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Abstract- A fast and precise HPLC method has been 

established for simultaneous detection of Paracetamol, 

Ibuprofen and caffeine. Chromatographic profiling of the 

three pharmaceuticals was performed on Shimadzu 

Prominence LC20A System using LiChrospher® 60 RP –

select B of dimension 250 mm length, 4.6 mm ID and 5.0µ 

Column. The instrument was controlled and data were 

acquired using Lab Solutions software. A gradient HPLC 

method was employed using two mobile phases. The 

Aqueous phase (Mobile phase A) was prepared by 

dissolving 0.5 g of octane sulfonic acid in 1000 mL Milli-Q 

water and  orthophosphoric acid was used to adjust the pH 

to 3.0. Methanol was used as the organic phase (Mobile 

phase B). The system was run at constant flow rate of 1.0 

mL/min. Separation was completed within 25 minutes. The 

method underwent comprehensive validation assessing 

parameters such as specificity, precision, linearity, accuracy 

and robustness. Each parameter was found to fall within the 

limits recommended by ICH guidelines.  

 

Keywords: Paracetamol, Ibuprofen, Caffeine, HPLC, ICH 

guidelines. 

I.INTRODUCTION 

 

Drug combination therapy involves using two or more 

drugs in fixed dosage forms to treat the disease 

effectively. [1] Combined pharmaceutical dosage are 

being developed and used most frequently to improve 

results for fast recovery. Scientifically proven that 

multicomponent treatment is more effective than 

monocomponent treatment because it lowers the dosage, 

causes fewer side effects and it can be used as 

personalized treatment where doctor can mix and 

match drugs based on patient’s condition or generic 

factor etc. [2] 

Paracetamol (acetaminophen) is one of the most 

widely used analgesics.[3] Paracetamol[Fig.1] 

chemically, 4-hydroxyacetanilide/N-(4-

hydroxyphenyl) acetamide, molecular formula 

C8H9NO2, molecular weight 151.2g/mol with 4 gm 

daily divided dose. It is also antipyretic. [4] It is 

indicated for the relief of minor aches and pains, cold 

and flu remedies. Caffeine [Fig.2], chemically 3,7-

dihydro-1,3,7-trimethyl-1H-purine-2,6-dione/1,3,7-

trimethyl-3,7-dihydro-1H-purine -2,6-dione, 

molecular formula C8H10N4O2, Molecular weight 

194.2g/mol with 300 to 600 mg dose. As analgesic 

boosting effect of  caffeine same as paracetamol so 

that in 1984 it is proven that caffeine could lower the 

dose of paracetamol by about 40%.[5] Ibuprofen is 

NSAID (Non-steroidal anti-inflammatory drug) 

which works as a blocker of enzymes which causes 

paining, swelling and fever.[6] Ibuprofen [Fig.3], 

chemically,(RS)-2- (4- isobutylphenyl) propionic 

acid /(2RS)-2-(4-(2-Methyl propyl )phenyl) 

propionic acid , molecular formula C13H18O2, 

molecular weight 206.3g/mol with 600 mg to 1.2 g 

daily divided dose. Paracetamol, Ibuprofen and 

caffeine are main active ingredients widely used in 

multicomponent pharmaceuticals. Paracetamol is 

common pain reliever and fever reducer. Caffeine is 
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natural stimulant which helps to wake up the brain, 

making people feel less tired and more alert, when 

included in medicine; it can boost effectiveness of other 

ingredients. [7]In India, the available combinations of 

analgesics with caffeine include Ibuprofen+ 

paracetamol+ caffeine and Paracetamol+ caffeine, Since, 

ibuprofen is more effective than paracetamol, the first 

combination was chosen for study. As a results, 325 mg 

paracetamol, 25 mg of caffeine and 400 mg of Ibuprofen 

used in various applications like Moderate to severe pain, 

Post surgical pain, Pain due to inflammation, migraine 

relief and fever reduction.[8] “Ensuring quality control of 

multicomponent pharmaceutical products demands quick 

and accurate techniques”. As such, this paper presents a 

reliable, straightforward, and accurate method that 

employ High-performance Liquid chromatography 

(HPLC) for comprehensive analysis. 

