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Abstract 
A reverse-phase high-performance liquid chromatography (RP-HPLC) method was developed and 

validated for determination and quantification the pharmaceutically active ingredients Phenylephrine 

hydrochloride, Paracetamol, Caffeine and Chlorpheniramine maleate in tablets. The developed method 

was validated according to the ICH guidelines. Isocratic elution was performed with a mobile phase 

water: methanol:glacial acetic acid (70:25:5 v/v/v) mixture. The flow rate was 1.0 mL min-1 and UV 

detection was at 275 nm. The internal standards Phenylephrine hydrochloride, Paracetamol, Caffeine and 

Chlorpheniramine maleate retention times were within 4.07, 6.80, 9.70 and 26.46 minutes, respectively. 

The developed method was accurate, precise, robust and rapid enough. So it was applied successfully for 

the quality control assay of Paracetamol, Caffeine, Phenylephrine hydrochloride and Chlorpheniramine 

maleate in tablet dosage form. 
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Introduction 

Paracetamol (PAR), Phenylephrine hydrochloride (PE) and Chlorpheniramine maleate (CPM) 

are commonly used in clinical practice as antipyretic and analgesic drugs to ameliorate pain 

and fever in cold and flu conditions. Paracetamol, also known as acetaminophen, is a 

medication used to treat fever and mild to moderate pain [1-4]. At a standard dose paracetamol 

only slightly decreases body temperature. Paracetamol significantly relieves pain in acute 

migraine but only slightly in episodic tension headache. However, the paracetamol/caffeine 

combination helps with both conditions and is recommended as a first-line treatment for them. 

Phenylephrine is a medication primarily used as a decongestant, to dilate the pupil, to increase 

blood pressure, and to relieve hemorrhoids [5]. Chlorpheniramine maleate, being a first-

generation alkyl amine antihistamine, H1 - receptor antagonist, is used to treat runny nose, 

sneezing, itching, and watery eyes caused by allergies, the common cold, or the flu by 

reducing the effects of natural chemical histamine in the body [6]. Caffeine (CAF) is a central 

nervous system (CNS) stimulant of the methylxanthine class. It is the world's most widely 

consumed psychoactive drug [7]. 

HPLC provides a sensitive and precise technique to separate and to identify active compounds 

in medical products. Reverse phase-high performance chromatography (RP-HPLC) is a 

common analytical method widely used for the development and characterization of 

pharmaceutical and natural substances [8-10]. 
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Experimental 

Materials and reagents: Paracetamol was obtained from 

Changshu Huagang Pharmaceuticals Co. Ltd (China), 

Phenylephrine hydrochloride was received from Shenzhen 

Oriental Pharmaceuticals Co. Ltd (China), Chlorpheniramine 

maleate was obtained from Supriya Life science Ltd. (India) 

and Caffeine was supplied by Siegfried Pharma Chemikalien 

Minden GmbH (Germany). 

HPLC grade acetonitrile was purchased from VWR Chemical 

(France). Water was purified by a Milli-Q water purification 

system (Millipore, Bedford, MA, USA). 

 

Equipment 

The modular Shimadzu Nexera X2 HPLC system is consisted 

of the following parts, each of them is produced by Shimadzu 

USA Manufacturing, Inc.: An autosampler SIL-30AC, a 

liquid chromatograph LC-30AD, a column oven CTO-30A; a 

binary pump; a prominence UV–Vis detector SPD-20AV; a 

degassing unit DGU-20A5R and a communications bus 

module CMB-20A. The chromatographic parameters (peak 

areas, retention times, theoretical plates etc.) were recorded 

and calculated by Shimadzu LabSolutions v.5.73 software 

running under MS Windows 7. HPLC experiments were 

performed isocratically at room temperature on a stainless-

steel column filled with octadecylsilane chemically bonded to 

porous silica particles (InertSustain C18, 5 µ, 250 mm x 4.6 

mm, Japan). All pH measurements were performed on 

«Metrohm» 827 рН Lab (Switzerland). Weighing was carried 

out on an electronic analytical scales QUINTIX 224-10RU, 

Sartorius Lab Instrument GmbH (Germany). 

 

Chromatographic conditions 
Instrument: HPLC Shimadzu Nexera X2, Japan; 

Equipment: Liquid Chromatograph with UV detector with 

variable wavelength and column-thermostat; 

Column: InertSustain C18 5 μm 4.6 x 250 mm or equivalent. 

