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Abstract 

A reverse-phase high-performance liquid chromatographic (RP-HPLC) technique capable of 

indicating stability was established and validated for the concurrent measurement of Acetylsalicylic 

acid and Omeprazole in combined pharmaceutical products. Separation was carried out on a Luna 

Phenyl Hexyl column (250 × 4.6 mm, 5 µm) with a mobile phase composed of Acetonitrile and 0.1% 

Perchloric acid mixed at 20:80 (v/v), delivered at 1.0 mL/min. The detection wavelength was set at 

249 nm, representing the isosbestic point for both substances, with an overall analysis duration of 5 

minutes. The retention times recorded were 2.038 min for Acetylsalicylic acid and 2.995 min for 

Omeprazole, showing a resolution factor of 4.63. The procedure was validated following ICH criteria 

for selectivity, response linearity, recovery, repeatability, intermediate precision, durability, detection 

limit, and quantitation limit. The calibration plots exhibited outstanding linearity, with recovery 

percentages and %RSD values falling within prescribed limits. Stress degradation experiments 

involving acidic, basic, oxidative, reductive, thermal, photolytic, and hydrolytic conditions verified 

the method’s ability to separate intact drugs from breakdown products, as purity angles remained 

below purity thresholds. The method showed strong sensitivity, with LOD/LOQ values calculated as 

0.49/1.62 µg/mL for Acetylsalicylic acid and 0.24/0.80 µg/mL for Omeprazole. This validated 

procedure is straightforward, reproducible, accurate, and appropriate for routine quality monitoring. 

Keywords: RP-HPLC; aspirin; omeprazole; ICH validation 

 

1. Introduction 

In contemporary pharmaceutical analysis, the concurrent quantification of multiple active 

ingredients in fixed-dose combinations has become increasingly important because such products 

provide be�er therapeutic outcomes, greater patient adherence to therapy, and fewer daily doses [1–

5]. A particularly relevant example is the pairing of Acetylsalicylic acid with Omeprazole, which is 

frequently prescribed for individuals needing extended antiplatelet treatment along with protection 

against gastric injury. 

Acetylsalicylic acid, belonging to the non-steroidal anti-inflammatory drug (NSAID) class, is 

widely utilized for its pain-relieving, fever-reducing, anti-inflammatory, and blood-thinning effects. 

It serves as a fundamental treatment for preventing cardiovascular incidents including heart a�acks 

and strokes [6–9]. Nevertheless, long-term intake of Acetylsalicylic acid often leads to notable 

gastrointestinal complications such as mucosal damage, peptic ulcers, and gastric bleeding due to its 

suppression of prostaglandin synthesis. To counteract these harmful effects, Omeprazole—a proton 

pump inhibitor (PPI)—is frequently given alongside Acetylsalicylic acid. Omeprazole works by 

irreversibly blocking the H⁺/K⁺-ATPase enzyme in the stomach’s acid-producing cells, thereby 

reducing gastric acid secretion and shielding the stomach lining from damage induced by 

Acetylsalicylic acid. 
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Given the widespread clinical application of this two-drug regimen, creating a trustworthy, 

precise, and responsive analytical technique for their simultaneous determination holds significant 

pharmaceutical and regulatory value. Such a method is necessary for product quality testing, 

bioavailability assessments, and pharmacokinetic investigations. High-performance liquid 

chromatography (HPLC) continues to be the most preferred analytical tool in pharmaceutical testing 

owing to its excellent selectivity, sensitivity, precision, and potential for automation. Reverse-phase 

HPLC (RP-HPLC) is especially common for analyzing drugs with different polarity levels within 

complex mixtures [10–14]. 

