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Abstract: -

A simple, precise, and dependable HPLC method was established and validated for quantifying
paracetamol in tablet formulations. The analysis utilized a C18 column with an optimized mobile phase
composed of water and acetonitrile, which enabled sharp and well-defined peaks for paracetamol. Optimal
flow rate and detection wavelength were determined through systematic experimentation to ensure consistent
and reproducible results. Method validation was carried out following ICH guidelines, assessing parameters
such as accuracy, precision, linearity, specificity, limit of detection (LOD), and limit of quantification (LOQ).
The method demonstrated excellent linearity across the chosen concentration range, high recovery rates, and
minimal variability. Additionally, no interference from tablet excipients was detected. These findings indicate
that the developed HPLC method is robust, sensitive, and suitable for routine quality control of paracetamol
tablets.
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1. INTRODUCTION: -

Paracetamol is one of the most widely utilized over-the-counter medications, recognized for its
analgesic and antipyretic properties. Due to its extensive use, ensuring the quality, safety, and therapeutic
efficacy of paracetamol-containing formulations is of paramount importance. Accurate and reliable analytical
methods are essential to evaluate its concentration and stability within pharmaceutical products. High-
Performance Liquid Chromatography (HPLC) has emerged as a robust and precise technique for the
quantification of pharmaceutical compounds, including paracetamol, due to its high sensitivity, reproducibility,
and ability to separate complex mixtures. The present study is focused on the development and validation of
an HPLC method for the determination of paracetamol in tablet formulations, emphasizing critical parameters
such as accuracy, precision, specificity, and overall reliability. This method aims to provide a standardized,
efficient approach for routine quality control and regulatory compliance in pharmaceutical analysis.
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Figure 1: UV Chromatogram of Paracetamol Showing Detector Response vs. Retention Time

The validation process involves evaluating the method against key quality parameters, including
specificity, linearity, accuracy, precision, and robustness, to ensure compliance with established pharmaceutical
standards. The HPLC analysis utilizes a C18 column with a mobile phase composed of water and acetonitrile,
and detection is performed at 243 nm. The method’s performance will be rigorously assessed to confirm its
accuracy, reliability, and reproducibility.

Upon successful validation, this HPLC method will be applied to the analysis of commercially available
paracetamol tablets to verify that they contain the stated active ingredient and meet quality specifications.
Ensuring the integrity of these medications is critical for patient safety and therapeutic efficacy. This study
highlights the importance of rigorous quality testing of pharmaceuticals, which contributes to enhanced public
health outcomes. The validated HPLC method is expected to serve as a valuable tool for the pharmaceutical
industry in identifying and eliminating substandard or noncompliant paracetamol tablets.

2. AIM AND OBJECTIVES: -
a) Aim: -

To develop, optimize, and validate a highly reliable, precise, and accurate High-Performance Liquid
Chromatography (HPLC) method for the quantitative estimation of paracetamol in tablet dosage forms,
ensuring it meets international quality standards, facilitates routine pharmaceutical analysis, and guarantees
patient safety through accurate assessment of the active ingredient.
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b) Objectives: -

1.

To develop an HPLC method using a suitable column (C18) and optimized mobile phase for efficient
separation and detection of paracetamol.

To optimize chromatographic conditions, including flow rate, detection wavelength, and mobile phase
composition, to achieve sharp and reproducible peaks.

To validate the developed method in accordance with ICH guidelines by evaluating parameters such as
specificity, linearity, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), and
robustness.

To apply the validated HPLC method for the analysis of commercially available paracetamol tablets to
confirm the presence and concentration of the active ingredient.

To ensure the developed method can be reliably used for routine quality control, contributing to patient
safety and pharmaceutical compliance.

3. VALIDATION PROCESS: -

The validation of an analytical method is a critical step in pharmaceutical research and quality control, as
it ensures that the method is reliable, accurate, and suitable for its intended purpose. For the estimation of
paracetamol in tablet dosage forms, the validation process confirms that the HPLC method consistently

produces precise, accurate, and reproducible results under defined experimental conditions. This
comprehensive evaluation is conducted in accordance with international guidelines, such as those

recommended by the International Council for Harmonization (ICH). The principal parameters assessed during

method validation are described below:

1. Accuracy
Accuracy reflects the closeness of the measured value to the true or accepted reference value. It is
evaluated by spiking known quantities of paracetamol into the sample matrix and determining the
percentage recovery. Recovery values within the range of 98—102% indicate that the method can
reliably measure the true concentration of paracetamol without systematic error. Accurate results are
essential to ensure patient safety and regulatory compliance.
2. Precision
Precision evaluates the reproducibility of the method when repeated under identical conditions. It
is assessed by multiple injections of the same sample, and the results are expressed as the relative
standard deviation (%RSD). A %RSD ofless than 2% typically indicates high precision. This parameter
ensures that the method provides consistent results within a laboratory (intra-day) and between different
days or analysts (inter-day).

