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Abstract: Nonsteroidal anti-inflammatory drugs (NSAIDs), which block the activity of cyclooxy-

genase (COX) isoenzymes and inhibit the synthesis of prostaglandin, have been used for pain relief. 

We have developed a method to separate a mixture of three NSAIDs, such as aspirin, paracetamol, 

and naproxen, using reverse-phase high-performance liquid chromatography (RP-HPLC). An iso-

cratic mobile phase consisting of acidic water and acetonitrile was selected to run at a low flow rate, 

such as 0.8 mL/min. The mixture of three NSAIDs was injected at a low volume into a C18 column 

that was 150 mm in length and characterized using a UV detector at 230 nm. We identified three 

peaks in the chromatogram indicating the three compounds. The elution time of the peaks was less 

than 10 min. To identify multiple peaks on the isocratic flow using a short column, further studies 

are required regarding the proposed method to generate microfluidic devices for nanoLC. 

Keywords: HPLC; NSAIDs; Isocratic; Short column; Drug mixture 

 

1. Introduction 

As the use of multi-component drugs increases in medicine, there is a need for a 

quantitative method to analyze the components in a drug mixture accurately [1-5]. Chro-

matography, a method that separates a mixture of ingredients based on their molecular 

structure and composition, has been widely used for protein purification and antibody 

separation [6,7]. In combination with mass spectrometry, chromatography has been an 

essential part of proteomic analysis. [8-13]. High-performance liquid chromatography 

(HPLC) has been adapted to analyze multi-component drugs by adjusting the affinity be-

tween the surfactant of column beads and the drug molecules according to size and elec-

tric charges. The microfluidic-based nanoLC method has recently become a powerful tool 

for the simultaneous determination of the chemical compounds in a mixture [14-17]. 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are regarded as cyclooxygenase 

(COX) inhibitors and generally prescribed as pain relievers for headaches, rheumatoid 

arthritis, postoperative pain, and orthopedic fractures [18-20]. Despite NSAIDs’ beneficial 

effects, their use has been limited due to their side effects, such as mucosal injury to the 

gastrointestinal tract and the risk of thrombotic cardiovascular events [21-25]. Aspirin (2-

acetoxybenzoic acid), paracetamol (N-acetyl-para-aminophenol), and naproxen [(S)-(+)-2-

(6-Methoxy-2-naphthyl) propionic acid] are classic NSAIDs available in local drug stores. 

The chemical structures are shown in Figure 1. Tablets with a fixed-dose combination of 

NSAIDs with caffeine are more effective than the individual NSAIDs [2,3]. Also, NSAID 

mixtures with gastric ulcer reducers, such as omeprazole, esomeprazole, and pantopra-

zole acting as proton pump inhibitors, are broadly used to reduce the gastric side effect of 

NSAIDs [1,4,5]. Therefore, there is growing research on the simultaneous analysis of drug 

mixtures using chromatography. 
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Figure 1. The structures of (A) 2-Acetoxybenzoic acid (aspirin), (B) N-acetyl-para-aminophenol (paracetamol), (C) (S)-(+)-

2-(6-Methoxy-2-naphthyl) propionic acid (naproxen). 

HPLC methods have been used for the quantitative and qualitative analysis of 

NSAIDs [26-40]. Isocratic methods are used to determine one or two compounds, while 

gradient methods are used for multiple drugs [26]. However, it is challenging to separate 

the multiple components in a drug with an isocratic method using a short column. Here 

we present an isocratic RP-HPLC method that determines the aspirin, paracetamol, and 

naproxen in a combined solution. This method provides a timely and cost-effective way 

to determine the NSAIDs with its combination with other drugs. 

2. Materials and Methods 

2.1. Chemicals and solvents 

HPLC grade acetonitrile (Honeywell Burdick & Jackson, Ulsan, Korea), and analyti-

cal reagent grade orthophosphoric acid 85%, potassium dihydrogen phosphate, and tri-

ethylamine (Merck, Darmstadt, Germany) were purchased. Water was purified using a 

Smart2Pure (Thermo Scientific) system. The mobile phase was filtered using PTFE mem-

brane filter of 0.45 μm pore size. Each aspirin (Bayer Bitterfeld GmbH), paracetamol 

(Janssen Korea Ltd.), and naproxen (Chong Kun Dang Pharma, Korea) tablet contains 500 

mg of active pharmaceutical ingredient (API). 

