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Farh et al.: High Performance Liquid Chromatography High Performance Liquid Chromatography Method for 

Metoclopramide Determination 
In this study, a validated method was used to analyze two Metoclopramide products available on the 
market: premosan and primperan. The chromatographic separation involves a mobile phase with a 
50:50 mixture of acetonitrile and buffer 4.6 (v/v). A C18 rapid resolution column (4.6×100 mm, 3.5 µm, 
Agilent high performance liquid chromatography column) was used for the separation. The λ max of 
metoclopramide was found to be 248 nm. The analysis was performed with a 20 μl injection volume and 
a 3.0 min run time. The method showed linearity for metoclopramide within the concentration range of 
2-10 μg/ml. Method validation followed International Council for Harmonisation guidelines, assessing 
specificity, selectivity, linearity, accuracy, precision, and the lower limits of quantification and lower 
limits of detection. The lower limits of quantification and lower limits of detection for metoclopramide 
were determined to be 0.80 μg/ml and 0.26 μg/ml, respectively. These methods were found to be effective 
for the precise quantitative analysis of metoclopramide in pharmaceutical formulations.
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Metoclopramide (MCP), commonly referred to as 
4-amino-5-chloro-[N]-[2-(diethylamino)ethyl]-2-
methoxybenzamide (fig. 1), is primarily used in 
adult and pediatric medicine as an antiemetic and 
gastrointestinal prokinetic drug. It is also used to treat 
gastroparesis in diabetic patients[1-4]. Additionally, it 
helps alleviate nausea, vomiting, satiety, and loss 
of appetite. Numerous studies have focused on 
its determination in different dose forms due to its 
broad application and excellent therapeutic effect 
in empirical and clinical medicine. A number of 
analytical techniques, including High Performance 
Liquid Chromatography (HPLC), spectrofluorimetric, 
electrochemical, chemiluminescence, and others, 
have been proposed for the quantification of MCP 
in pharmaceutical products and biological fluids as 
tandem mass spectrophotometry’s[5-12]. According 
to the United States Pharmacopeia (USP) and the 
British Pharmacopoeia, liquid chromatography 
is the recognized technique for Methyl Cellulose 

Precipitable (MCP) assay[13-14]. Many of the 
aforementioned methods need heating, are difficult 
for routine analysis and require expensive or complex 
equipment, or have relatively low selectivity.
Perhaps the most often reported methods for 
determining MCP in medicines are titration and 
visible spectrophotometry[15-22]. Furthermore, reviews 
of the literature showed that the spectrophotometric 
approach was used to estimate MCP in the injection 
dosage form using 0.1 M Hydrogen Chloride (HCl) as 
the solvent and direct Ultraviolet (UV) spectroscopy at 
a wavelength of 270 nm with maximum absorbance[23]. 
Compared to other dose forms like tablets or liquids, 
injections have minimal to no interference because 
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Fig. 1: Structure of MCP hydrochloride

Reagents and chemicals:

Acetonitrile CHROMASOLV™, for HPLC, ≥ 99.9 %, 
was procured and collected from Honeywell (United 
States of America (USA)), ultra-pure water system 
(Milli-Q® Integral 5 (ZRXQ005T0) Millipore®) (USA), 
was used to have HPLC grade water and sodium acetate, 
Loba Chemie, India.

Chromatographic conditions:

HPLC (1260 Infinity, Agilent Technologies) with a 
Variable Wavelength Detector (VWD) was used for 
data acquisition, recording, and chromatographic 
integration. The instrument’s software (OpenLab 
ChemStation) was employed for method validation and 
development of MCP.

Mobile phase preparation:

The aqueous mobile phase consists of a mixture of 
acetonitrile and buffer (50:50, v/v) under isocratic 
conditions. The mobile phase was filtered through a fine 
filter (pore size 0.45 µm), then sonicated and degassed 
in an ultrasonic bath (CPX5800H-E, Bransonic®).

Preparation of stock standard solution:

A standard solution of MCP was prepared by dissolving 
1000 mg of MCP powder in double-distilled water. The 
flask was gently shaken to ensure complete dissolution 
of the powder. The final concentration of the MCP stock 
solution was 1.00 mg/ml.

