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ABSTRACT: Paracetamol, caffeine, phenylephrine, and chlorphenamine 

maleate are available on the market to treat pains, psychoactive disorders, 

and bronchopulmonary disorders. The objective was to develop a single 

HPLC method to determine paracetamol, caffeine, phenylephrine HCl, 

chlorphenamine maleate, and its impurities in flu cold tablets 

combination dosage form. No analytical method is available to assess the 

quality of flu cold tablets' combination dosage form; hence the present 

research was taken. The evaluated method was validated with Inert 

sustain C18 AQ  250 mm x4.6 mm, 3µm column, flow rate of  0.7 

mL/min, 220 nm wavelength, 50 µL injection volume, 35 °C column 

temperature and gradient program run time 160 min and also used the pH 

2.5 and 4.0 phosphate buffer. This single method was developed and 

validated with precision, accuracy, ruggedness, linearity, robustness, and 

specificity by following ICH and USP validation of compendial 

procedures. The degradation study was performed at all stress conditions 

such as water hydrolysis, acid hydrolysis, base hydrolysis, oxidation, 

thermal and light exposure, the peak purity of each active pharmaceutical 

ingredient in combination dosage form less than peak threshold, which 

indicates that developed and validated HPLC method was stability-

indicating. 

INTRODUCTION: Paracetamol is also called 

acetaminophen and APAP. Paracetamol's chemical 

name is 4- hydroxyl acetanilide. It is used to treat 

pain and fever and works as centrally and 

peripherally acting non-opioid analgesic and 

antipyretic drug 
1
.  
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Paracetamol is available in market in different 

dosage forms such as tablets, capsules, drops, 

elixirs, suspension and suppositories. The 

maximum daily dose for adults is 3-4 grams 
2
. 

Caffeine belongs to the central nervous system 

(CNS) stimulant of methylxanthine class and 

widely used psychoactive drug 
3
. Caffeine has both 

positive and negative health effects. It can be used 

to treat premature infant breathing disorders 

bronchopulmonary dysplasia 
4
. Chlorphenamine is 

the first generation antihistamine drug 
5
. The 

general application is allergic symptoms prevention 

such as rhinitis and urticarial 
6
.  
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Phenylephrine is phenethylamine class medicine 

and is used as a decongestant 
7-8

. It is an agent to 

dilate the pupil to increase blood pressure and 

relieve haemorrhoids. Four medicinal products are 

available in the market in tablets, syrups and 

injection dosage forms. Individual and combination 

products are available.  

Paracetamol, caffeine, phenylephrine HCl and 

chlorphenamine maleate tablets (500 mg + 30 mg + 

5 mg + 2 mg) are new combination product and 

available in the market Fig. 1. The chemical 

structure of four active components and their 

impurities are represented in Table 1. 

TABLE 1: STRUCTURES AND ITS THERAPEUTIC ACTIVITIES OF SELECTED DRUGS 

Name of Compound Structure M. wt Therapeutic activities 

 

Paracetamol 

 

 

151.17 

Medication used to treat 

pain and fever 

Paracetamol 

Impurity-F 
 

139.11  

NA 

Paracetamol 

Impurity-J 

 

 

169.61 

 

NA 

Paracetamol 

Impurity-K 
 

109.13 NA 

 

Caffeine 

 

 

194.19 

A central nervous system 

stimulant of the 

methylxanthine class 

 

Caffeine 

Impurity-A 

 

 

180.17 

 

NA 

 

Caffeine 

Impurity-E 

 
 

 

168.20 

 

NA 

 

Phenylephrine HCl 

 

 

203.67 

Medication used as a 

decongestant 

 

Phenylephrine HCl 

Impurity-C 
 

 

201.65 

 

NA 

 

Phenylephrine HCl 

Impurity-E  

 

255.32 

 

NA 

 

 

 

Chlorphenamine Maleate 

 

 

 

 

390.86 

Medication used to treat the 

symptoms of allergic 

conditions 

 

 

Chlorphenamine Maleate 

Impurity-C 
 

 

 

 

376.84 

 

 

 

NA 

 

Chlorphenamine Maleate 

Impurity-E 

 

 

 

 

415.87 

 