2.2. First dilution to prepare stock solutions of aspirin, paracetamol, and naproxen 

The first dilution procedures to prepare stock solutions are described in Figure 1(a). 

For aspirin, paracetamol, and naproxen tablets, 10 tablets of each drug were ground to a 

fine powder using a glass mortar and pestle. Aspirin (60.0 mg), paracetamol (30.3 mg), 

and naproxen (52.0 mg) were transferred to 100 mL volumetric flask each. A mixture of 

acetonitrile and water at a ratio of 70:30 was used as a diluent. Approximately, 75 mL of  

diluent was added to each volumetric flask. The solutions were shaken and sonicated for 

15 min. After cooling down the solution, the 100 mL volumetric flasks were completely 

filled with the diluent. Each solution was stored as a stock solution of aspirin, paraceta-

mol, and naproxen. 

2.3. Second dilution by mobile phases to prepare individual drug solutions 

The second dilution procedure was conducted to prepare individual drug solution 

as shown in Figure 1(b). From each stock solution of aspirin, paracetamol, and naproxen, 

2 mL was transferred to each 50 mL volumetric flask. Then, the volumetric flasks were 

completely filled with different mobile phases. The mobile phase solutions consisted of 

acidic water and acetonitrile with different ratios and pH, depending on the individual 

drug components as listed in Table 1. By considering the pKa values of aspirin, paraceta-

mol, and naproxen, the pH concentrations of the mobile phases were carefully controlled. 

The pH was adjusted by adding phosphoric acid to the ultrapure water. The second-di-

luted solutions of the individual drugs were transferred to the HPLC vial via 0.25 μm 

PTFE filters. 
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2.4. Drug mixture 

For preparing the drug mixture, 2 mL stock solutions of aspirin, paracetamol, and 

naproxen are combined in a 50 mL volumetric flask, as shown in the right-hand-side panel 

in Figure 2(b). The flask was completely filled with a mobile phase solution. For the drug 

mixture solution, the mobile phase consisted of acidic water (pH 2.5) and acetonitrile at 

the ratio of 85:15, as noted in Table.1. The drug mixture solution was transferred to the 

HPLC vial through a 0.25 μm PTFE filter. 

 

Figure 2. (a) First dilution of aspirin, paracetamol, and naproxen to prepare stock solutions, (b) Second dilution and drug 

mixture preparation. (c) A schematic of high-performance liquid chromatography (HPLC). A reservoir holds the solvent, 

and a high-pressure pump is used to generate and meter a specified flow rate of the mobile phase. An injector introduces 

the sample into the mobile phase for the sample to pass through the HPLC column. The UV detector detects the separated 

compound bands as they are eluted from the HPLC column. 

2.5. HPLC instrumentation 

As described in Figure 2(c), the Waters HPLC system includes a gradient multi-sol-

vent delivery system (Delta 600), helium degasser, Waters 717plus Autosampler, and a 

UV/VIS detector model 2489. A Waters Empower 2 software was used to control the sys-

tem. HPLC analysis was conducted isocratically at room temperature using a Waters At-

lantis C18 (150 mm × 4.6 mm, 3 μm) column. 

2.6. Chromatographic conditions 

The mobile phase consisted of ultra-pure water of variable pH and acetonitrile. The 

pH was adjusted for individual optimum run conditions. The flow rate was varied from 

0.8 to 1.0 mL/ min and the eluent was monitored with an UV detector ranging 230 to 260 

nm. The detailed chromatographic conditions are elaborated in Table 1. 
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Table 1. Chromatographic conditions for nonsteroidal anti-inflammatory drugs. 

