  The method has been applied successfully to the determination of NRF in various 

pharmaceutical preparations.  There was no interference from drugs commonly administered with NRF.  The 

method has been shown to be linear, reproducible, specific and rugged.   

 

Keywords: Norfloxacin, RP-HPLC, Pharmaceutical Formulation 

 

I. INTRODUCTION 

Norfloxacin (NRF) is a first generation synthetic antibacterial agent used for the treatment of common 

and complicated urinary tract infections [1, 2].  Other applications include prostatitis due to E.coli [3, 

4] and in ophthalmic preparations for the treatment of conjunctival infections [5, 6]. It is also 

administered along with a nitroimidazole for the treatment of amoebiasis associated with diarrhea 

symptoms.  It is a broad spectrum antibacterial agent and like other fluoroquinolones it inhibits 

bacterial DNA gyrase and Topoisomerase II and IV [7, 8]. However, norfloxacin has got limited 

applications due to resistance against several bacteria or its associated side effects. Chemically it is 1-

ethyl-6-fluoro-4-oxo-7-piperazin-1-yl-1H-quinoline-3-carboxylic acid as presented in Figure 1. 
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Figure 1. Chemical structure of norfloxacin 

The commonly available marketed formulations of norfloxacin include tablets and ophthalmic preparations.  An 

extensive literature review presents a large number of analytical techniques for the estimation of norfloxacin, its 

degradation products and its metabolites from solutions, from body fluids like blood and urine samples [9, 10], 

ground water samples [11-13], sediments [14] and from poultry feeds and products [15-17]. These techniques 

mainly involved spectrophotometric methods [18, 19], liquid-liquid micro extraction, liquid chromatography 

coupled with - tandem mass spectrometry [11, 12,14, 20], fluorescence detection [16] and UV detection [15, 16, 

20, 21].  Most of the reported chromatographic techniques mentioned the use of a C18 column and a phosphate 

buffer in combination with an organic modifier like acetonitrile or methanol as mobile phase. However, very 

few reported the estimation of NX from marketed formulations [22, 23].  Also these methods were less precise 

and more time consuming.  In this study we reported a simple, rapid and less time consuming technique for the 

estimation of this drug from the marketed formulation. The simplicity of this method presents the importance of 

this technique in regular analysis of this drug from marketed formulations including solid dosage forms and 

ophthalmic preparations. 

II EXPERIMENTAL 

Materials and apparatus:  

Pharmaceutical grade (> 99%) Norfloxacin was obtained from Global Calcium, Hosur, TN India. Acetonitrile 

(s.d Fine-Chem, Ltd., India) and water (Rankem Ltd., India) used were of HPLC grade. All HPLC 

measurements were made on a Shimadzu Corporation system (Analytical Instruments division, Kyoto, Japan) 

consisting of a LC-2010 CHC binary gradient solvent pump, SPD-10A detector and a data station with win 

chrome software version 3.1.  The elusion was performed on reversed phase Syncronis C18 (10µm, 250 x 4.6 

mm i.d) column.  A 850:150 v/v mixture of buffer: acetonitrile was used as a mobile phase at a rate of 1.5 

ml/min.  Hamilton 702 μR injector with a 25 μl loop was used for the injection of the samples.  Detection was 

done at 254 nm.  The mobile phase was filtered through 0.45μ Millipore membrane filter and degassed.  The 

separation was carried out at room temperature.   

Stock solutions 

NRF (12.49 mg) was accurately weighed into 50 ml calibrated flask and dissolved in the mobile phase by 

sonicating for 5 minutes and filled up to volume with the mobile phase.  The solutions were diluted as and when 

required (4 ml to 20 ml with diluent).   
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Standard working solutions 

Standard working solutions were prepared in mobile phase.  A suitable aliquot from working solution was 

diluted with mobile phase to yield a solution with final concentration of 200 μg/ml of NRF.  Studies on the 

stability of analytes in standard working solution showed that there was no decomposition product in the 

chromatogram and difference in area-ratios during the analytical procedure and even after storing for 2 days at 

+4ºC.  