A stability-indicating analytical procedure is a validated method that can accurately and 

exclusively quantify the active pharmaceutical ingredient (API) in the presence of its decomposition 

products, manufacturing impurities, and formulation excipients [15–17]. Developing such methods 

is a regulatory necessity according to International Council for Harmonisation (ICH) guidelines 

Q1A(R2) and Q2(R1), which require that the analytical technique must prove its capacity to 

distinguish the unchanged drug from its breakdown products formed under forced degradation 

conditions, including exposure to acid, alkali, oxidizing agents, light, heat, and reducing agents. 

Although several analytical methods have been reported for measuring Acetylsalicylic acid and 

Omeprazole separately, few validated stability-indicating RP-HPLC methods exist for their 

simultaneous analysis. The currently available procedures often involve prolonged run times, 

complex mobile phase mixtures, or inadequate validation according to modern ICH standards. 

Consequently, this research aimed to create, refine, and validate a straightforward, fast, accurate, and 

stability-indicating RP-HPLC method for the concurrent estimation of Acetylsalicylic acid and 

Omeprazole in pharmaceutical formulations, adhering to ICH Q2(R1) recommendations. The method 

was further challenged with forced degradation experiments to confirm its stability-indicating 

capability, making it suitable for routine quality control operations in pharmaceutical laboratories. 

2. Methodology 

2.1. Instrumentation and Chemicals Used in the Present Work 

An RP-HPLC technique was established and validated for the simultaneous measurement of 

Acetylsalicylic acid and Omeprazole in drug products. The analysis employed a Waters Alliance 

HPLC system fi�ed with a PDA detector. Chromatographic separation was achieved using a Luna 

Phenyl Hexyl column (250 × 4.6 mm, 5 µm particle diameter). The mobile phase comprised 

Acetonitrile and 0.1% Perchloric acid in a 20:80 (v/v) ratio, which was filtered using a 0.45 µm 

membrane filter and degassed before use. The flow rate was set at 1.0 mL/min, and the detection 

wavelength was fixed at 249 nm, chosen as the isosbestic point for the two drugs. The injection 

volume was 10 µL, and the total analysis time was 5 minutes. The equipment and reagents employed 

are summarized in Table 1 and Table 2. 

Table 1. Instruments used in the present work. 

S.No Instrument Model / Specification Manufacturer 

1 HPLC System Waters Alliance e2695 Waters 

2 pH Meter pH700 Eutech 

3 Weighing balance BSA224S-CW Sartorius 

4 Ultrasonicator UCA 701 Unichrome 

5 Glassware Class A Borosil 
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Table 2. Chemicals used in the present work. 

S.No Chemical Grade Manufacturer 

1 Acetonitrile HPLC Merck 

2 Water (Milli-Q) HPLC In-house 

3 Perchloric Acid AR Merck 

2.2. Selection of Detection Wavelength and Preparation of Solutions 

Standard solutions of Acetylsalicylic acid and Omeprazole were scanned across the 200–400 nm 

range using a PDA detector. An isosbestic point at 249 nm was observed for both drugs, indicating 

equal absorbance at this wavelength. Hence, 249 nm was selected for simultaneous measurement. 

Precisely weighed quantities of 81 mg Acetylsalicylic acid and 40 mg Omeprazole were placed into a 

10 mL volumetric flask, dissolved in diluent (acetonitrile), sonicated, and diluted to the mark. Further 

dilution produced final concentrations of 81 µg/mL for Acetylsalicylic acid and 40 µg/mL for 

Omeprazole. A sample corresponding to 20 mg of each drug was accurately weighed, transferred 

into a 10 mL volumetric flask, sonicated for 30 minutes, and diluted to volume with diluent. 

Additional dilution and filtration through a 0.45 µm filter were carried out before injection. Several 

experimental runs were performed by modifying chromatographic parameters such as mobile phase 

composition, column type, and flow rate. Among these, Trial-6 proved optimal, yielding well-

separated peaks with satisfactory system suitability parameters including resolution, asymmetric 

factor, and theoretical plate number.2.3. Method optimization and system suitability 

Several trials were conducted by varying chromatographic conditions such as mobile phase 

composition, column type, and flow rate. Among the trials, Trial-6 was found to be optimal, 

providing well-resolved peaks with acceptable system suitability parameters including resolution, 

tailing factor, and plate count as shown in Table 3. 