 

NA 
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FIG. 1: CHEMICAL STRUCTURE OF THE FOUR ACTIVE COMPONENTS AND THEIR IMPURITIES 

Impurities chemical names are Paracetamol imp-J: 

N-(4-chlorophenyl) acetamide; Paracetamol imp-K: 

4-aminophenol; Paracetamol imp-F: 4-nitrophenol; 

Caffeine imp-A: 1, 3-dimethyl-1H-purine-2, 6 

(3H,9H)-dione; Caffeine imp-E:N,1-dimethyl-4-

(methylamino) - 1H - imidazole - 5-carboxamide; 

PE imp-C: 1 - (3 - hydroxyphenyl) – 2  -(methyl-

amino) ethanone hydrochloride; PE imp-E: 1-(3-

hydroxyphenyl)-2-(methyl (phenethyl) amino) 

ethanone; CPM imp-C: 3-(4-chlorophenyl)-N-

methyl-3-(pyridin-2-yl)propan-1-amine maleate 

and CPM imp-D: 2-(4-chlorophenyl)-4-

(dimethylamino)-2-(pyridin-2-yl) butanenitrile 

maleate. Literature survey was performed and 

found multiple methods to determine each 

component in an individual product and 

combination with other ingredients. No single 

method is reported to determine these four active 

medicines in the same combination product 
9-23

. 

Hence, the main objective of this research work is 

to develop a single HPLC method to determine the 

four active drugs and their related impurities.  

MATERIALS AND METHOD: 

Chemicals Reagents: Analytical reagent grade 

tetrabutylammonium hydrogen sulphate (TBAHS) 

purchased from Rankem (Mumbai, India). HPLC 

grade methanol purchased from Rankem and 

Millipore Milli Q purification system purchased 

from Bangalore, India.  

HPLC Instrument: Waters Alliance 2695 

separations module equipped with gradient elution 

capability, 2487 UV detector, and an autosampler. 

Empower work station data handling system. 

Chromatographic Conditions: Inert Sustain C18 

AQ250x4.6 mm, 3µm equivalent column, flow rate 

0.7mL/min, 220 nm wavelength, 50 µL injection 

volume, column temperature 35 °C were used. Run 

time 160 min was performed. The gradient program 

is represented in Table 1. Mobile phase  A was pH 

2.5 potassium di-hydrogen phosphate buffer; 

mobile phase B was Mix accurately 950 mL of 

acetonitrile with 50 mL of water and mobile phase 

CpH 4.0 potassium di-hydrogen phosphate buffer. 

Diluent was 950 mL of 2.5 pH buffer and 50 ml 

acetonitrile. 

Solutions Preparations: Standard solution:(PE 

and CPM) 50.0 mg of PE HCl and 64 mg CPM 

standards into 100 Ml volumetric flask, 60mLof 

diluent added and sonicated to dissolve and made 

up to volume with diluent and mixed. 5mL of 

above solution into 100 ml diluted with diluent. 

Again diluted 4mL of this solution into 100 ml with 

diluent. 

CPM Impurity C Stock: 3mg of CMP impurity C 

standard transferred in to 50mLand diluted with 

diluent. 

Resolution Solution: 10mg of CPM in 50mL 

volumetric flask and add 1.0Ml of CPM impurity C 

stock and dilute with diluent. 

Sample Solution (PE and CPM): 10 tablets 

dropped into 100Ml volumetric flask, 60mL of 

diluent added and sonicated for 25min and diluted. 

The standard solution chromatograms are 

represented in Fig. 2. 
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FIG. 2: STANDARD SOLUTION CHROMATOGRAM OF PE: PHENYLEPHRINE, CP: CHLORPHENAMINE 

Preparation of Phenylephrine Hydrochloride 

and Chlorpheniramine Maleate Standard Stock 

Solution: Weighed accurately and transferred 

about 125 mg of phenylephrine hydrochloride 

working standard or reference standard, 50 mg of 

chlorpheniramine Maleate working standard or 

reference standard into a 50 mL volumetric flask, 

add 35 mL diluent, sonicate to dissolve and made 

up to mark with diluent and mixed well. 