Flow rate: 0.5 ml/min; 

Detection wavelength: 275 nm; 

Injection volume: 5 μl; 

Column temperature: Room temperature; 

Degassing: Ultrasonic; 

Filter: 0.22 μm syringe filter; 

Mobile phase: Purified water, methanol, and glacial acetic 

acid in the ratios of 70:25:5. 

Method validation 

The suggested method was subjected to validation for the 

several parameters such as the system suitability, specificity, 

range and linearity, accuracy and precision in accordance with 

the International Conference on Harmonization guidelines 

(ICH) [11]. Then the system suitability, repeatability, peaks 

symmetry (symmetry factor), theoretical plates of the column, 

resolution between the peaks, tailing factor and relative 

retention time were assessed. The concentration of each active 

compound in solution was as follows: 20 μg/ml CPM, 100 

μg/ml PE, 5000 μg/ml PAR and 300 μg/ml CAF in placebo. 

The chromatograms of the test sample solutions were 

compared with that of the reference standard. The linearity of 

an analytical method is of high importance for the 

confirmation of the method’s sensitivity for the analysis of the 

analyte’s concentration within a defined range, which can be 

explained as its capability to show that the results are directly 

proportional to the concentration of the analyte in the sample. 

As per the method validation ICH Q2(R1) guideline, linearity 

of a given response must be evaluated using at least a 

minimum of 5 concentrations of the analyte (multi-point 

calibration) and the data must be statistically analyzed, e.g. by 

performing regression analysis using the method of the least 

squares. So the calibration curve was graphically plotted 

using increasing amounts of a standard solution (80, 90, 100, 

110 and 120%) of all four active ingredients according to the 

ICH guidelines and this proposed method was evaluated by its 

correlation coefficient and intercept value which were found 

within the limit. 

The next step of the validation the accuracy was studied as 

mean % recovery. In this step the recoveries of the model 

samples composed of the active components CPM, PE, PAR 

and CAF in placebo at the concentration range 80, 100 and 

120% were investigated.  

The experiments on the repeatability of the method have been 

performed twice on different days. On each day we studied 

six solutions of 100% concentration of those four active 

components of the drug. The% RSD (the relative standard 

deviation) of each component of the drug is determined to be 

less than 2%. 

 

Preparation of standard solutions 

1. Preparation of a standard solution of Chlorpheniramine 

maleate (CMP) 

A working standard solution containing CPM 1.0 mg/ml was 

prepared by dissolving 25 mg (accurately weighed) of CPM 

(BP, USP) in a 25 ml volumetric flask, dissolved in 15 ml of 

0.1 M hydrochloric acid solution, sonicated for 15 minutes, 
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then the volume of the resulting solution brought with the 

mobile phase to the mark and mixed. 

 

2. Preparation of a mixed standard solution of 

Paracetamol, Caffeine, Phenylephrine hydrochloride and 

Chlorpheniramine maleate 

About 500 mg (accurately weighed) paracetamol (PAR) (BP, 

USP), about 10 mg (accurately weighed) phenylephrine 

hydrochloride (PE), about 30 mg (accurately weighed) 

caffeine (CAF) (BP, USP) were placed in a 100 ml volumetric 

flask, dissolved in 60 ml 0.1 M hydrochloric acid solution, 

sonicated until dissolved for 5 min, 2 ml of a standard 

solution of chlorpheniramine maleate (CPM) was added, 

brought the volume of the resulting solution to the mark with 

the mobile phase and mixed. 

 

Preparation of sample solutions 

Finely powdered and accurately weighed sample containing 

20 μg/ml CPM, 100 μg/ml PE, 5000 μg/ml PAR and 300 

μg/ml CAF was transferred into a 100 ml volumetric flask. 

About 50 ml of 0.1 M hydrochloric acid was added and 

solution was ultrasonicated for 15 min, finally its volume 

adjusted to the mark by 0.1 M hydrochloric acid, mixed and 

filtered. 

Results and Discussion  

Quality control of drug products is of highest practical 

importance. Of instrumental methods of analysis HPLC 

method is most often used for the quantitation of drug 

substances. The purpose of this investigation was to develop a 

rapid, sensitive, accurate, precise and reliable HPLC method 

for the analysis of the drug containing PAR, CPM, PE and 

CAF. 