Table 3. Optimized Chromatographic Conditions. 

Parameter Condition 

Column Luna Phenyl Hexyl (250 × 4.6 mm, 5 µm) 

Mobile Phase Acetonitrile : 0.1% Perchloric acid (20:80) 

Flow rate 1.0 mL/min 

Detection Wavelength 249 nm 

Injection Volume 10 µL 

Run Time 5 min 

System suitability was evaluated by injecting standard solutions and assessing parameters such 

as retention time, theoretical plates, tailing factor, and resolution. The acceptance criteria were a 

tailing factor less than 2, plate count greater than 2000, and resolution greater than 2. 

2.3. Method Validation 

The developed method was validated according to ICH criteria for specificity, linearity, 

accuracy, precision, robustness, LOD, and LOQ. Linearity was examined by preparing six different 

concentration levels of each drug. A calibration graph was constructed by plo�ing concentration 

against peak areas. Accuracy was assessed using the standard addition approach at three levels (80%, 

100%, and 120%). Percentage recovery was calculated to evaluate accuracy. Precision was studied as 

system precision, method precision, and intermediate precision. Six replicate injections were 

analyzed, and %RSD was determined. Robustness was tested by introducing intentional changes in 
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chromatographic conditions including flow rate and mobile phase composition. The limit of detection 

(LOD) and limit of quantification (LOQ) were computed using Equation 1 and 2. 

��� =
�.�×�

�
                                               (1) 

��� =
��×�

�
                      (2)  

Where � is standard deviation of response and � is slope of calibration curve. The percentage 

assay of the sample was calculated using Equation 3.  

%����� =
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×
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×
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��
×

�

��
× 100                   (3) 

Where �� is area of test sample,  �� is area of standard, �� is weight of standard, �� is 

dilution of standard, ��  is dilution of sample, �� is weight of sample, � is purity of standard, 

and LC is label claim.    

3. Results and Discussion 

An RP-HPLC method was established for the simultaneous determination of Acetylsalicylic acid 

and Omeprazole by assessing various chromatographic parameters. Several trials (Trial 1 to Trial 6) 

were carried out by modifying mobile phase composition, column type, and detection wavelength. 

Among these, Trial-6 was chosen as the optimized method because of its superior chromatographic 

performance. The final optimized chromatogram (Figure 1) displayed well-resolved and symmetric 

peaks for both compounds. The retention times recorded were 2.038 min for Acetylsalicylic acid and 

2.995 min for Omeprazole, indicating fast separation within a short runtime. The resolution between 

the two peaks was 4.63, significantly above the acceptable limit of 2, confirming effective separation.  

 

Figure 1. Optimized RP-HPLC chromatogram of Aspirin and Omeprazole demonstrating well-resolved peaks 

at retention times of 2.038 min and 2.995 min, respectively, indicating efficient separation under optimized 

conditions. 

The detailed optimized chromatographic conditions are presented in Table 4, and the 

corresponding results are summarized in Table 5. The system suitability parameters such as tailing 

factor and plate count were within acceptable limits, indicating that the developed method is efficient 

and reliable. 

Table 4. Optimized chromatographic conditions for the simultaneous estimation of Aspirin and Omeprazole by 

RP-HPLC. 

Parameters Observation 

Instrument used Waters HPLC with auto sampler and PDA detector. 
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Injection volume 10µl 

Mobile Phase Acetonitrile: 0.1% Perchloric acid (20:80) 

Column Luna Phenyl Hexyl (250x4.6mm, 5µm) 

Detection Wave Length 249nm 

Flow Rate 1 mL/min 

Runtime 5min 

Temperature Ambient(25 C) 

Mode of separation Isocratic mode 

Table 5. Optimized chromatographic results showing retention time, peak area, resolution, tailing factor, and 

theoretical plate count for Aspirin and Omeprazole. 