 Aspirin Paracetamol Naproxen Mixture 

Stationary phase 
C18 (150 mm × 4.6 

mm, 3 µm) 

C18 (150 mm × 4.6 

mm, 3 µm) 

C18 (150 mm × 4.6 

mm, 3 µm) 

C18 (150 mm x 4.6 

mm, 3 µm) 

Detector-Wavelength UV 230 nm  UV 260 nm UV 230 nm UV 230 nm 

Mobile phase 
Acidic water (pH 3.0): 

Acetonitrile = 60:40 

Acidic water (pH 3.5): 

Acetonitrile = 75:25 

Acidic water (pH 2.5): 

Acetonitrile = 87:13 

Acidic water (pH 2.5): 

Acetonitrile = 85:15 

Flow rate (mL/min) 1 1 1 0.8 

Injection volume (μL) 10 20 10 15 

Run time (min) 15 10 10 15 

3. Results and Discussion 

3.1. Net charge of aspirin, paracetamol, and naproxen 

The pKa values of aspirin, paracetamol, and naproxen are 3.41, 9.46, and 4.19, respec-

tively. As shown in Figure 1, aspirin and naproxen have a COOH group as an acid func-

tional group. In contrast, paracetamol has a -NH- group as a basic functional group. 

Therefore, in an acidic solution, that is, in a solution having a pH value of approximately 

≤3, the net charge of aspirin and naproxen is 0, whereas paracetamol has a net charge of 

+1. 

3.2. The polarity of drug molecule 

As shown in Figure 1, naproxen has two conjugated phenyl rings, whereas aspirin 

and paracetamol have one phenyl ring each. Furthermore, in the analysis of the dipole 

moment among atoms based on the difference in the electronegativity, it is noticed that 

paracetamol has the functional groups of -OH, -NH-, C=O, in which O and N have rela-

tively large electronegativity values. Interestingly, all O and N atoms are directed down-

wards, implying the enhancement of polarity. 

Aspirin has COOH and one ester bond, paracetamol has one OH and one amide 

bond, and naproxen has one COOH functional group. In terms of coordination of the 

functional groups, paracetamol is expected to be the most polar molecule among them. In 

naproxen, there are two conjugate rings with only one polar functional group; thus, the 

polarity is expected to be the lowest. 

 

Molecular polarity: Paracetamol > Aspirin > Naproxen 

 

The prediction is well reflected in the experimental results. As shown in Figure 3, in 

the case of retention time, paracetamol is the least, followed by aspirin and naproxen. 

Since the stationary phase of RP-HPLC is a hydrophobic material such as C18, the greater 

the polarity of the analyte molecule, the less affinity with the stationary phase, reducing 

retention time [41]. Table 2 shows the results of RP-HPLC chromatograms for aspirin, pa-

racetamol, and naproxen. Our theory and the experimental results are well-matched. The 

tendency of the retention time of aspirin, paracetamol, and naproxen are also consistent 

with the results reported in other studies [26]. 
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Figure 3. High-performance liquid chromatography (HPLC) chromatograms of the analysis of the nonsteroidal anti-inflamma-

tory drugs showing the separation in the isocratic program. The peak of (A) aspirin, (B) paracetamol, (C) naproxen, and (D) a 

combination of aspirin, paracetamol, and naproxen. 

Table 2. Chromatogram summary of aspirin, paracetamol, naproxen, and their mixture 

 Aspirin Paracetamol Naproxen 
Mixture 

Aspirin Paracetamol Naproxen 

Retention 

time (Rt) 
3.31 2.55 4.94 3.15 2.82 5.52 

Resolution 

factor (Rf) 
- - - 0.68 - 5.28 

Number of 

theoretical 

plates (N) 

8412 7421 112180 8642 7913 113582 

Tailing factor 

(Tf) 
1.13 1.05 1.22 1.31 N/A 1.09 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 July 2021                   doi:10.20944/preprints202107.0229.v1

https://doi.org/10.20944/preprints202107.0229.v1


 

4. Conclusions 

In conclusion, we have developed an isocratic RP-HPLC method to analyze a mixture of NSAIDs, 

including aspirin, paracetamol, and naproxen. We have identified an optimal isocratic condition for 

analyzing the mixture of aspirin, paracetamol, and naproxen by adjusting the mobile phase and pH 

parameters. The parameter adjusting principle can be used for the identification of combination 

drugs, such as caffeine and proton inhibitors, with NSAIDs. The protocol described here can also be 

utilized for the high-resolution separation of drug components by microfluid-based nanoLC tech-

nology. 
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