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ABSTRACT 
 
A simple, accurate, precise, reproducible and selective chromatographic technique for the estimation of 
metronidazole from bulk and tablet dosage form has been described in this study. The chromatographic technique 
was developed using a C18 column and a mobile phase consisting of phosphate buffer of pH 3.5 and acetonitrile in 
ratio 60:40 and at a flow rate 1.0 ml.min-1. The method was validated as per ICH Q2 guidelines on the basis of 
accuracy, precession, linearity, ruggedness, robustness and selectivity. The method was found to be linear in the 
concentration range 10.56 to 80.74 µg/ml (r2 = 0.999) and limit of quantisation 5.28 µg/ml. A recovery of 99.88% 
was observed for the method with sufficient precession and reproducibility. The results of the described RP-HPLC 
method therefore present successful application of this method for routine quality control analysis of metronidazole 
in marketed formulations. 
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INTRODUCTION 
 

Metronidazole (MTZ) is a 5- nitroimidazole derivative with activity against anaerobic bacteria and protozoal 
infections [1, 2]. It also has radiosensitizing effect and has been tried in the treatment of malignant neoplasms. 
Chemically it is 2-(2-Methyl-5-nitroimidazole -1-yl) alcohol [Fig. 1] and its mechanism of action is thought to 
involve interference with DNA by a metabolite in which the nitro group of metronidazole gets reduced [1-3].  
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1 Structure of Metronidazole 
 
It is used for the treatment of susceptible protozoan infections such as amoebiasis [4, 5], balantidiasis [6], 
Blastocystis hominis infections [7], giardiasis [8] and trichomoniasis [9, 10]. It is also used in the prophylaxis of 
anaerobic bacterial infections [11]. Metronidazole is prescribed for the treatment of specific bacterial infections like 
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acute necrotising ulcerative gingivitis, bacterial vaginosis, pelvic inflammatory disease, urethritis (nongonococal), 
tetanus, and antibiotic associated colitis [1, 12], in the treatment of Crohn’s Disease [13, 14], etc. 
 
The drug is readily absorbed following oral administration and several types of formulations containing MTZ are 
available in the market. Extensive literature survey presents several techniques like spectrophotometic [15-16] and 
chromatographic techniques [18-20] for the estimation of MTZ from marketed formulations (separate and combined 
dosage forms) and biological fluids [20, 21]. The chromatographic techniques used either methanol or acetonitrile as 
organic phase and water or a phosphate buffer solution as a polar modifier [19-23]. A C18 column was used as 
stationary phase and a mobile phase flow rate of 1 ml/min [24, 25]. Most of these methods are less specific and more 
time consuming. In the current study we have developed a chromatographic technique for the estimation from tablet 
dosage forms. The newly developed method is less time consuming and more specific for the quantification of MTZ 
from marketed formulations. 
  

EXPERIMENTAL SECTION 
 
2.1. Chemicals, reagents and instrumental conditions: 
Standard metronidazole (99.8%) was obtained from Central Drug Laboratory, Kolkata and was used as reference 
standard without further purification. Metronidazole tablets (Metrogyl 400) were purchased from local pharmacy. 
All other reagents were analytical grade and all solvents were of HPLC grade. AR grade potassium dihydrogen 
phosphate and dipotassium hydrogen phosphate, HPLC grade acetonitrile and phosphoric acid were purchased from 
Merck Ltd., Mumbai. Purification of water up to HPLC grade was made by Aurium 611 UV water purification 
system of Sartorius, Germany. Chromatographic separation was carried out on a waters Alliance e2695 separation 
module with double pump, rheodyne injector with 10 µl loop and 2489 dual lambda absorbance detector. A reverse 
phase C18 (250 mm × 4 mm, 5 µm) was used for separation. The mobile phase comprising of a mixture of 5.3 mM 
phosphate buffer solution adjusted to pH 3.5 ± 0.1 with orthophosphoric acid and acetonitrile in the ratio of 60:40 
with a flow rate of 1.0 ml /min [24, 25].  The injection volume was 10 µl and the UV detection was made at 318 nm 
at ambient temperature (24 ± 2°C). All data were analysed by using Empower 3 software.  
  
2.2. Preparation of stock, working standard and sample solutions:  
To prepare standard solution of metronidazole, 25 mg of the drug was taken in volumetric flask along with 10 ml 
HPLC grade water and one drop of conc. HCl followed by sonication for 15 minutes and the final volume was made 
by mobile phase. Final working standard solution was made by diluting the above stock solution to 0.04 mg/ml of 
metronidazole in mobile phase. An appropriate amount of powder mass which was obtained by crushing 20 tablets, 
equivalent to 25 mg of metronidazole was weighed accurately and transferred to a 25 ml volumetric flask. About 10 
ml of HPLC grade water and 1 drop of conc. HCl were added to it and sonicated for 15 mins and volume was made 
up to the mark by mobile phase. This solution is further diluted finally to 0.04 mg/ml of metronidazole in mobile 
phase after filtration through Whatman filter paper no. 1. The content of standard and sample solution was filtered 
through 0.45 µm syringe filter before each injection. 
  

RESULTS AND DISCUSSION 
 

3.1 Analysis of formulation: 
With the optimized chromatographic conditions, the 10 µl of standard solution was injected (n=6) and the 
chromatograms were recorded. A typical chromatogram was presented in Fig. 2. The retention time was 2.467 min.  
 
This procedure was repeated for the sample solution obtained from the formulation. The average peak area of the 
standard (n=6) and of the sample (n=2) solution was obtained from the software and the concentration of the drug in 
formulation was calculated by comparing these areas (Table 1). 
 