System suitability was evaluated by injecting standard solutions, and the outcomes are shown 

in Table 6. The plate count for Acetylsalicylic acid and Omeprazole was 11485 and 7693, respectively, 

both exceeding the minimum requirement of 2000. The tailing factors were 0.97 and 1.03, respectively, 

indicating symmetrical peak shapes. The resolution between the two peaks was 4.63, confirming 

adequate separation. The %RSD values for peak areas were 0.17% for Acetylsalicylic acid and 0.42% 

for Omeprazole, both well within the acceptable limit of 2%. These results confirm that the system is 

appropriate for analysis. 

Table 6. System suitability parameters for Aspirin & Omeprazole. 

S.no Parameter Aspirin  Omeprazole 

1 Retention time 2.038 2.995 

2 Plate count 11485 7693 

3 Tailing factor 0.97 1.03 

4 Resolution ---- 4.63 

5 %RSD 0.17 0.42 

The specificity of the method was assessed by analyzing blank, placebo, and standard solutions. 

No interfering peaks appeared at the retention times of Acetylsalicylic acid and Omeprazole. This 

confirms that the method is specific and can accurately measure the analytes in the presence of 

excipients. 

Name RT Area 
USP 

Resolution 
USP Tailing USP Plate Count 

Aspirin 2.038 2726427 - 0.97 11485 

Omeprazole 2.995 1282031 4.63 1.03 7693 
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                                a) 

 

                                                                                             b) 

 

                                                                                                 c) 

Figure 9. Representative chromatograms showing (a) blank, (b) placebo, and (c) standard solution of Aspirin 

and Omeprazole, demonstrating the specificity of the RP-HPLC method with no interference observed at the 

retention times of the analytes. 
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System precision was evaluated by six replicate injections of standard solution, and the results 

are shown in Table 7 and Figure 10. The %RSD values were found to be 0.17% for Aspirin and 0.42% 

for Omeprazole, indicating excellent repeatability of the instrument. 

Table 7. System precision table of Aspirin & Omeprazole. 

 
Concentration 

Aspirin (µg/ml) 

Area of 

Aspirin 

Concentration of 

Omeprazole 

(µg/ml) 

Area of 

Omeprazole 

1. 81 2726427 40 1282031 

2. 81 2732136 40 1277094 

3. 81 2728974 40 1291557 

4. 81 2733127 40 1289461 

5. 81 2731329 40 1288950 

6. 81 2720852 40 1284123 

Mean 2728808 1285536 

S.D 4584.31 5456.42 

%RSD 0.17 0.42 

 

                                a)                                                      b) 

Figure 10. System precision results showing peak area consistency for (a) Aspirin and (b) Omeprazole over six 

replicate injections, demonstrating low %RSD values (0.17% and 0.42%, respectively) and confirming excellent 

precision of the RP-HPLC method. 

The system precision of the developed RP-HPLC method was evaluated by performing six 

replicate injections of the standard solution. The chromatograms (Figure 11) showed consistent 

retention times of approximately 2.03 min for Aspirin and 2.99 min for Omeprazole with no 

significant variation in peak shape or area. 
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a) 

 

b) 

 

c) 
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d) 

 

e) 

 

f) 

Figure 11. System precision chromatograms of Aspirin and Omeprazole obtained from six replicate injections 

[(a) Injection 1, (b) Injection 2, (c) Injection 3, (d) Injection 4, (e) Injection 5, and (f) Injection 6], showing consistent 

retention times and peak areas, indicating good repeatability of the RP-HPLC method. 

The method precision results are presented in Table 8. The %RSD values were 0.55% for 

Acetylsalicylic acid and 0.75% for Omeprazole, which are within acceptable limits (<2%). 