 
Fig. 1. Paracetamol 

 
Fig. 2. Ibuprofen 

 
Fig.3 Caffeine 

 

II.RESEARCH METHODOLOGY 

 

IP reference standards for Paracetamol, Ibuprofen 

and Caffeine were procured from Indian 

Pharmacopeia Commission (Ghaziabad, Uttar 

Pradesh). Fixed-dose combination tablet Imol plus 

(Zydus Healthcare LTD) containing 325 mg of 

paracetamol, 25 mg of caffeine and 400 mg of 

Ibuprofen was purchased from a local market in 

Goregaon west, Maharashtra. Methanol, 1-octane 

sulphonic acid sodium salt and orthophosphoric acid 

used were HPLC grade, purchased from Merck 

chemicals. All dilutions were performed in standard 

volumetric flasks. 

 

Instrumentation and Chromatographic Conditions: 

Chromatographic analysis was conducted using a 

Shimadzu high-performance liquid chromatograph 

(HPLC) system, consisting of an LC20AD pump, a 

20µL injection loop, and a Shimadzu SPD20A 

detector. A double beam spectrophotometer was 

utilized for scanning and selecting the detection 

wavelength. Chromatograms and data were recorded 

with Lab solution Software. The analysis carried out 

on a LiChrospher® 60 RP -Select B (5µ, 250 mm, 4.6 

mm) column. The mobile phase was 0.05% 1- octane 

sulphonic acid sodium salt (pH 3.0 with 

orthophosphoric acid) and Methanol in gradient mode 

with column oven temperature maintained at 40°C 

and elution monitored by UV detector at 222 nm. 

Sample injections of 20 µL were made, with samples 

dissolved in diluent consisting the mixture of Mili-Q 

water and Methanol in the ratio 1:1(pH adjusted 3.0 

with orthophosphoric acid). The diluent formulation 
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was altered during development of bio-analytical 

procedure. [9] 

 

Table No.1 Gradient Programme for Optimized HPLC 

Method for elution 

Preparation of solution: 

 

Paracetamol Standard stock solution: 

Accurately weighed 32.5 mg of Paracetamol was 

transferred to 100 ml volumetric flask containing the 

diluent, sonicated to dissolve, then made up to the volume 

with diluent and followed by complete mixing. 

 

Caffeine Standard stock solution: 

Precisely Weighed 10 mg of caffeine was transferred to 

20 ml volumetric flask containing the diluent, sonicated 

to ensure dissolution, adjusted to the volume with diluent 

and mixed well. 

 

Ibuprofen standard stock solution: 

Weighed accurately 40 mg of Ibuprofen was transferred 

into 100 ml volumetric flask containing sufficient diluent, 

sonicated to dissolve, then made up to the volume with 

diluent and mixed well. 

 

Standard Preparation Mixture A: 

From the prepared Stock solutions, pipette 20 ml of 

Paracetamol standard, 1 ml of Caffeine standard, and 20 

ml of Ibuprofen standard and transferred into 50 ml 

volumetric flask. The volume adjusted with diluent. 

Mixed well.  

 

Standard Preparation Mixture B: 

From the prepared Stock solutions, pipette 20 ml of 

Paracetamol standard, 1 ml of Caffeine standard, and 20 

ml of Ibuprofen standard and transferred into 50 ml 

volumetric flask. The volume adjusted with diluent and 

mixed well.  

 

Sample Preparation: 

The average weight of 20 tablets was determined by 

weighing them individually. A quantity of powdered 

tablet equivalent to approximately 0.815 gm, 

containing 325 mg of paracetamol, 25 mg of caffeine 

and 400 mg of ibuprofen, was weighed accurately and 

transferred into 100 mL volumetric flask. About 

50mL of diluent was added. The flask was then 

sonicated for 20 minutes, with intermittent shaking, 

to ensure complete dissolution of the powder. Once 

the solution had cooled, the volume was adjusted to 

100ml with diluent. The resulting solution is filtered 

and 2.0 mL of filtered solution was transferred into 

50 mL flask, the volume was made up with diluent 

and mix thoroughly. 