Pharmaceutical preparation 

Twenty tablets of the selected drug were finely powdered.  An amount equivalent to 20 mg of the drug was 

weighed accurately and transferred into a 50 ml volumetric flask.  25 ml of mobile phase was added and the 

powder was completely disintegrated.  The solution was filtered and the filtrate was made up to 50 ml with the 

mobile phase.  Further transferred 3.0 ml of the solution into 25.0 ml volumetric flask, diluted up to the mark 

with diluents and mixed well. 

   

III. PROCEDURE 

Chromatographic conditions 

LC analysis was performed by isocratic elution with flow rate of 1.5 ml/min.  The mobile phase of 850:150 v/v 

mixture of buffer : acetonitrile acetonitrile was used throughout.  Buffer solution was prepared by dissolving 

1cm
3
 of orthophosphoric acid into 1000 cm

3
 of distilled water.  After addition of buffer, the pH of mobile phase 

was 3.0 ± 0.05.  All solvents were filtered through a 0.45μ Millipore membranes filter before use and degassed 

in an ultrasonic bath.  The flow rate was maintained at 0.8 mL/min.  Quantification was effected by measuring 

at 275 nm and the chromatographic run time was 5 min.   

Throughout the study, the solubility of the chromatographic system was monitored by calculating the capacity 

factor (k), the resolution (R), the selectivity (σ) and the peak asymmetry (T).   

Establishment of calibration  

Working standard solutions of NRF (1.5-55 μg/ml) was prepared in mobile phase.  Triplicate 20 μl injections 

were made for each standard solution to see the reproducibility of the detector response at each concentration 

level.  The peak area of standard was plotted against the concentration of the drug to obtain the calibration 

graph.  The results were subjected to regression analysis to calculate calibration equation and correlation 

coefficients.  A typical chromatogram is obtained as show in Fig. 2.  
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Figure 2. Chromatogram for NRF (retention time = 2.2 min) 

Analysis of tablet 

An aliquot of the drug obtained by following the procedure described for analysis of pharmaceutical 

preparations was taken and analysed.  The chromatogram at 275 nm showed a complete resolution of the peak.   

 

IV RESULTS AND DISCUSSION 

Method development 

The mobile phase was chosen after several trials with methanol, acetonitrile, isopropyl alcohol, triethylamine, 

water and buffer solutions in various proportions and at different pH values. A mobile phase consisting of 

buffer: acetonitrile (850:150 v/v) was selected to achieve the maximum separation and sensitivity.  The effects 

of flow rates in the range of 0.5 and 2.0 ml/min were examined.  A flow rate of 1.5 ml/min gave an optimal 

signal-to-noise ratio with a reasonable separation time.   Using reverse phase C18 column, the retention time 

was observed to be of 2.2 min.  The total time of analysis was less than 10 min. 

The solution containing NRF exhibited maximum absorption at 275 nm and hence, this wavelength was chosen 

for the analysis.  

Linearity 

The calibration curves were linear in the studied range of 0.02-0.8 µg/ml.  The calibration curve equation is x = 

bx + c and the response was measured as peak area.   The mean equation of the calibration curve (n = 9) 

obtained was y = 33115x + 62494.  Excellent linearity was obtained for NRF between peak area and 

concentrations of 0.02-0.8 µg/ml with r
2
 = 0.9985.   

Limit of detection and limit of quantification 

Limits of detection (LOD) were established at a signal-to-noise ratio (S/N) of 3 while limits of quantification 

(LOQ) were established at a signal-to-noise ratio (S/N) of 9.  The LOD and LOQ were experimentally verified 

by nine injections of NRF at the LOD and LOQ concentrations.  The limit of detection was calculated to be 0.43 

µg/ml and the limit of quantification was calculated to be 0.550µg/ml.   