Preparation of standard serial dilution:

Preparation of standard calibration curve samples: 
The stock standard solution of MCP (1.00 mg/ml) was 
diluted with double-distilled water to concentrations 
ranging from 2 to 10 μg/ml, and the final volume was 
adjusted to 100 ml to prepare the calibration standard 
solutions. A portion of the standard solution was then 
pipetted using a micropipette (1000 μl) into a glass vial 
(2 ml screw vial, 8 mm, Thermo Fisher Scientific Inc.) 
for injection into the HPLC system.

they hardly include any excipients. In order to 
quantify MCP in bulk using UV spectrophotometry 
when its degradation products are present, a stability 
indicating approach has been developed. The results 
showed that the Limit of Quantification (LOQ) was 
9.89 µg/ml and the Limit of Detection (LOD) was 
3.26 µg/ml[24]. One potential substitute for the many 
analytical techniques currently in use is the redox 
titrimetric approach, which is not only sensitive and 
economical, but also somewhat accurate. Through 
the use of redox techniques, this study creates 
straightforward, accurate, and economical methods 
for determining MCP in pure preparation, injectable, 
and tablets. 
The N-oxidation reaction, which used potassium 
hydrogen peroxy-mono-sulfate as the titrant, 
served as the basis for the titrimetric approach. 
After a predetermined amount of time, a known 
excess of reagent is added, and the leftover reagent 
is measured iodometrically. In order to produce 
a yellow-brown chromogen (triiodide) with a 
wavelength of maximum absorption at 350 nm, the 
spectrophotometric approach relies on the oxidation 
of MCP with Oxone® in an alkali medium (pH: 9.9) 
and subsequent coupling with iodide in an acidic 
medium (pH: 4.0)[25]. The main aim of the present 
study was to develop a simple, cost-effective, 
rapid, and sensitive spectrophotometric method for 
determining MCP in pharmaceutical formulations 
(tablets) and to compare the sensitivity of this method 
with all previously reported methods. In addition, 
we will modify a new HPLC method for MCP using 
different column and mobile phase.

MATERIALS AND METHODS

Materials:

MCP standard powder (MCP hydrochloride, Glentham, 
United Kingdom (UK)) was used to prepare the serial 
dilutions of stock standard solution.
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of an isocratic combination of acetonitrile:buffer pH 
4.6 (50:50, v/v) at a flow rate of 1.00 ml/min, the 
detection wavelength was 248 nm. The separation was 
accomplished with an injection volume of 20 μl at 25° 
with a run time of 3.0 min.

Method validation: The International Conference on 
Harmonization's (ICH, 2005) guidelines, which address 
issues including specificity, selectivity, linearity, 
accuracy, precision, LOQ, and LOD, were followed in 
the validation of the suggested approach.

Specificity/selectivity: The ability of an analytical 
technique to distinguish and quantify the analyte in 
the presence of possible interfering compounds in 
the sample is known as selectivity. The analysis of 
selectivity showed that at the analyte's retention time, no 
discernible reaction attributed to interfering substances 
was found. It was discovered that MCP has a retention 
period of 1.4 min. 

Even when there were other ingredients in the 
formulation, this technique showed excellent specificity 
in identifying the MCP analyte.

Linearity and range: According to ICH criteria, the 
analytical method was considered linear if it could 
produce test findings that were exactly proportionate 
to the analyte concentration in samples falling within 
a specified range. To establish the linearity of the 
suggested approach, several aliquots of the drug's 
standard solution were made from the stock solution and 
examined. The drug's correlation coefficient (r2≥0.997) 
indicated linearity in the 2-10 μg/ml range. 

Accuracy and precision: A set of calibration standard 
curve samples was prepared for the intraday accuracy 
and precision investigation, and ten Quality Controls 
(QCs) samples of each concentration; low (03.00 µg/
ml), medium (5.00 µg/ml), and high (9.00 µg/ml) 
were evaluated in a single day. Additionally, a set of 
calibration standard curve samples was prepared for 
the interday accuracy and precision research, and 5 
QC samples of each concentration low (3.00 µg/ml), 
medium (5.00 µg/ml), and high (9.00 µg/ml) were 
analyzed over the course of three days. For both intraday 
and interday validation, the mean, percentage accuracy, 
Standard Deviation (SD), and percentage Coefficient of 
Variation (CV) were computed.

Application of the proposed method for 
pharmaceutical formulation: Determining the exact 
amount of the active ingredient was the goal of the 
assay test for different strengths of MCP tablets. Five 

Preparation of quality control samples: Regarding 
the preparation of low, medium and high-quality control 
samples, a stock standard solution of MCP (1.00 mg/
ml) were diluted with the double distilled water over 
the range of 2 to 10μg/ml to complete volume to 100 
ml. Then, each serial solution was mixed very well, and 
the final concentrations were 3, 5, and 9 μg/ml (two 
solutions prepared for each concentration). The glass 
vial (2 ml screw vial 8 mm, Thermo Fisher Scientific 
Inc.) was filled with standard solution and injected into 
the HPLC system.