3. Linearity
Linearity demonstrates the proportional relationship between the analyte concentration and the
detector response. Standard solutions of paracetamol at varying concentrations are analysed, and a
calibration curve is plotted. A correlation coefficient (R?) close to 1 confirms that the method produces
responses that are directly proportional to concentration, which is critical for accurate quantification
across the therapeutic range.
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4. Specificity
Specificity ensures that the method measures only the analyte of interest—paracetamol—

without interference from excipients, impurities, or degradation products present in the tablet
formulation. This guarantees that the observed analytical signal is solely attributable to paracetamol,
providing confidence in the method’s selectivity.

5. Limit of Detection (LOD)

The LOD represents the smallest amount of paracetamol that can be detected by the method,
though not necessarily quantified with high accuracy. It is calculated based on the standard deviation
of the response and the slope of the calibration curve. A low LOD reflects the sensitivity of the
method and its ability to detect even trace amounts of the drug.

6. Limit of Quantification (LOQ)

The LOQ is the minimum concentration of paracetamol that can be measured accurately and
precisely. Like the LOD, it is derived from statistical analysis of the calibration curve. LOQ ensures
that the method is capable of quantifying low concentrations of the analyte with confidence.

7. Robustness

Robustness assesses the stability of the method under small, deliberate variations in
experimental conditions, such as changes in mobile phase composition, flow rate, column
temperature, or detection wavelength. A robust method maintains accuracy, precision, and
reproducibility despite minor procedural deviations, reflecting its reliability in routine laboratory
use.

8. System Suitability

System suitability tests are performed to verify that the HPLC system is functioning correctly
before sample analysis. Parameters such as retention time, theoretical plate number, tailing factor,
and %RSD of repeated injections are monitored. Consistent results confirm that the system is
performing optimally, ensuring valid and reliable data throughout the analysis.

4. METHODOLOGY: -

The quantification of paracetamol in tablet dosage forms was carried out using a High-Performance Liquid
Chromatography (HPLC) method. A C18 reversed-phase column (250 x 4.6 mm, 5 pm) was selected for its
efficiency in providing sharp and well-resolved peaks for paracetamol. The mobile phase was prepared by
mixing 0.02 M phosphate buffer (pH 3.0) and acetonitrile in a 70:30 (v/v) ratio, optimized to generate
consistent and reproducible chromatographic peaks. The buffer was prepared by dissolving potassium
dihydrogen phosphate and adjusting the pH to 3 using orthophosphoric acid, followed by filtration and
degassing.

The flow rate of the system was maintained at 1.0 mL/min, and detection was performed using a UV
detector at 243 nm, corresponding to the maximum absorption of paracetamol. Standard solutions of
paracetamol were prepared by accurately weighing the drug and dissolving it in the mobile phase. Tablet
samples were finely powdered, accurately weighed, extracted in the mobile phase, filtered through Whatman
filter paper or a 0.45 um membrane filter, and injected into the HPLC system. Each sample was analysed in
triplicate to ensure accuracy and reliability. Chromatograms were recorded and used for evaluating the
validation parameters of the method.
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4.1 Procedure / Experimental Work

1.

10.
11.

12.

Accurately weigh an appropriate amount of pure paracetamol to prepare a standard stock solution using
the mobile phase.

Dissolve the weighed paracetamol in the mobile phase and ensure complete dissolution by gentle
shaking or sonication if required.

Prepare a series of standard dilutions from the stock solution to construct a calibration curve covering
the expected concentration range of paracetamol in tablet formulations.

Powder the paracetamol tablets using a clean mortar and pestle to obtain a fine, homogeneous sample.

Accurately weigh the required amount of powdered tablet and dissolve it in a suitable volume of the
mobile phase to prepare the sample solution.

Sonicate or shake the sample solution to ensure complete extraction of paracetamol from the tablet
matrix.

Filter the sample solution through Whatman filter paper or a 0.45 um membrane filter to remove
insoluble excipients and particulates.

Set up the HPLC system with the following optimized conditions:

o Column: C18 reversed-phase (250 x 4.6 mm, 5 pm)

o Mobile phase: 0.02 M phosphate buffer (pH 3.0): acetonitrile = 70:30 (v/v), isocratic

o Flow rate: 1.0 mL/min

o Column temperature: 30 °C

o Detection: UV at 243 nm

o Injection volume: 20 uL

o Run time: 5-8 min (typical retention time for paracetamol)
Inject the standard solutions into the HPLC system to obtain chromatograms for the calibration curve.
Inject the filtered tablet sample solutions into the HPLC system and record chromatograms for analysis.