Suitability of the method 
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The chromatographic parameters such as tailing factor, selectivity and peak symmetry were evaluated for the 

selected drug.  The tailing factor for NRF in standard solution was found to be 1.50 while the theoretical plate 

was observed to be 1000.  The capacity factor (k
1
) was found to be 1.0 while the peak asymmetry (T) value was 

observed to be 1.10.  

Precision  

The precision (Table 1) of the method (within-day variations of replicate determinations) was checked by 

injecting nine times of NRF at the LOQ level.  The precision of the method expressed as the relative standard 

deviations (R. S. D., %) at the LOQ level, were 2.41.   

 

Table 1. Precision parameters 

Parameters Intra-day % RSD Inter-day 

Day1 Day2 Day3 % RSD 

Peak Area  9517899 0.21 9516889 9518898 9516897 0.03 

Peak RT  2.20 0.10 2.12 2.11 2.11 0.47 

Amount 

(mg/Tab)  

399.82 0.21 397.45 397.28 397.58 0.05 

Accuracy 

A standard working solution containing NRF to give final concentration 20µg/ml was prepared.  The prepared 

solution of standard was injected nine times as a test sample.  From the area counts, the concentration of the 

NRF was calculated using the detector responses.  The accuracy, defined in terms of % deviation of the 

calculated concentrations from the actual concentrations is listed in Table 2. 

Table 2. Accuracy parameters (recovery) 

Tablet  

Formulation 

Drug Labelled 

Amount 

of 

Drug 

(mg/tab) 

Amount 

mg/tab 

found 

% 

label 

claim 

(n=6) 

Recovery Tablet Studies (n = 9) 

Total Amt. 

after 

spiking(mg) 

Amt 

recovered 

(mg) Mean  

±SD 

% 

Recovery 

% 

Mean 

Recover 

% 

RSD 

Normax 

Tab 

(Ipca) 

NRF  400  399.97  99.99 360 

 

359.53±3.97 

 

99.77 

 

99.99  0.254 

440 

 

440.79±1.78 100.22   

480 479.79±4.09 99.99   

Ruggedness 

The ruggedness of the HPLC method was evaluated by carrying out the analysis of the standard working 

solution, the same chromatographic system and the same column on different days.  Small differences in area 

ratios and good constancy in retention times were observed after 48 h time period.  The R.S.D. value of less than 

0.21% for areas was observed.  The R.S.D. values for nine determinations were found to be 0.21 % (for intra-
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day analysis), and 0.47 % (for inter-day analysis).  The low R.S.D. values indicated the ruggedness of the 

method.  The comparable detector responses obtained on different days indicated that the method is capable of 

producing results with high precision on different days. 

Similarly, injecting the standard working solution into a different HPLC unit tested the ruggedness of the 

method.  The high degree of reproducibility of the detector response and the retention times indicate that the 

method is fairly rugged. 

Specificity of the method 

Specificity of the chromatographic analysis was confirmed by the fact that the drugs such as ibuprofen, 

chlorpheniramine maleate, amoxicillin, cloxacillin, pseudoephedrin hydrochloride, cefadroxil, methdilazine 

hydrochloride dichlofenac sodium, and ciprofloxacin did not interfere in the determination, as evident from their 

retention times which are different from those of NRF.   

Analysis of pharmaceutical preparation 

The proposed method was successfully applied to the analysis of NRF in tablet (labelled to contain NRF 400 mg 

as active substances) and the results were shown in Table 2.  The low values of relative standard deviation 

indicated high precision of the method.   

 

V CONCLUSIONS  

The data obtained in the proposed method demonstrated that the method has acceptable linearity, precision and 

accuracy over the concentration range.  The method described is rapid since the developed method is relatively 

simple and the total chromatographic run time is about 10 min.  The limit of quantification values for NRF was 

observed to be 0.43 µg/ml.  High percent recovery values show that the method was free from interference by 

the excipients used in the preparations.  The proposed chromatographic method can be used to analyse a large 

number of samples each day in analytical laboratories, since they need same reversed-phase column, mobile 

phase, detection system and sample preparation.  Hence, the present method could be used for routine quality 

control as well as to analyse biological fluids. 
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