 

Method Validation: 

The proposed method was validated as per ICH 

guidelines [10] covering aspects such as specificity, 

linearity, accuracy, precision, robustness and solution 

stability. [11] 

 

Linearity 

Linearity of the method was evaluated by injecting 

seven different concentrations of drug, prepared in 

the diluent, in triplicate into HPLC system while 

keeping a constant injection volume. The calibration 

curve was generated by plotting response factor 

against concentration of each drug. [12] The peak 

shapes were illustrated in Fig.7. A linear relationship 

was observed across the concentration ranges 

specified in Table 2.0. The corresponding calibration 

graphs for each drug were presented in Fig.4, 5, 6. 

 

Table 2.0: Analysis performance data for 

paracetamol, caffeine and Ibuprofen 

Time (Mins) 
Composition 

MP A (%) MP B(%) 

0.01 60 40 

6.00 60 40 

8.00 30 70 

20.00 30 70 

22.00 60 40 

25.00 60 40 

 
Paracetam

ol 
Caffeine Ibuprofen 

Linear 

working 

range 

65 to 195 

µg/mL 

65 to 195 

µg/mL 

65 to 195 

µg/mL 

Slope 38658.58539 65202.16150 47496.19750 

Intercept 29979.89060 64431.90602 521795.11821 

Correlation 

coefficient 
0.9999 0.9976 0.9999 
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Fig. 4. Linearity plot for Paracetamol 

 
Fig. 5. Linearity plot for Caffeine 

 
Fig. 6. Linearity plot for Ibuprofen 

 

Limit of Detection and Limit of Quantification: 

To determine limit of detection and the limit of 

quantification, standard solutions from low 

concentrations were injected using the developed 

method. The results were summarized in Table 3.0. 

Table No 3.0 LOD and LOQ determination 

Parameter Paracetamol Caffeine Ibuprofen 

Concentration 

Range (µg/ml) 
65 to 195 

5.02 to 

15.05 

80.08 to 

240.24 

LOD(µg/ml) 0.43 0.87 0.90 

LOQ(µg/ml) 1.23 2.62 2.74 

 

Accuracy: 

Accuracy indicates how closely results obtained by the 

method match the true or accepted value. It is represented 

as the percentage of analytes recovered after adding a 

known amount to the sample. In this study, recovery 

was evaluated using standard addition method by 

spiking the sample at three concentrations level: 

50%,100% and 150% of the intended 

concentration.[13] Accuracy was assessed in terms of 

percent recovery, as shown in Table No 4.0. 

 

Table 4.0 Accuracy of Paracetamol, Caffeine, and 

Ibuprofen 

 

Precision 

Precision in an analytical procedure refers to the 

degree of consistency between repeated 

measurements of the same homogeneous sample 

under specified conditions. [14], [15]. The method’s 

precision was assessed by conducting both interday 

and intraday variation studies. For both studies, six 

replicate injections of mixed standard solution and 

sample solution were performed and the percentage 

relative standard deviation (RSD) was calculated. 

Based on the obtained data, the developed HPLC 

method was found to be precise. The details of the 

results were presented in Table No 5.0 and Table No 

6.0. 

 

Table No 5.0 Assay results of spotting repeatability 

/Instrument precision  

Sample  Paracetamol Caffeine Ibuprofen 

As is 

sample 

solution-1 

101.54 101.59 103.11 

As is 

sample 

solution-2 

102.44 98.69 103.88 

As is 

sample 

solution-3 

102.62 101.75 103.80 

Accuracy 

Level (%) 
 Paracetamol Caffeine Ibuprofen 

50 

Mean 

104.6 101.0 102.1 

100 108.4 101.8 104.3 

150 103.6 101.0 107.0 

50 

SD 

0.058 0.300 0.153 

100 0.058 0.100 0.306 

150 0.058 0.400 0.300 

50 

RSD 

0.1 0.3 0.1 

100 0.1 0.1 0.3 

150 0.1 0.4 0.3 
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As is 

sample 

solution-4 

101.33 100.48 102.45 

As is 

sample 

solution-5 

102.61 101.69 103.90 

As is 

sample 

solution-6 

 

102.85 
102.18 104.80 

Mean 102.37 101.06 103.66 

STD DEV 0.63 1.29 0.80 

% RSD 0.62 1.3 0.8 

 