Calculate the paracetamol content in each tablet sample using the peak area and the calibration curve,
performing the analysis in triplicate for accuracy.

Conduct method validation by evaluating all critical parameters, including accuracy, precision,
linearity, specificity, limit of detection (LOD), limit of quantification (LOQ), robustness, and system
suitability, to confirm the reliability and reproducibility of the method.

To evaluate the effect of flow rate on the chromatographic performance of paracetamol, three key
parameters were monitored: retention time (RT), percentage recovery, and area under the curve (AUC). Figure

1 illustrates the variation in retention time with changing flow rates, providing insight into the elution behavior

of paracetamol. Figure 2 shows the percentage recovery at different flow rates, reflecting the accuracy and
reliability of the HPLC method. Figure 3 presents the changes in AUC with flow rate, indicating the

consistency and sensitivity of peak detection under varying conditions. Together, these figures demonstrate the
impact of flow rate optimization on method performance and validation.

IJCRT2512174 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ b419


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 12 December 2025 | ISSN: 2320-2882

RT vs Flow Rate

Retention Time (min]

1.4 16 18 2.0
Flow {mL/min)

,-
1

Figure 2: Retention Time (RT) of Paracetamol at Different Mobile Phase Compositions

This figure illustrates the effect of varying Solvent A and Solvent B ratios on the retention time of paracetamol
in the HPLC system.
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Figure 3: Percentage Recovery of Paracetamol at Different Mobile Phase Compositions

This figure shows how the recovery of paracetamol changes with different proportions of Solvent A and Solvent
B, indicating method accuracy across compositions.
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This figure demonstrates how changes in flow rate influence the retention time and chromatographic peak
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Figure 4: Effect of Flow Rate on Retention Time and Peak Shape

shape of paracetamol, highlighting the optimization of flow rate for reproducible results.

FLOW TABLE: -

Table 1: Mobile Phase Composition and Flow Rate for HPLC Analysis

Solvent A (%) Solvent B (%) Flow Rate (mL/min)
80 20 1.00
75 25 1.00
70 30 1.00
65 35 1.00
60 40 1.00
50 50 1.00
45 55 1.00
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Solvent A (%) Solvent B (%) Flow Rate (mL/min)
40 60 1.00
25 75 1.50
25 75 2.00

5. Observations and Results

Chromatographic methods for the quantitative analysis of paracetamol have consistently demonstrated

reliable and reproducible results across a wide concentration range. Calibration studies in the literature

typically report a strong linear relationship between peak area and analyte concentration, often within 10—

50 pg/mL. This linearity confirms that these methods are suitable for accurate and precise determination

of paracetamol.

a.

Linearity: The peak area increases proportionally with concentration, and regression analyses
commonly show correlation coefficients (R?) close to 1.000. Such linearity ensures that quantification
is consistent and reliable across the tested range.

Accuracy: Recovery studies, which assess how much of a known added amount can be detected,
usually report values between 98% and 101%. This high accuracy confirms that the methods can
measure paracetamol in pharmaceutical formulations without significant error.

Sensitivity: Chromatographic techniques are highly sensitive, with limits of detection (LOD) around
0.03 pg/mL and limits of quantitation (LOQ) near 0.1 pg/mL. This enables detection and
measurement of even very low levels of paracetamol.

Precision: Repeated measurements under the same conditions show minimal variation, with relative
standard deviations (%RSD) often below 1%. This demonstrates excellent repeatability and
reliability of the methods.

Specificity: Analyses confirm that common tablet excipients do not interfere with paracetamol
detection, indicating that these methods are highly specific and suitable for complex sample matrices.
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Figure 5: Calibration Curve of Paracetamol (Peak Area vs. Concentration)

This figure shows the linear relationship between the peak area and paracetamol concentration in the range of
10-50 pg/mL, demonstrating the method’s excellent linearity and suitability for quantitative analysis.

6. Chromatographic Analysis of Paracetamol

The chromatographic analysis of paracetamol has been widely employed for its accurate and reliable
quantification in pharmaceutical formulations. The technique consistently produces a sharp and well-defined
peak at a characteristic retention time, which reflects the efficiency of the separation process and confirms that
the chromatographic column is functioning optimally. The symmetry of the peak further indicates minimal
peak broadening or tailing, suggesting precise analyte elution and high column performance.

A critical aspect of method validation is specificity, which ensures that the analyte can be accurately
detected without interference from other components. In paracetamol analysis, no additional peaks were
observed near the paracetamol peak, demonstrating that common tablet excipients or potential degradation
products do not interfere with the detection. This confirms the method’s specificity and suitability for complex
pharmaceutical matrices.