Preparation of Standard Stock Solution: 

Weighed accurately and transferred about 250 mg 

of paracetamol working standard or reference 

standard and 75 mg of caffeine working standard or 

reference standard in 50mL volumetric flask to its 

pipette 5 mL of phenylephrine hydrochloride and 

chlorpheniramine maleate standard stock solution 

and 35mL diluent, sonicate to dissolve and made 

up to mark with diluent and mixed well.  

Preparation of Standard-1 Solution: 

Concentration is about phenylepherine hydro-

chloride (1.25 µg/mL equivalent to 0.5% of 250 

µg/mL), chlorphenaramine maleate (0.5 µg/mL 

equivalent to 0.5% of 100 µg/mL), caffeine (7.5 

µg/mL equivalent to 0.5% of 1500 µg/mL) and 

paracetamol (25 µg/mL equivalent to 0.1% of 

25000 µg/mL). Pipette 5 mL of standard stock 

solution in to a 100 mL volumetric flask and made 

up to mark with diluent and mixed well. Pipette 5 

mL of above solution in to a 50 mL volumetric 

flask and made up to mark with diluent and mixed 

well. 

Preparation of Standard-2 Solution: Pipette 5 

mL of standard-1 solution into a 50 mL volumetric 

flask and made up to mark with diluent and mixed 

well. 

Preparation of test Solution: 497.44 mg of 

paracetamol, 36.79 mg of caffeine, 6.49 mg of 

phenylephrine HCl, 2.189 mg of cholr-

phenaramine maleate, and 113.36 mg of placebo 

were transferred in 20 mL volumetric flask to it add 

15 mL of diluent and sonicated for 20 min and 

diluted up to the mark with diluent and centrifuged 

the solution at 4000 rpm for 10 minutes and 

injected into HPLC. 

RESULTS AND DISCUSSION: 

Method Development and Optimization: 

Literature published reports were understood and 

evaluated the optimized methods for the 

determination and impurity profiling, but no 

method was reported to determine the four 

combination products. Eventually, we started the 

HPLC method development based on the chemical 

and physical properties of the analytes.  

In development trial-1, the chromatographic 

conditions were the mobile phase-A: Buffer (1.36g 

KH2PO4 in 1-liter water pH 2.50 with OPA). 

Mobile phase-B: methanol. Diluent: water, 

methanol 50:50 v/v. Inertsil C18 250 x 4.6mm,5µ 

column, 1.0 mL/min, 215 and 225nm, 35°C, 20µL 

and runtime 90min. Gradient program: M.P-A at 0 

min 95%, 10 min 95%, 35 min 82%, 72 min 52%, 

77 min 35%, 78 min 95% and 90 min 95%. 

Paracetamol impurity K was not retained; 

phenylephrine and impurity C were co-eluted and 

had baseline noise. In development trial-2, the 

chromatographic conditions were the mobile phase-

A: buffer (1.36g KH2PO4 in 1-liter water pH 7.0 

with KOH). Other conditions were as per trial-1. 

All impurities were separated, but the Caffeine 

impurity peak shape was poor. In development 
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trial-3, the chromatographic conditions were the 

mobile phase-A: buffer (1.36g KH2PO4 in 1-liter 

water pH 2.50 with OPA). Mobile phase-B: 1 mL 

OPA in 500 mL methanol. Diluent: water, 

methanol 50:50 v/v. Inertsil C18 250 x 4.6mm,5µ 

column, 1.0mL/min, 225nm, 35°C, 20µL and 

runtime 90min. Gradient program: M.P-A at 0 min 

95%, 10 min 95%, 35 min 78%, 72 min 45%, 77 

min 25%, 82 min 25%, 85 min 95% and 95 min 

95% . Chlorphenamine A and B were co-eluted. In 

development trial-4, the chromate-graphic 

conditions were the mobile phase-A: buffer (1.36g 

KH2PO4 in 1-liter water pH 2.50 with OPA). 

Mobile phase-B: methanol.  

Diluent: water, methanol 50:50 v/v. Inertsil C18 

250*4.6mm, 5µ, 1.0mL/min, 225nm, 35°C, 20µL, 

and runtime 90min. Gradient program: M.P-A at 0 

min 95%, 10 min 95%, 35 min 82%, 72 min 52%, 

77 min 35%, 78 min 95% and 90 min 95%. 