Table 1: Sample formulation 
 

Tablet Formulation Drug 
Amount of Drug 

(mg/tab) % of Label Claim % RSD 
Labelled Estimated* 

Metrogyl(400 mg/Tab) 
(J B Chemicals and Pharmaceuticals Ltd.) 
AM84030 

MTZ 400 400.02 100 0.15 

* Mean from three replicate analyses. 
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Fig. 2 Chromatogram of Metronidazole (retention time = 2.467) 
 
3.2 Method validation: 
The linearity, precision, accuracy, robustness, ruggedness, LOD, LOQ and system suitability parameters were 
studied systematically to validate the proposed RP-HPLC method as per USP [26] and ICH guidelines [27].  
 
3.2.1 System suitability:  
The column efficiency, resolution and peak asymmetry were determined by making six replicate injections of the 
standard solution. The retention time, tailing factor, theoretical plates, area relative standard deviation were 
determined (Table 2). 
 

Table 2: System suitability parameter 
 

Parameters Metronidazole 
Wavelength maxima (nm) 318  
Retention Time (mins) 2.467 
Tailing factor 0.4123 
Theoretical Plate 215489 
LOD (µg/ml) 1.74 
LOQ (µg/ml) 5.28 

 
3.2.2 Linearity:  
Every 10 µl of the working standard solution of metronidazole in the mass concentration range of 10.56 to 80.74 µl 
/ml were injected into chromatographic system. The chromatograms were developed and the peak area was 
determined for each concentration of the drug solution. Calibration curves of metronidazole were obtained by 
plotting the peak area versus the applied concentrations of metronidazole (Fig. 3). The linear regression coefficient 
was found to be 0.999 (Table 3). 

 
Table 3: Linearity parameters 

 
 
 

 

Parameters Metronidazole 
Linearity range (µg/ml) (10.56- 80.74)µg/ml 
Regression coefficient 0.999 
Intercept  11133  
  Slope 21070 
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Fig. 3 Linear relationship between peak areas versus concentrations 
 

3.2.3 Precession: 
The precession of the proposed method was checked by repeatedly injecting (n=6) standard solutions of 
metronidazole without changing the parameters. The intraday and inter-day precisions of the proposed method were 
determined by estimating the corresponding responses six times on the same day and on three consecutive days [28].  
The results were reported in Table 4, in terms of percent relative standard deviation (% RSD) with respect to peak 
area, peak retention time and the amount. 
 

Table 4: Precision parameters 
 

Parameters Intra-day % RSD 
Inter-day 

Day1 Day2 Day3 % RSD 
Peak Area 855291 0.09 855097 854912 854109 0.06 
Peak RT 2.467 0.14 2.465 2.461 2.466 0.11 
Amount (mg/Tab) 400.02 0.09 399.93 399.83 399.47 0.06 

 
3.2.4 Accuracy 
The accuracy of the method was determined by calculating the recoveries of metronidazole by the standard addition 
method. Known amounts of standard solutions of metronidazole were added at 90, 110 and 120 % level of pre-
quantified sample solutions and the amounts were estimated by using the proposed method. The percentage recovery 
and standard deviation of the percentage recovery were calculated and given in Table 5. 
 

Table 5: Accuracy parameters (recovery study) 

 
3.2.5 Robustness and ruggedness: 
To determine the robustness of the proposed method, experimental conditions such as the composition of the mobile 
phase by ± 2% of organic solvent, flow rate by ± 0.02 ml/min and pH by ± 0.5 were altered and the chromatographic 
characteristics were evaluated. No significant change was observed. 
 

Tablet 
Formulation 

Drug 
Labeled 

Amt. 
(mg/tab) 

Assay 
amount  
(mg/tab) 

 

% 
label 
claim 
(n =3) 

Recovery Studies (n = 3) 
Total 

Amt. after 
spiking 

(mg) 

Amt recovered 
(mg) Mean ± 

SD 

% 
Recovery 

% 
Mean 

Recover 

% 
RSD 

Metrogyl 
Batch no. 
AM84030 

Metronidazole 400 400.02 100 
320 
440 
480 

318.99±0.11 
439.98±0.58 
479.87±1.21 

99.68 
99.99 
99.97 

99.88 0.17 
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The ruggedness of the developed method was established by determining metronidazole in different instruments by 
different operator’s using similar type of column of different make. 
 
3.2.6 LOD and LOQ: 
Limit of detection (LOD) and limit of quantification (LOQ) were calculated as 3.3 δ/s and 10 δ/s respectively as per 
ICH guidelines [27] where δ in the standard deviation of response (y intercept) and s is the slope of the calibration 
plot. The results were found to be 1.74 µg/ml and 5.38 µg/ml (Table 2). 
 
The proposed method gave best resolution and peak shape within short analysis time. A good linear relationship was 
observed in the concentration ranges of 10.56 µg/ml – 80.74 µg/ml. The correlation coefficient for metronidazole 
was found to be 0.999. The intra-day and inter-day precision results were good enough to indicate the proposed 
method was precise and reproducible. High percentage recovery of drug shows the method was free from 
interference of excepients present in the formulation. The change in flow rate, pH of mobile phase, composition of 
mobile phase did not affect the percent assay of drug confirming the robustness of the method. Robustness of the 
method was confirmed as no significant changes were observed on analysis using different instrument.  
 

CONCLUSION 
 

The developed HPLC method was simple, linear, precise and accurate and could be conveniently used for the 
routine quality control analysis of metronidazole from its pharmaceutical formulation and bulk drug.  
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