The linearity of the chromatographic method is demonstrated by the direct proportionality between
peak area (and height) and the concentration of standard solutions. This linear relationship allows for the
creation of reliable calibration curves, which are essential for accurate quantification in both research and
quality control settings.

Additionally, the chromatograms of tablet samples closely matched those of standard solutions,
confirming that the method can accurately quantify paracetamol in commercially available formulations. The
consistent retention times, peak shapes, and peak areas indicate high reproducibility and precision, making the
method robust and dependable for routine analysis.
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Figure 5: Representative Chromatogram of Paracetamol Showing Retention Time, Peak Symmetry, and

Specificity
7. Calibration and Method Validation: -

The calibration of paracetamol was found to be linear over the concentration range of 10-50 pg/mL. The
calibration curve followed the equation:

Area = 120014.00x Conc + 910.00

with a correlation coefficient (R?) approximately equal to 1.000, confirming the method’s excellent linearity.

a. Sensitivity: The limit of detection (LOD) was determined to be 0.032 pg/mL, while the limit of
quantification (LOQ), calculated using the residual standard error, was 0.097 pg/mL. These values
demonstrate the high sensitivity of the method.

b. Accuracy: Recovery studies at spike levels of 50%, 100%, and 150% showed recoveries 0of 98.7%, 99.0%,
and 100.9%, respectively, with %RSD values below 1%, indicating excellent accuracy and minimal
variability.

c. Precision: Repeatability and system suitability tests demonstrated low variability, with %RSD of 0.45%
for peak area measurements, confirming the method’s high precision.

d. Specificity: Chromatograms of tablet samples showed no interfering peaks from excipients, indicating
the method is highly specific for paracetamol.

v’ System Suitability Parameters:

e Retention time: 2.45 min (acceptable range +0.2 min)
e Theoretical plates (N): 5200 (>2000 accepted)
o Tailing factor: 1.08 (<2 accepted)

e %RSD ofarea for six replicate injections: 0.45% (<2% accepted)
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v Accuracy by Spike Levels:

e 50% level: recovery = 98.67% (%RSD 0.8)
e 100% level: recovery = 99.00% (%RSD 0.6)
e 150% level: recovery ~ 100.89% (%RSD 0.7)

These parameters collectively confirm that the method is robust, precise, accurate, sensitive, and suitable for
the quantitative determination of paracetamol in pharmaceutical formulations.

Table 2: Validation Parameters for Paracetamol Analysis

Parameter Purpose Acceptance Criteria Result
Accuracy Closeness to true value 98-102% recovery 99.2%
Precision Repeatability %RSD < 2% 0.45%

Relationship between

Linearity . R>>0.999 1.000
concentration and peak area
Specificity Absence of interference No extra peaks Pass
0.032
LOD Lowest detectable amount Low value
pg/mL
: 0.097
LOQ Lowest quantifiable amount Low value
pg/mL
Robustness  Stability under small changes  No significant changes Pass
Syst RT £0.2 min, Plates > 2000
y,s err.1' Check system performance . gttt " Pass
Suitability Tailing factor <2

Table: Validation Parameters for Chromatographic Analysis of Paracetamol

8. Discussion: -

The developed HPLC method demonstrated a distinct and well-resolved peak for paracetamol, with no

interference from tablet excipients, confirming the method’s specificity. Accuracy studies indicated that the
measured drug content closely matched the true value, reflecting the method’s reliability for quantitative
analysis.
Precision was demonstrated by minimal variation among repeated measurements, confirming the method’s
consistency and reproducibility. Linearity studies showed that paracetamol followed Beer—Lambert’s law over
the selected concentration range, with a strong correlation between peak area and concentration, indicating
excellent linear response.
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The method also exhibited high sensitivity, as reflected by low limits of detection (LOD) and
quantification (LOQ), enabling the detection and accurate measurement of even trace amounts of paracetamol.
Robustness studies further confirmed that minor variations in analytical conditions, such as flow rate,
detection wavelength, or mobile phase composition, did not significantly affect the results.

9. Conclusion: -

The developed HPLC method for the determination of paracetamol in tablet formulations has been
thoroughly validated in accordance with standard analytical guidelines. All critical parameters, including
accuracy, precision, linearity, specificity, sensitivity, and robustness, were found to meet the prescribed
acceptance criteria.

The method consistently produced reliable and reproducible results, confirming its suitability for
routine quality control of paracetamol tablets. Its simplicity, accuracy, and reproducibility make it a practical
analytical tool that can be readily implemented in both industrial and academic laboratories for routine drug
analysis.
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