Paracetamol impurity K was not retained, and 

phenylephrine and impurity C were co-eluted and 

had baseline noise. In development trial-5, the 

chromatogram conditions were the mobile phase-

A: buffer (1.36g KH2PO4 in 1-liter water pH 7.0 

with KOH). Mobile phase-B: methanol.  

Diluent: water, methanol 50:50 v/v. Inertsil ODS 

3V 250 x 4.6mm,5µ column, 1.0 mL/min, 225nm, 

40°C, 20µL and runtime 90min. Gradient program: 

M.P-A at 0 min 100%, 12 min 100%, 70 min 76%, 

75 min 70%, 80 min 35%, 86 min 35%, 88 min 

100% and 100 min 100%. The four product peaks 

were eluted with good peak shape, but gradient 

noise was observed. In development trial-6, the 

chromatographic conditions were buffer (1.36g 

KH2PO4 in 1 liter water pH 7.0 with KOH).Mobile 

phase-A: 950 buffer, 50 methanol.  

Mobile phase-B: ACN, Water, OPA 950: 50: 2. 

Diluent: water, methanol 50:50 v/v. Inertsil ODS 

3V 250 x 4.6mm,5µ column, 1.0mL/min, 225nm, 

40°C, 40µL and runtime 90min. Gradient program: 

M.P-A at 0 min 100%, 10 min 100%, 75 min 76%, 

85 min 70%, 88 min 70%, 92 min 10%, 100 min 

10%, 105 min  100 % and 120 min 100%. Injection 

volume was evaluated and found that 50µL is 

suitable for establishing the LOD, LOQ parameters, 

and accurate quantification in routine analysis. In 

development trial-7, the chromatographic condition 

was buffer (1.36g KH2PO4 in 1-liter water pH 7.0 

with KOH). Mobile phase-A: 950 buffer, 50 

methanol. Mobile phase-B: ACN, Water, OPA 950: 

50: 1.75. Diluent: water, methanol 50:50 v/v. 

Inertsil ODS 3V 250 x 4.6mm,5µ, 1.0mL/min, 

225nm, 30°C, 40µL and run time 90min. Gradient 

program: M.P-A at 0 min 100%, 10 min 100%, 75 

min 76%, 80 min 70%, 85 min 70%, 90 min 10%, 

100 min 10%, 105 min  100 % and 120 min 

100%.CPM impurity a peak was separated with 

placebo peak at 41 min. In development trial-8, the 

chromatographic conditions were buffer (1.36g 

KH2PO4 in 1-liter water pH 4.0 with OPA). 

Mobile phase-A: buffer. Mobile phase-B: ACN, 

buffer 98: 2. Diluent: water, methanol 50:50 v/v. 

Inertsil ODS 3V 250mm, 4.6mm,5µ column, 

0.7mL/min, 225nm, 30°C, 40µL and runtime 

90min. Gradient program: M.P-A at 0 min 100%, 

22 min 92%, 55 min 84%, 110 min 72%, 115 min 

70%, 120 min 10%, 130 min 10%, 131 min  100 % 

and 155 min 100%. The process and degradation 

impurities of four active ingredients in flu cold 

tablet dosage form were well separated. Their 

purity angles were less than their purity thresholds 

in each stress condition. The development trial-8 

gradient program was captured in Table 2. The 

system suitability chromatogram is shown in Fig. 

3. 

TABLE 2: GRADIENT PROGRAM FOR OPTIMIZED 

METHOD 

Time (min) M. Phase-A (%) M. Phase-B (%) 

0.01 100 0 

22.0 92 8 

55.0 84 16 

110.0 72 28 

115.0 70 30 

120.0 10 90 

130.0 10 90 

131.0 100 0 

155.0 100 0 

This developmental trial conditions showing the 

separation between co-eluted peaks and unknown 

impurities were separated. The chromatogram 

represented all active components and known 

impurities mixed sample. The 60 °C degradation 

sample for 21 days was analyzed using this HPLC 

method, and results were found to be satisfactory. 

