Development and Validation of a Stability-Indicating RP-HPLC Method for Determination of Related Substances in Aceclofenac Drug Substance.
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Abstract
A simple, accurate, precise, and stability-indicating reverse-phase high-performance liquid chromatographic (RP-HPLC) method was developed and validated for the determination of related substances in Aceclofenac drug substance. Method development was initiated using a C18 column with a mobile phase consisting of 0.1% orthophosphoric acid and methanol. Several chromatographic parameters, including mobile phase composition, flow rate, and column temperature, were optimized to achieve satisfactory peak shape and impurity separation. The finalized method employed a Universal C18 column (100 × 4.6 mm, 5 μm) with gradient elution using 0.1% orthophosphoric acid in water as mobile phase A and methanol as mobile phase B. Detection was performed at 275 nm. The method successfully separated Aceclofenac from its degradation products generated under acidic, alkaline, and oxidative stress conditions. Validation studies demonstrated adequate precision, specificity, linearity, and sensitivity in accordance with ICH guidelines. The developed method was found suitable for routine quality control and stability studies of Aceclofenac drug substance.
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1. Introduction
Aceclofenac is a widely used non-steroidal anti-inflammatory drug (NSAID) possessing potent analgesic and anti-inflammatory properties. It acts by inhibiting cyclooxygenase-mediated prostaglandin synthesis and exhibits improved gastrointestinal tolerability compared with conventional NSAIDs. Monitoring impurities and degradation products in Aceclofenac is essential for ensuring drug quality, efficacy, and safety.
The objective of the present work was to develop and validate a robust stability-indicating RP-HPLC method capable of separating Aceclofenac from its related substances and degradation products in accordance with International Council for Harmonisation (ICH) guidelines.
2. Materials and Methods
2.1 Chemicals and Reagents
Aceclofenac reference standard and test samples were obtained from pharmaceutical manufacturing sources. Methanol (HPLC grade), orthophosphoric acid, hydrochloric acid, sodium hydroxide, and hydrogen peroxide were of analytical reagent grade.
2.2 Instrumentation
Chromatographic analysis was performed using an HPLC system equipped with UV detection.
2.3 Chromatographic Conditions
	Parameter
	Condition

	Column
	Universal C18 (100 × 4.6 mm, 5 μm)

	Flow Rate
	1.0 mL/min

	Detection Wavelength
	275 nm

	Column Temperature
	50°C

	Injection Volume
	10 μL

	Run Time
	21 min

	Mobile Phase A
	0.1% Orthophosphoric Acid in Water

	Mobile Phase B
	Methanol

	Diluent
	Water:Methanol (50:50)

	Sample Concentration
	1000 ppm





2.4 Gradient Program
	Time (min)
	Mobile Phase A (%)
	Mobile Phase B (%)

	0.0
	60
	40

	10.0
	30
	70

	17.0
	30
	70

	17.1
	60
	40

	21.0
	60
	40



3. Method Development
Initial chromatographic trials employed a mobile phase consisting of 0.1% orthophosphoric acid in water and methanol (50:50 v/v) at a flow rate of 0.8 mL/min. Under these conditions, Aceclofenac eluted at approximately 20 minutes with significant peak broadening.
To improve peak shape and reduce retention time, the methanol content was increased to 60% and the flow rate was raised to 1.0 mL/min. The retention time decreased to approximately 6.5 minutes; however, peak broadening remained unsatisfactory.
Further optimization involved increasing the column temperature to 50–55°C and evaluating phosphate buffer systems. Although some improvement in peak symmetry was observed, an unknown impurity remained partially co-eluted with the Aceclofenac peak.
To resolve this issue, gradient elution was introduced. The optimized gradient successfully separated the unknown impurity from the principal Aceclofenac peak while maintaining acceptable peak shape and system performance. Under optimized conditions, Aceclofenac eluted at approximately 12 minutes with satisfactory resolution from all observed impurities.
4. Forced Degradation Studies
4.1 Acid Degradation
Samples were treated with 1 mL of 5 N hydrochloric acid and maintained at room temperature for 14 hours. Distinct degradation products were observed at retention times of approximately 9.56, 13.93, and 15.21 minutes. All degradation peaks were adequately resolved from the Aceclofenac peak.
4.2 Alkali Degradation
Samples were treated with 1 mL of 5 N sodium hydroxide and maintained at room temperature for 14 hours. Significant degradation products appeared at retention times of approximately 8.69 and 12.62 minutes, demonstrating degradation levels of 20.43% and 1.53%, respectively.
4.3 Oxidative Degradation
Samples were exposed to 5 mL of 30% hydrogen peroxide and heated at 40°C for 3 hours. Multiple oxidative degradation products were observed and were adequately separated from the principal drug peak.
These studies confirmed the stability-indicating nature of the developed method.
5. Method Validation
5.1 Precision
Method precision and intermediate precision were evaluated using six independent sample preparations.

	Parameter
	Method Precision (%)
	Intermediate Precision (%)

	Mean Total Impurities
	0.18
	0.12



The low variability demonstrated excellent method reproducibility.
5.2 Linearity
Linearity was established over the concentration range of 0.254–0.762 ppm. The calibration curve exhibited good linearity with a correlation coefficient (R²) of 0.9952.
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Figure:- 8 Linearity graph of Aceclofenac.
5.3 Sensitivity
The limit of detection (LOD) and limit of quantification (LOQ) were found to be 0.02% and 0.04%, respectively, relative to a 500 ppm test concentration.
5.4 Specificity
Specificity was demonstrated through forced degradation studies. No interference from degradation products or blank solutions was observed at the retention time of Aceclofenac.
6. Results and Discussion
The acidic nature of Aceclofenac necessitated careful optimization of mobile phase pH and organic composition. Orthophosphoric acid effectively suppressed ionization and improved chromatographic performance. The gradient elution strategy significantly enhanced retention and impurity separation compared with isocratic methods.
The developed method exhibited excellent specificity, precision, sensitivity, and linearity. Forced degradation studies confirmed that degradation products were adequately separated from the Aceclofenac peak, establishing the method as stability-indicating.
7. Conclusion
A robust, precise, and stability-indicating RP-HPLC method was successfully developed and validated for the determination of related substances in Aceclofenac drug substance. The method effectively separates Aceclofenac from process-related impurities and degradation products formed under stress conditions. Validation results complied with ICH requirements, demonstrating suitability for routine quality control and stability studies in pharmaceutical industries.
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