We developed the validation method for the determination 

active compounds PAR, CPM, PE and CAF in an isocratic 

mode using the reverse phase C18 column, which separated 

the drug active components efficiently. All studies have been 

carried out according to the ICH guideline. 

The mobile phase consisting of purified water, methanol and 

glacial acetic acid in the ratios of 70:25:5 is found to be 

optimal. 

 

Method Validation 

System suitability check: To determine the suitability and 

effectiveness of this chromatographic system the system 

suitability check for this method has been done. The 

characteristic chromatographic parameters, such as the 

number of effective theoretical plates, resolution, asymmetry, 

detection limit and selectivity have been established and the 

obtained results are summarized in Table 1. 

Table 1: System suitability check 
 

Parameter PAR CAF PE CPM 

Retention time (Rt/min) 6.80 9.70 4.07 26.46 

Resolution (Rs) 11.3 9.1 - 23.8 

Theoretical plates (N) 9287 11650 6592 10202 

Tailing factor (T) 1.11 1.02 1.28 1.08 

 

Range and linearity 

The common guideline used for method validation, the ICH 

Q2 (R1), defines range as an interval from the upper to the 

lower concentration of the analyte in the sample e.g. drugs for 

which the analytical method has been demonstrated to work 

with acceptable level of trueness, precision, and linearity. The 

linearity studies for a method usually define the range for it. 

Range is a parameter that needs to be evaluated during the 

validation of QC laboratory purity tests and assay methods. 

The method validation guideline ICH Q2(R1) recommends 

for assay tests the range should be 80 to 120% of the test 

concentration. 

The suitability of the analytical method is proved by the 

linearity in the defined concentration range (Figure 2). The 

regression statistics are shown in Tables 2.1. - 2.4. The 

correlation coefficients (r) for PAR, CAF, CPM and PE were 

found to be 0.996, 0.997, 0.997 and 0.997 respectively. It 

indicated functional linear relationship between the analyte 

concentration and the peak area. 

 

Accuracy 

The accuracy was evaluated by the recovery of PAR, CAF, 

CPM and PE at three different percentage concentrations (80, 

100 and 120%). The results of accuracy studies are shown in 

Tables 3.1 - 3.4. The recoveries of PAR, CAF, CPM, PE were 

calculated to be 99.06 - 99.94%, 99.08 - 100.71%, 99.50 - 

101.16% and 97.42 - 100.88%, respectively, with the RSD 

0.30%, 0.71%, 0.51% and 1.08%, respectively. As the RSD < 

2, the method can be concluded to be accurate within the 

desired range. 

Precision 

The method repeatability was determined by inter-day 

precision. The experimental values gotten for the repeatability 

of PAR, CAF, CPM and PE in the samples are given in Table 

4. The variability was calculated by performing the assay on 

two days, and the average RSD was < 2% (Tables 4.1 - 4.4). 

All the data received were within the acceptance criteria. 

 

Specificity: The specificity of the drug formulation composed 

of PAR, CAF, CPM and PE with the excipient compounds 

was investigated. The resolution between the peaks of 

components was good. 

 
Table 2.1: Linearity of Paracetamol 
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Table 2.2: Linearity of Caffeine 

 

 
 

Table 2.3: Linearity of Chlorpheniramine maleate 
 

 
 

Table 2.4: Linearity of Phenylephrine hydrochloride 
 

 
 

Table 3.1: Accuracy of Paracetamol 
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Table 3.2: Accuracy of Phenylephrine hydrochloride 

 

 
 

Table 3.3: Accuracy of Caffeine 
 

 
 

Table 3.4: Accuracy of Chlorpheniramine maleate 
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Precision 

 
Table 4.1: Precision of the Method for Paracetamol 

 

 
 

Table 4.2: Precision of the Method for Phenylephrine hydrochloride 
 

 
 

Table 4.3: Precision of the Method for Caffeine 
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Table 4.4: Precision of the Method for Chlorpheniramine maleate 

 

 
 

Conclusion 

The simultaneous determination of PAR, CAF, CPM and PE 

in pharmaceutical dosage form by the reverse-phase HPLC 

was developed and by validation proved to be suitable for the 

quality control.  

The method is simple, accurate selective and linear over the 

concentration range (80 - 120%) with a correlation coefficient 

of 0.998. All components of the drug including the excipients 

show no interference in the determination. The RSD was 

calculated to be less than 2% proving high precision of the 

proposed method. We hope chemists will find the method 

useful in a quality control of pharmaceuticals. 
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