Intermediate precision results are shown in Table 9, with %RSD values of 0.38% for Acetylsalicylic 

acid and 0.69% for Omeprazole. These results confirm that the method is precise under different 

conditions. 
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Table 8. Method Precision for Aspirin & Omeprazole by RP-HPLC method. 

S. No. Area for Aspirin Area for Omeprazole 

1 2746531 1272322 

2 2721402 1291542 

3 2715620 1285690 

4 2703102 1290972 

5 2725876 1286541 

6 2711172 1269003 

Average 2720617 1282678 

STD Dev 14971.720 9649.955 

%RSD 0.55 0.75 

Table 9. Intermediate Precision for Aspirin and Omeprazole by RP-HPLC method. 

S. No. 
Area  

Aspirin Omeprazole 

1 2734860 1278683 

2 2714532 1280152 

3 2706130 1269887 

4 2715613 1293543 

5 2721584 1286791 

6 2727625 1290956 

Average 2720057 1283335 

Standard 

Deviation 
10227.133 8796.001 

%RSD 0.38 0.69 

 

                    a)                                                            b) 
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Figure 12. Intermediate precision (inter-day) results showing peak area consistency for (a) Aspirin and (b) 

Omeprazole over six replicate injections, with %RSD values of 0.38% and 0.69%, respectively, indicating good 

reproducibility of the RP-HPLC method. 

Linearity was evaluated over a concentration range of 20.25–121.50 µg/mL for Aspirin and 10–

60 µg/mL for Omeprazole. The calibration curves are shown in Figure 13, and the results are 

summarized in Table 10. The correlation coefficients (R²) were found to be 0.99983 for Aspirin and 

0.99981 for Omeprazole, indicating excellent linearity.  

 

a) 

 

b) 

Figure 13. Calibration curves showing the linear relationship between concentration and peak area for (a) 

Aspirin and (b) Omeprazole, with correlation coefficients (R²) of 0.99983 and 0.99981, respectively, indicating 

excellent linearity of the RP-HPLC method. 
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Table 10. Results of linearity for Aspirin & Omeprazole. 

S.NO 

Aspirin Omeprazole 

Conc.(µg/ml) Peak area Conc.(µg/ml) Peak area 

1 20.25 724355 10.00 331897 

2 40.50 1389604 20.00 663072 

3 60.75 2013896 30.00 962431 

4 81.00 2728462 40.00 1286541 

5 101.25 3425137 50.00 1602253 

6 121.50 4141720 60.00 1889428 

Regression 

equation 
y = 33801.73x +6998.21 y =12908.70x + 16825.71 

Slope 33801.73 31544.52 

Intercept 6998.21 15896.18 

R2 0.99983 0.99981 

Accuracy was evaluated using the standard addition method at three levels (80%, 100%, and 

120%), and the results are presented in Table 11 (Acetylsalicylic acid) and Table 12 (Omeprazole) and 

Figure 14. The mean percentage recovery was 99.9% for Acetylsalicylic acid and 100.0% for 

Omeprazole. These values fall within the acceptable range of 98–102%, indicating that the method is 

accurate. 

Table 11. Accuracy results of Aspirin by RP-HPLC method. 

%Concentration(at 

specification 

Level) 

Area 

Amount 

Added 

(mg) 

Amount 

Found 

(mg) 

% Recovery 
Mean 

Recovery 

80% 

4915263 14.58 14.59 100.1 

99.9 4903187 14.58 14.55 99.8 

4909866 14.58 14.57 99.9 

100% 

5446318 16.20 16.17 99.8 

100.0 5478749 16.20 16.26 100.4 

5440612 16.20 16.15 99.7 

120% 

5972161 17.82 17.73 99.5 

99.7 5991320 17.82 17.78 99.8 

5996224 17.82 17.80 99.9 

Table 12. The Accuracy results for Omeprazole by RP-HPLC method. 

