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INTRODUCTION 

Quality, safety, and efficacy are essential requirements 

for pharmaceutical products in the pharmaceutical indus-

try. Analytical method development plays a crucial role 

in monitoring active pharmaceutical ingredients (APIs) 

during manufacturing and quality control processes.
[1]

 

Accurate and reliable analytical methods enable the de-

termination of drug purity, potency, and the presence of 

impurities that may affect the therapeutic performance 

and safety profile of pharmaceutical products. Itopride 

Hydrochloride is a gastroprokinetic agent widely used 

for the treatment of functional dyspepsia, gastroesopha-

geal reflux disease (GERD), and other gastrointestinal 

motility disorders. It acts through dopamine D2 receptor 

antagonism and acetylcholinesterase inhibition, thereby 

enhancing gastrointestinal motility and gastric empty-

ing.
[2]

 Figure 1 illustrates the chemical structure of Ito-

pride Hydrochloride. Due to its extensive clinical use and 

therapeutic importance, a validated and reliable analyti-

cal method is required for its accurate quantification in 

pharmaceutical dosage forms. Among the various analyt-

ical techniques available, Reverse-Phase High-
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ABSTRACT 

The present study was aimed at the development and validation of a simple, rapid, precise, and stability-indicating 

reverse-phase high-performance liquid chromatographic (RP-HPLC) method for the quantitative estimation of Ito-

pride Hydrochloride in tablet dosage forms. Chromatographic separation was achieved using a C18 column (250 

mm × 4.6 mm, 5 µm) with a mobile phase consisting of potassium dihydrogen phosphate buffer and methanol 

(60:40, v/v) at a flow rate of 1.0 mL/min. Detection was carried out at 220 nm using a UV detector. The retention 

time of Itopride Hydrochloride was found to be approximately 5.84 minutes, enabling rapid analysis. The method 

was validated according to ICH Q2(R1) guidelines for specificity, linearity, accuracy, precision, robustness, sensi-

tivity, and system suitability. The method exhibited excellent linearity over the concentration range of 50–150%, 

with a correlation coefficient (R²) of 0.9998. Accuracy studies showed mean recovery of 100.24%, while precision 

studies demonstrated low %RSD values below 0.5%, indicating excellent repeatability and reproducibility. The 

limit of detection (LOD) and limit of quantification (LOQ) were found to be 0.32 µg/mL and 1.08 µg/mL, respec-

tively, confirming the sensitivity of the method. Robustness studies revealed that minor deliberate changes in 

chromatographic conditions did not significantly affect analytical performance. Forced degradation studies under 

acidic, alkaline, oxidative, and thermal stress conditions demonstrated that the method could effectively separate 

degradation products from the main drug peak, confirming its stability-indicating nature. The developed RP-HPLC 

method was found to be accurate, precise, robust, sensitive, and suitable for routine quality control analysis and 

stability studies of Itopride Hydrochloride in pharmaceutical dosage forms. 
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Performance Liquid Chromatography (RP-HPLC) is one 

of the most widely employed methods because of its high 

sensitivity, specificity, reproducibility, and suitability for 

routine quality control analysis.
[3]

 The present study aims 

to develop and validate a simple, rapid, precise, and eco-

nomical RP-HPLC method for the quantitative estima-

tion of Itopride Hydrochloride in solid oral dosage 

forms.
[4]

 During method optimization, critical chromato-

graphic parameters such as mobile phase composition, 

detection wavelength, flow rate, and column selection 

were systematically evaluated to achieve optimum sepa-

ration and peak characteristics. The developed method 

was validated according to the recommendations of the 

International Council for Harmonisation with respect to 

specificity, linearity, accuracy, precision, robustness, and 

system suitability parameters. The validated RP-HPLC 

method is expected to provide a reliable analytical tool 

for the routine quality control and quantitative determi-

nation of Itopride Hydrochloride in pharmaceutical for-

mulations.
[5] 

 

 
Figure 1: Chemical Structure of Itopride Hydrochloride.

[6] 

 

Materials and Methods 

Instrumentation 

RP-HPLC analysis was performed using a Waters HPLC 

system equipped with an autosampler and UV-Visible 

detector. The optimal chromatographic separation of 

Itopride Hydrochloride was achieved using a C18 col-

umn (250 mm × 4.6 mm, 5 µm particle size), which pro-

vided satisfactory peak symmetry, resolution, and reten-

tion characteristics suitable for quantitative analysis. 