All peaks were separated, and peak shapes were 

also good. Eventually, these chromatographic 

conditions were finalized to determine the known 

and unknown impurities in the tablet dosage form. 
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Method Validation: The developed method was 

optimized and validated by following the ICH Q2 

(R1) and USP general chapter for validation of an 

analytical procedure: 122524-27. The following 

validation parameters were performed. 

Specificity: Specificity was performed to confirm 

the interference between diluent and placebo with 

product peaks, known and unknown impurities.  

All known impurities and product peaks were well 

separated. Forced degradation studies were 

conducted to evaluate product degradation 

behaviour and impurities formation. Stress studies 

were conducted with 5N HCl and NaOH, 30% 

H2O2, thermal, water, UV light, 90% humidity. 

Stress study conditions and results were tabulated 

in Table 3. 

 
FIG. 3: STANDARD SOLUTION CHROMATOGRAM OF PA: PARACETAMOL, CA: CAFFEINE, PE: 

PHENYLEPHRINE, CP: CHLORPHENAMINE 

Precision: Precision of the method was performed 

with six replicate test sample solutions with known 

impurities spiked with specification limit.  

%RSD was calculated and found within the 

acceptable limit. Precision results were tabulated in 

Table 4. 

Accuracy: Accuracy was performed with 50%, 

100% and 150% concentration levels. % of 

recovery was calculated and found within the 

acceptable limit. Accuracy results were tabulated in 

Table 4. 

Linearity: Linearity was performed from LOQ 

concentration to 150% of specification limit and 

correlation coefficient, a bias for 100% level, 

intercept value, slope value, residual sum of 

squares were calculated. A linearity plot was drawn 

between concentration and peak area. Linearity 

results were tabulated in Table 4. 

TABLE 4: RESULTS OF VALIDATION (PRECISION, ACCURACY, LOD, LOQ AND LINEARITY) 

Parameter PE-C PE-D CPM-C CPM-D 

Method Precision (% RSD) 0.1 0.2 0.2 4.1 

Linearity 

Correlation 

co-efficient 

Y-intercept 

Slope 

Bias at 100 % 

R. S. Sq 

 

1.000 

 

705.158 

29096.9 

0.1 

134475503.9 

 

1.000 

 

-1421.3 

224606.0 

-0.3 

6914046.8 

 

1.000 

 

1741.1 

109200.7 

1.2 

872556.4 

 

1.000 

 

2422.1 

115043.6 

1.6 

3977266.0 

LOQ Precision (% RSD) 6.7 2.9 6.3 7.9 

 

LOD and LOQ Establishment: Limit of detection 

(LOD) and Limit of quantification (LOQ) were 

established using visual and S/N ratio methods. Six 

replicate solutions were prepared at LOQ 

concentration and performed the precision for all 

four active components and known impurities. 

LOQ and LOQ results were tabulated in Table 4. 

The LOQ chromatogram is shown in Fig. 4. 
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FIG. 4: LOQ CHROMATOGRAM OF KNOWN IMPURITIES IN THE PRESENCE OF FOUR ACTIVE 

PHARMACEUTICAL INGREDIENTS 

Ruggedness and Robustness: Ruggedness was 

performed to confirm the system to system, column 

to column, and analyst to analyst difference. 

Solution stability studies were conducted for 

standard solution (benchtop day 0 to 6) and test 

solution (benchtop day 0 to 6). Robustness was 

conducted for flow rate (0.6mL/min to 0.8mL/min), 

column oven temperature (30°C to 40°C), and filter 

validation (PVDF, NYLON, and centrifuge). 

Results were confirmed the system suitability limits 

and differences between analysts, instruments, and 

columns. All variations and stability results have 

confirmed the robustness and ruggedness of the 

method. 

CONCLUSION: Simple, accurate and stability-

indicating HPLC method was developed and 

validated to determine the paracetamol, caffeine, 

chlorphenamine maleate, phenylephrine, and its 

impurities in flu cold combination dosage form. All 

related known and unknown impurities were well 

separated with good peak shape. Method validation 

was performed with precision, accuracy, linearity, 

ruggedness and robustness, specificity, LOD, and 

LOQ. The reported method is suitable to analyze 

the manufacturing products. 
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