%Concentration Area 
Amount 

Added 

Amount 

Found 
% Recovery 

Mean 

Recovery 
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(at specification 

Level) 

(mg) (mg) 

80% 

2316850 7.2 7.21 100.1 

100.1 2323568 7.2 7.23 100.4 

2308191 7.2 7.18 99.8 

100% 

2574813 8.0 8.01 100.1 

100.2 2590255 8.0 8.06 100.7 

2562161 8.0 7.97 99.7 

120% 

2828913 8.8 8.80 100.0 

99.7 2812106 8.8 8.75 99.4 

2820465 8.8 8.78 99.7 

 

              a)                                                         b) 

Figure 14. Accuracy (% recovery) results for (a) Aspirin and (b) Omeprazole at 80%, 100%, and 120% 

concentration levels, showing mean recovery values within the acceptable range (98–102%), indicating good 

accuracy of the RP-HPLC method. 

The assay results for Aspirin and Omeprazole are presented in Figure 15. The percentage assay 

values were found to be 99.7% for Aspirin and 100.2% for Omeprazole. These results indicate that the 

method is suitable for quantitative analysis of both drugs in pharmaceutical formulations. 
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Figure 15. Assay results (% label claim) for Aspirin and Omeprazole in INNOVIDA formulation, showing 

percentage assay values of 99.7% and 100.2%, respectively, within the acceptable limits (98–102%), confirming 

the suitability of the RP-HPLC method for quantitative analysis. 

Robustness was evaluated by intentionally varying chromatographic parameters such as flow 

rate and mobile phase composition. The results are presented in Table 13 (Acetylsalicylic acid) and 

Table 14 (Omeprazole). The variations did not significantly affect retention time, peak area, or system 

suitability parameters. The %RSD values remained within acceptable limits, confirming that the 

method is robust. Representative chromatograms are shown in Figure 16–19. 

Table 13. Robustness results of Aspirin by RP-HPLC. 

Parameter 

Aspirin  

Condition 

Retentio

n 

time(min

) 

Peak area 
Resolutio

n 

Tailin

g 

Plate 

count 
% RSD 

Flow rate 

Change 

(mL/min) 

Less flow 

(0.9ml) 
2.207 2624513 - 1.01 11142 0.57 

Actual 

(1.0ml) 
2.038 2726427 - 0.97 11485 0.17 

More flow 

(1.1ml) 
1.914 2916432 - 0.93 11644 0.53 

Organic 

Phase 

change 

Less Org 

(18:82) 
2.375 2481793 - 1.10 10813 0.31 

Actual 

(20:80) 
2.032 2732136 - 0.92 11413 0.17 
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More Org      

(22:78) 
1.808 3088792 - 0.88 11814 0.41 

Table 14. Robustness results of Omeprazole by RP-HPLC. 

Parameter 

Omeprazole 

Condition 

Retentio

n 

time(min

) 

Peak area 
Resolutio

n 

Tailin

g 

Plate 

count 
%RSD 

Flow rate 

Change 

(mL/min) 

Less flow 

(0.9ml) 
3.135 1126354 4.32 1.12 7429 0.50 

Actual 

(1.0ml) 
2.995 1282031 4.63 1.03 7693 0.42 

More flow 

(1.1ml) 
2.847 1436211 4.38 0.97 7978 0.73 

Organic 

Phase 

change 

Less Org 

(18:82) 
3.263 1028562 3.91 1.18 7107 0.99 

Actual 

(20:80) 
2.993 1277094 4.65 1.05 7677 0.42 

More Org      

(22:78) 
2.702 1589456 4.09 0.94 8276 1.12 

 

Figure 16. Chromatogram for less flow rate (0.9 ml). 

 

Figure 17. Chromatogram for more flow rate (1.1mL). 
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Figure 18. Chromatogram for less Organic Phase (18:82). 

 

Figure 19. Chromatogram for more Organic Phase (22:78). 