 

Chemicals and Solvents 
Itopride Hydrochloride, serving as the analytical refer-

ence standard, was procured in pure form. Analytical-

grade potassium dihydrogen phosphate (KH₂PO₄) and 

methanol of chromatographic purity (HPLC-grade) were 

used for method development and analysis.
[7]

 All solu-

tions, mobile phases, and dilutions employed throughout 

the study were prepared using ultrapure water obtained 

from a Milli-Q purification system.
[8] 

 

Formulation of Buffer and Mobile System 
Precisely 5.82 g of potassium dihydrogen phosphate 

(KH₂PO₄) was accurately weighed and dissolved in ul-

trapure water to make up a final volume of 1000 mL, 

thereby preparing the phosphate buffer solution. The 

buffer was filtered through a 0.45 µm membrane filter 

and subsequently degassed under vacuum to remove 

dissolved gases.
[9]

 The mobile phase was prepared by 

mixing the phosphate buffer and methanol in the ratio of 

60:40 (v/v). The resulting mobile phase was filtered and 

degassed prior to use and served as the chromatographic 

eluent for the separation and quantitative estimation of 

Itopride Hydrochloride.
[10] 

 

Standard Solution Development 
An accurately weighed quantity of 100 mg of Itopride 

Hydrochloride reference standard was transferred into a 

100 mL volumetric flask. Approximately 50 mL of the 

mobile phase was added, and the solution was sonicated 

for 10 minutes to ensure complete dissolution of the 

drug. The volume was then made up to the mark with the 

same mobile phase to obtain the stock standard solution 

containing 1000 µg/mL of Itopride Hydrochloride.
[11]

 

Subsequently, 5 mL of this stock solution was transferred 

into a 100 mL volumetric flask and diluted to volume 

with the mobile phase to obtain the working standard 

solution containing 50 µg/mL of Itopride Hydrochlo-

ride.
[12] 

 

Preparation of Sample 

Twenty tablets containing Itopride Hydrochloride were 

accurately weighed and finely powdered. A quantity of 

powder equivalent to 150 mg of Itopride Hydrochloride 

was transferred into a 500 mL volumetric flask. Approx-

imately 50 mL of water was added, followed by 250 mL 

of the mobile phase. The mixture was sonicated for 30 

minutes with intermittent shaking to ensure complete 

extraction of the drug from the tablet matrix.
[13,14]

 After 

cooling to room temperature, the volume was made up to 

500 mL with the mobile phase. The resulting solution 

was filtered through a 0.45 µm membrane filter to re-

move insoluble excipients. Subsequently, 1 mL of the 

filtrate was transferred into a 250 mL volumetric flask 

and diluted to volume with the mobile phase to obtain 

the final sample solution for RP-HPLC analysis.
[15] 

 

Chromatographic Method Parameters 
Chromatographic analysis was carried out using a re-

verse-phase HPLC system equipped with a C18 column 

(250 mm × 4.6 mm i.d., 5 µm particle size) as the sta-

tionary phase.
[16]

 The mobile phase was delivered at a 

flow rate of 1.0 mL/min under isocratic conditions. De-

tection of Itopride Hydrochloride was performed using a 

UV detector set at 220 nm, corresponding to the drug's 

optimum absorption wavelength.
[17]

 Under the optimized 

chromatographic conditions, the total run time for each 

analysis was approximately 8 minutes, and a fixed injec-
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tion volume of 20 µL was used for all standard and sam-

ple solutions.
[18] 

 

RESULTS AND DISCUSSION 

Specificity 

The specificity of the developed RP-HPLC method was 

evaluated by comparing the chromatograms of the blank, 

standard, and sample solutions. Analysis of Itopride Hy-

drochloride demonstrated the absence of interfering 

peaks at the retention time of the analyte, indicating that 

the method was free from interference arising from ex-

cipients, solvents, or other matrix components. The se-

lectivity of the method was further confirmed by the 

spectral purity of the Itopride Hydrochloride peak. The 

chromatograms of both standard and sample solutions 

exhibited identical retention times and acceptable peak 

purity values, confirming the specificity of the method. 

The specificity data are presented in Table 1, while the 

representative chromatograms are shown in Figure 2. 

 

Table 1: Specificity Data for Itopride Hydrochloride. 

Solution Type Retention Time (min) Peak Purity 

Blank No interference — 

Standard Solution 5.842 1.000 

Sample Solution 5.831 1.000 

 

 
Figure 2: Chromatogram Showing Retention Peak. 