Table No 6.0 Assay results of Intra-assay/within day 

precision 

 

 
Fig.7. Representative Chromatogram of Standard for 

Paracetamol, Caffeine, and Ibuprofen 

 
Fig.8. Representative Chromatogram of Sample for 

Paracetamol, Caffeine, and Ibuprofen 

 

Stability Studies: 

During method development, it is essential to assess 

the stability of solutions to verify the reliability of the 

analytical procedure. This evaluation should be part 

of the complete method validation process before the 

registration of drug product. [16] 

The stability tests were designed to examine all 

potential conditions the sample may experience, from 

collection through to analysis. The stability of the 

drug spiked into solution was examined under short-

term conditions at room temperature with sample 

taken at 0, 2, 4, 8,12 and 24 hours. The stability of the 

analytes in the solution was verified for up to 24 hrs 

at room temperature. 

 

Robustness: 

Robustness is an indication of the reliability of an 

analytical method under a variety of normal but 

variable conditions. [10], [17] 

To assess the robustness of the proposed method, 

variations made to the detection wavelength (± 2 

nm,220 nm and 240 nm) and the flow rate was altered 

between 0.9 ml /min and 1.1 mL/min. The results 

revealed no substantial changes in peak resolution or 

retention time for paracetamol, caffeine and 

ibuprofen under the tested conditions. These results 

affirm that the developed method successfully 

separates the three active ingredients, highlighting its 

robustness. 

 

III.RESULTS AND DISCUSSION 

 

Pharmaceutical analysis plays an essential role in the 

regulatory certification of marketed drugs and their 

formulations. Developing new analytical methods for 

Sample  Paracetamol Caffeine Ibuprofen 

As is 

sample 

solution-1 

     101.54    101.59 103.11 

As is 

sample 

solution-2 

     102.44    98.69 103.88 

As is 

sample 

solution-3 

     102.62    101.75 103.80 

As is 

sample 

solution-4 

    101.33   100.48    102.45 

As is 

sample 

solution-5 

102.61 101.69 103.90 

As is 

sample 

solution-6 

102.85 102.18 104.80 

Mean 102.37 101.06 103.66 

STD DEV 0.63 1.29 0.80 

% RSD 0.62 1.3 0.8 
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drug analysis is crucial for understanding 

pharmacokinetics, toxicology and biological 

consequences. The proposed method for pharmaceutical 

analysis occupies a pivotal role in statutory certification 

of marketed drugs and their formulations. Significantly, 

the purpose of new analytical method development for 

the determination of drugs in pharmaceutical dosage 

forms can make, it feasible to study pharmacokinetics, 

toxicological and biological. The proposed method is 

innovative, straightforward, reliable, precise, economical 

and reproducible, making it ideal for estimating 

paracetamol, caffeine and ibuprofen in their combined 

dosage forms, unaffected by the presence of excipients. 

Validation of the developed method was carried out as 

per the ICH guidelines, confirming the reliability. Each 

component shows excellent linearity at 222 nm, with 

correlation coefficients (R2) of 0.999 for paracetamol, 

0.9976 for caffeine and 0.9999 for Ibuprofen. Based on 

the linearity curve, the LOD and LOQ values were 

estimated and documented in   Table No 3.0. Accuracy 

was evaluated based on % recovery, yielding results of 

105.5% for paracetamol, 101.3% for caffeine and 104.4% 

for Ibuprofen. Precision was examined by conducting 

both method precision and intermediate precision, with 

RSD values remaining within acceptable limits. The 

robustness study involved minor intentional changes to 

chromatographic conditions, in the absence of noticeable 

differences. Consequently, this method is applicable for 

future use in the combined estimation of paracetamol, 

caffeine and ibuprofen in bulk pharmaceutical 

formulation. 

 

IV.CONCLUSION 

 

The proposed gradient reverse-phase HPLC method is 

designed for the simultaneous evaluation of paracetamol, 

caffeine and ibuprofen. The LiChrospher® 60 RP-Select 

B column is optimal for ensuring system suitability and 

robustness. The validated method is suitable for routine 

analysis and quality control of paracetamol, caffeine and 

ibuprofen in bulk therapeutic formulations. 
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