Forced degradation studies were carried out under acid, alkali, peroxide, reduction, thermal, 

photolytic, and hydrolytic stress conditions to assess the stability-indicating ability of the developed 

RP-HPLC method. The degradation results for Acetylsalicylic acid and Omeprazole are presented in 

Table 15 and Figure 20. Under acidic conditions, Acetylsalicylic acid showed 11.9% degradation, 

whereas Omeprazole showed 1.9% degradation. Under alkaline conditions, degradation was 11.2% 

for Acetylsalicylic acid and 12.3% for Omeprazole. Oxidative degradation using peroxide resulted in 

14.1% degradation for Acetylsalicylic acid and 13.3% for Omeprazole, indicating that both drugs were 

highly susceptible to oxidative stress. In contrast, reduction, thermal, and photolytic conditions 

produced relatively low degradation, while hydrolytic stress caused moderate degradation in both 

analytes. 

Table 15. Forced Degradation results for Aspirin and Omeprazole. 

Results: 

% 

Degradati

on results 

Aspirin Omeprazole 

Area 

% 

Assa

y 

% 

De

g 

Purit

y 

Angl

e 

Purity 

Thresho

ld 

Area 

% 

Assa

y 

% 

De

g 

Purit

y 

Angl

e 

Purity 

Thresho

ld 

Control 
271785

9 
100 0 1.632 3.011 

127965

7 
100 0 2.145 3.716 

Acid 
239365

4 
88.1 11.9 1.628 3.034 

125536

0 
98.1 1.9 2.173 3.742 
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Alkali 
241297

0 
88.8 11.2 1.667 3.068 

112179

8 
87.7 

12.

3 
2.121 3.738 

Peroxide 
233428

6 
85.9 14.1 1.605 3.017 

110872

4 
86.7 

13.

3 
2.169 3.719 

Reduction 
266246

3 
98.0 2.0 1.689 3.024 

124351

6 
97.2 2.8 2.105 3.765 

Thermal 
266709

1 
98.2 1.8 1.624 3.033 

126042

7 
98.5 1.5 2.127 3.744 

Photolytic 
268072

8 
98.7 1.3 1.688 3.076 

123423

8 
96.5 3.5 2.143 3.720 

Hydrolysi

s 

243130

0 
89.5 10.5 1.673 3.091 

114967

7 
89.9 

10.

1 
2.119 3.718 

        

                                              a) 

     

 

b) 
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c) 

 

d) 

 

e) 
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f) 

 

g) 

 

h) 

Figure 20. Representative RP-HPLC chromatograms of Aspirin and Omeprazole under different stress 

conditions: (a) acid degradation, (b) alkali degradation, (c) oxidative (peroxide) degradation, (d) reduction 

degradation, (e) thermal degradation, (f) photolytic degradation, (g) hydrolytic degradation, and (h) control 

sample, demonstrating the stability-indicating capability of the developed method. 
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Peak purity evaluation further confirmed the specificity of the method shown in Figure 21. For 

all stressed samples, the purity angle was lower than the purity threshold for both Aspirin and 

Omeprazole, demonstrating that the analyte peaks remained spectrally pure and that degradation 

products did not co-elute with the principal peaks. For example, in the peroxide degradation study, 

the purity angle/purity threshold values were 1.605/3.017 for Aspirin and 2.169/3.719 for Omeprazole. 

Similar results were observed for acid, alkali, reduction, thermal, photolytic, and hydrolytic 

degradation studies. These findings establish that the developed RP-HPLC method is stability-

indicating and suitable for analysis of Aspirin and Omeprazole in the presence of their degradation 

products. 

 

a) 

 

b) 

Figure 21. Peak purity plots of (a) Aspirin and (b) Omeprazole obtained by RP-HPLC-PDA analysis under acid 

stress conditions. The purity angle (PA) values of 1.628° and 2.173° were found to be less than the purity 

threshold (TH) values of 3.034° and 3.742° for Aspirin and Omeprazole, respectively, confirming the spectral 

homogeneity and peak purity of both analytes, thereby validating the stability-indicating capability of the 

developed method. 