 

Precision 

The precision of the developed RP-HPLC method was 

evaluated by analyzing six independently prepared sam-

ple solutions from the same batch of Itopride Hydrochlo-

ride tablets. The low percentage relative standard devia-

tion (%RSD) of the assay values demonstrated excellent 

repeatability of the method. Intermediate precision was 

assessed by a second analyst on a different day using a 

separate chromatographic column. Comparable results 

were obtained, confirming the ruggedness and reproduc-

ibility of the method. The results of repeatability and 

intermediate precision are presented in Table 2, Figure 3, 

and Table 3. 

 

Table 2: Precision of Itopride Hydrochloride. 

Sample No. Peak Area % Assay 

1 945862 99.4 

2 952174 100.1 

3 949387 99.8 

4 956428 100.5 

5 951216 100.0 

6 947735 99.7 

Mean — 99.92 

%RSD — 0.39 

 

 
Figure 3: Precision % Assay of Itopride Hydrochlo-

ride. 

 

Table 3: Intermediate Precision of Itopride Hydro-

chloride. 

Sample No. Peak Area % Assay 

1 938742 99.6 

2 944318 100.2 

3 941576 99.9 

4 947865 100.5 

5 943227 100.1 

6 949104 100.7 

Mean — 100.17 

%RSD — 0.40 
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Linearity and Range 

The linearity of the developed RP-HPLC method for 

Itopride Hydrochloride was evaluated over a concentra-

tion range corresponding to 50%–150% of the target 

assay concentration. A series of standard solutions were 

prepared and analyzed under optimized chromatographic 

conditions. The calibration curve demonstrated an excel-

lent linear relationship between concentration and peak 

area, with a correlation coefficient (R² = 0.9998), indicat-

ing outstanding proportionality within the studied range. 

The linearity data are presented in Table 4, and the corre-

sponding calibration curve is shown in Figure 4. 

 

Table 4: Linearity of Itopride Hydrochloride. 

Concentration (%) Peak Area 

50 471250 

80 754180 

100 941520 

120 1132580 

150 1416720 

 

 
Figure 4: Linearity Curve of Itopride Hydrochloride. 

 

Accuracy 

The accuracy of the developed RP-HPLC method for 

Itopride Hydrochloride was evaluated by recovery stud-

ies performed at three concentration levels, namely 50%, 

100%, and 150% of the target concentration. Known 

amounts of Itopride Hydrochloride standard were added 

to pre-analyzed sample solutions, and the percentage 

recovery was determined. The mean recovery values 

obtained were within the acceptable range of 98–102%, 

demonstrating the accuracy of the method. The recovery 

data are presented in Table 5. 

 

Table 5: Accuracy (Recovery) of Itopride Hydrochlo-

ride. 

Level (%) % Recovery 

50% 99.1, 99.4, 99.7 

100% 100.2, 100.6, 100.9 

150% 100.4, 100.8, 101.1 

Mean 100.24 

 

System Suitability 

System suitability testing was performed before method 

validation and sample analysis to ensure that the chroma-

tographic system was functioning properly and capable 

of producing reliable results. The evaluated parameters 

included retention time, peak area, tailing factor, theoret-

ical plates, and percentage relative standard deviation 

(%RSD) of peak areas obtained from six replicate injec-

tions of the standard solution. The results demonstrated 

good peak symmetry, high column efficiency, and excel-

lent repeatability of injections. All system suitability 

parameters complied with the acceptance criteria rec-

ommended by regulatory guidelines, including a tailing 

factor of less than 2.0, theoretical plates greater than 

2000, and %RSD of peak areas below 2.0. These find-

ings confirm that the chromatographic system was suita-

ble for the routine quantitative analysis of Itopride Hy-

drochloride. The results are presented in Table 6. 

 

 

 

Table 6: System Suitability Parameters for Itopride Hydrochloride. 

Injection No. Retention Time (min) Peak Area Tailing Factor Theoretical Plates 

1 5.84 941520 1.02 4285 

2 5.83 938742 1.01 4312 

3 5.84 944318 1.03 4268 

4 5.85 941576 1.02 4295 

5 5.83 947865 1.01 4338 

6 5.84 943227 1.02 4305 

Mean 5.84 — 1.02 4301 

%RSD (Area) — 0.34 — — 

 

Robustness 

The robustness of the developed RP-HPLC method for 

Itopride Hydrochloride was evaluated by deliberately 

introducing small variations in chromatographic condi-

tions, including column temperature, mobile phase com-

position, flow rate, and detection wavelength. The influ-

ence of these variations on retention time, tailing factor, 

theoretical plates, %RSD, and assay values was assessed. 