Preparation of pharmaceutical samples assay test 
of tablet formulation: Using the analytical balance, 
10 tablets of premosan and primperan were precisely 
weighed individually, and the average weights were 
then noted. Separately, 10 tablets of each substance 
were ground into a fine powder. Each tablet was 
weighed to determine the average weight. After being 
moved to the volumetric flask, the powder was diluted 
with mobile phase until it reached the desired level. For 
every pharmaceutical formulation, the concentration of 
the MCP assay test solution was 1 mg/ml. Immediately 
after, the sample was filtered through a 0.45 µm syringe. 
Using a micropipette 1000 μl, Eppendorf Research® 
plus, 10000 μl of the sample was pipetted into a 100 
ml amber volumetric flask and diluted to the water 
mark. The concentration at the end was 100.0 μg/ml. 
For analysis, 3 solutions were prepared. 5 vials of glass  
(2 ml screw vial 8 mm, Thermo Fisher Scientific Inc.) 
were labelled and 20 µl of the sample was injected into 
the HPLC system.

Method development, optimization, and validation: 
This study describes the development and validated 
method HPLC for the determination of MCP in 
pharmaceutical formulation.

Reverse-Phase HPLC (RP-HPLC):

Method development: For the determination of MCP, 
a straightforward, sensitive, accurate, and precise 
RP-HPLC approach was created. Initially, a number 
of columns and mobile phases were examined to 
ensure they had the proper chromatogram. Selectivity, 
sensitivity, and acceptable chromatographic parameters 
of the generated peaks in terms of peak sharpness, peak 
symmetry, and tailing factor have been used to establish 
the appropriate column and mobile phase employed 
in the improved procedure. Using the ZORBAX 
Eclipse Plus C18 rapid resolution (4.6×100 mm, 3.5 
µm, Agilent HPLC column), MCP was separated 
chromatographically. Using a mobile phase consisting 
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CV) of less than 2 % (acceptable range ±10 %), the 
validation data demonstrated the sensitivity, accuracy, 
and precision of the HPLC technique in aqueous 
solutions. According to Table 1, the intraday and 
interday percentage accuracy of MCP varied from 101 
% to 108 %, falling within the generally accepted range 
of 90 % to 110 %.

Additionally, using the equations (LLOD=3.3×SD/
slope) and (LLOQ=10×SD/slope), the chromatographic 
method demonstrates a LLOQ of 0.80 μg/ml and a 
LLOD of 0.26 μg/ml, respectively. The HPLC method 
was used to analyze 2 pharmaceutical formulations of 
MCP tablets: Primperan and premosan. A calibration 
curve was used to ascertain the amount of MCP present 
in the tablet formulations after the peak area of the 
sample solution was noted. Table 2 summarizes the 
assay results, which showed that the 2 MCP tablets 
active ingredient percentages varied from 84 % to 100 
%, satisfying the ICH acceptance standards of 84 % to 
110 %[26]. The chromatogram showed the separation 
of MCP (10 mg tablets) premosan and primperan both 
made to an injectable dilution of 20 μg/ml in (fig. 3 and 
fig. 4).

calibration standards, 5 QCs samples, and 5 assay 
samples were prepared for each batch analysis with the 
goal of injecting them into the RP-HPLC procedure.

RESULTS AND DISCUSSION

The main challenge of our study was developing and 
validating various techniques using different tools, 
while ensuring that the same set of calibration standards 
was consistently applied. The proposed HPLC methods 
were validated in accordance with ICH guidelines by 
assessing specificity, selectivity, linearity, accuracy, 
precision, LOQ, LOD, and robustness. 

In the concentration range of 2-10 µg/ml, the HPLC 
validated chromatographic findings showed excellent 
linearity, with a correlation coefficient (r2≥0.997). With 
a CV error of less than 10 %, the accuracy for both 
intraday and interday testing was within 100 %-180 % 
fig 2. Both lower limit of quantitation LOQ and lower 
limit of detection LOD were established at 100 ng/ml.

Furthermore, the approach proved suitable for the 
highly sensitive study. Every validation parameter 
was carried out in compliance with ICH regulations. 
With an intraday and interday precision assessment (% 

Fig. 2: The calibration curve of MCP (2-10.00 µg/ml) in mobile phase

Proposed methods MCP concentration (µg/ml) Mean % accuracy SD % CV

Intraday validation (accuracy 
and precision)

3 3.2619 108.7307 0.0476 1.4603

5 5.173 103.4603 0.0780 1.5074

9 8.9955 99.9500 0.1267 1.4081

Interday validation (accuracy 
and precision)

3 03.2078 106.928 0.0354 1.1044

5 04.9400 98.8004 0.0470 0.9508

9 09.1127 101.2519 0.0929 1.0200

TABLE 1: SUMMARY OF ACCURACY AND PRECISION RESULTS OF THE PROPOSED HPLC METHOD
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S. No Name of product Strength (mg)
Test product 

concentration 
(µg/ml)

Average (of 6 
samples) % assay STD % RSD

1 Premosan 10 100 84.705018 84.705018 0.058292 0.068818

2 Primperan 10 100 85.846362 85.846362 2.167737 2.525136

TABLE 2: MCP ASSAY TESTS WERE ANALYSED BY THE HPLC

Fig. 3: The chromatogram of premosan (10 mg tablets)
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