The sensitivity of the developed RP-HPLC method was evaluated in terms of limit of detection 

(LOD) and limit of quantification (LOQ), and the results are depicted in Figure 22. The LOD and LOQ 

values for Aspirin were found to be 0.49 µg/mL and 1.62 µg/mL, respectively, while for Omeprazole, 

the LOD and LOQ values were 0.24 µg/mL and 0.80 µg/mL, respectively. The chromatograms 

corresponding to LOD and LOQ are presented in Figure 53 and Figure 54. These results indicate that 

the developed method is highly sensitive and capable of detecting and quantifying low 

concentrations of the analytes. 
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Figure 22. Sensitivity parameters (LOD and LOQ) for Aspirin and Omeprazole, showing LOD values of 0.49 

µg/mL and 0.24 µg/mL and LOQ values of 1.62 µg/mL and 0.80 µg/mL, respectively, indicating high sensitivity 

of the developed RP-HPLC method. 

4. Conclusion 

In this investigation, a straightforward, fast, reproducible, accurate, and stability-indicating RP-

HPLC technique was effectively established, refined, and confirmed for the concurrent quantification 

of Acetylsalicylic acid and Omeprazole in combined drug products. The separation process was 

carried out using a Luna Phenyl Hexyl column (250 × 4.6 mm, 5 µm) with a mobile phase composed 

of Acetonitrile and 0.1% Perchloric acid mixed at 20:80 (v/v), delivered at 1.0 mL/min, and monitored 

at 249 nm. The overall analysis time of 5 minutes, featuring distinct peaks at 2.038 minutes for 

Acetylsalicylic acid and 2.995 minutes for Omeprazole, highlights the effectiveness and speed of the 

proposed procedure. 

The technique underwent thorough validation in line with ICH Q2(R1) requirements and 

produced acceptable outcomes across all validation parameters. Key system suitability indicators—

such as resolution (4.63), asymmetry factor, and theoretical plate number—fell well within the 

prescribed limits, affirming the dependability and consistency of the chromatographic setup. A 

strong linear relationship between analyte concentration and detector response was observed over a 

broad concentration range, supported by excellent correlation coefficients for both compounds. 

Recovery experiments conducted at 80%, 100%, and 120% levels confirmed the method’s accuracy, 

with mean recovery values lying between 98% and 102%. Precision assessments, covering system 

repeatability, method repeatability, and intermediate precision, produced %RSD values significantly 

below 2%, demonstrating outstanding consistency and reproducibility. 

Robustness testing through intentional minor adjustments in chromatographic parameters—

including flow rate and mobile phase ratio—showed that the method remained unaffected by small 

variations, confirming its suitability for routine laboratory use. The method’s high sensitivity was 

evidenced by low LOD and LOQ figures: 0.49 µg/mL and 1.62 µg/mL for Acetylsalicylic acid, and 

0.24 µg/mL and 0.80 µg/mL for Omeprazole, respectively, enabling the detection of trace amounts of 

both substances. 
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Forced degradation experiments performed under acidic, alkaline, oxidative, reductive, thermal, 

photolytic, and hydrolytic conditions revealed considerable breakdown of both medications under 

severe environments, especially during oxidative and alkaline stress. Crucially, for every stress 

condition examined, the purity angle of both Acetylsalicylic acid and Omeprazole remained 

consistently lower than their corresponding purity threshold values, confirming the spectral 

homogeneity and chromatographic peak purity of the analytes. This firmly establishes the stability-

indicating nature of the developed approach, proving its capacity to accurately measure the 

unchanged active ingredients even in the presence of their decomposition products without any 

chromatographic interference. 

Finally, the analysis of a commercially available tablet formulation yielded percentage assay 

values within pharmacopoeial acceptance limits for both Acetylsalicylic acid and Omeprazole, 

further confirming the practical utility of this method for everyday quality control testing 
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