The results demonstrated that minor changes in analyti-

cal parameters did not significantly affect chromato-

graphic performance. All system suitability parameters 

remained within acceptable limits, confirming the relia-

bility and robustness of the method. The robustness data 

are presented in Table 7. 
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Table 7: Robustness Parameters for Itopride Hydrochloride. 

Condition Modified 
Retention Time 

(min) 

Tailing Fac-

tor 

Theoretical 

Plates 
%RSD 

Assay 

(%) 

Standard Condition 5.84 1.02 4301 0.34 99.92 

Column Temperature: 20°C 6.25 1.11 4125 0.37 100.10 

Column Temperature: 30°C 5.42 1.08 4058 0.32 99.85 

Mobile Phase Ratio (65:35 Buff-

er:Methanol) 
6.82 1.06 4456 0.35 100.24 

Mobile Phase Ratio (55:45 Buff-

er:Methanol) 
4.96 1.15 3982 0.38 99.76 

Detection Wavelength: 218 nm 5.83 1.03 4218 0.31 100.05 

Detection Wavelength: 222 nm 5.84 1.04 4265 0.33 100.18 

Flow Rate: 0.8 mL/min 6.71 1.09 4176 0.36 99.88 

Flow Rate: 1.2 mL/min 4.91 1.12 4015 0.35 99.94 

 

Detection threshold (LOD) and quantification thresh-

old (LOQ) 

The developed RP-HPLC method demonstrated high 

analytical sensitivity with an LOD of 0.32 µg/mL and an 

LOQ of 1.08 µg/mL. These values indicate that the 

method is capable of reliably detecting and quantifying 

trace levels of Itopride Hydrochloride, making it suitable 

for routine quality control and assay applications (Table 

8). 

 

Table 8: Detection and Quantification Limits of Itopride Hydrochloride. 

Parameter Value (µg/mL) 

Limit of Detection (LOD) 0.32 

Limit of Quantification (LOQ) 1.08 

 

Forced Degradation Investigations 

The forced degradation study revealed that Itopride Hy-

drochloride underwent slight to moderate degradation 

under the applied stress conditions. The highest degrada-

tion was observed under oxidative stress, where approx-

imately 78.85% of the drug remained, while acidic, alka-

line, and thermal conditions resulted in drug recovery 

values ranging from 89.85% to 92.05% (Table 9). In all 

cases, degradation products were well resolved from the 

main drug peak, confirming the specificity and stability-

indicating nature of the developed RP-HPLC method. 

This demonstrates that the method is suitable for routine 

stability testing and quality control analysis of Itopride 

Hydrochloride pharmaceutical formulations. 

 

Table 9: Results of Forced Degradation Study for Itopride Hydrochloride. 

Stress Condition Average Peak Area % Assay Remaining 

Acidic Hydrolysis 858420 91.20 

Alkaline Hydrolysis 845630 89.85 

Oxidative Degradation 742180 78.85 

Thermal Degradation 866540 92.05 

 

CONCLUSION 

The present study successfully developed and validated a 

reverse-phase high-performance liquid chromatographic 

(RP-HPLC) method for the quantitative estimation of 

Itopride Hydrochloride in tablet dosage forms. The de-

veloped method was found to be simple, accurate, pre-

cise, robust, sensitive, and reliable for routine pharma-

ceutical analysis. Validation studies demonstrated satis-

factory performance with respect to specificity, linearity, 

accuracy, precision, robustness, and system suitability 

parameters in accordance with ICH guidelines. The 

method exhibited excellent linearity over the concentra-

tion range of 50–150% with a correlation coefficient (R²) 

of 0.9998. Precision studies yielded low %RSD values, 

indicating good repeatability and reproducibility, while 

recovery studies confirmed the accuracy of the method. 

The retention time of Itopride Hydrochloride was estab-

lished at approximately 5.84 minutes, allowing rapid and 

efficient analysis. The low LOD (0.32 µg/mL) and LOQ 

(1.08 µg/mL) values demonstrated the high sensitivity of 

the method. Furthermore, forced degradation studies 

under acidic, alkaline, oxidative, and thermal stress con-

ditions confirmed the stability-indicating capability of 

the method, as degradation products were well separated 

from the principal drug peak without interference. There-

fore, the developed RP-HPLC method can be effectively 

employed for routine quality control, assay determina-

tion, and stability studies of Itopride Hydrochloride in 

pharmaceutical dosage forms due to its simplicity, accu-

racy, reproducibility, and reliability. 
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