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Abstract: A simple isocratic reversed-phase high performance liquid chromatographic

(HPLC) method was developed for the determination of 2-(4-isobutylphenyl) propionic

acid and its major impurity 4-isobutylacetophenone in a gel formulation. The chromato-

graphic separation was achieved with sodium phosphate buffer (pH 3.0) and methanol

(40:60, v/v) as mobile phase, a ChromSpher C18 column (100 mm � 3 mm and 5 mm),

and UV detection at 220 nm. The analysis time was less than 10 min. The method was

validated with respect to linearity, range, precision, accuracy, specificity, and robust-

ness. The calibration curves showed good linearity over the concentration range of

0.10–80 mg/mL. The correlation coefficients were �0.9997 in each case. The RSD

values for intra- and inter-day precision studies were less than 0.50%. The procedure

described here is simple, selective, and is suitable for routine quality control analysis.
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INTRODUCTION

2-(4-Isobutylphenyl) propionic acid (Ibuprofen, Figure 1b) is a non-steroidal

anti-inflammatory drug that is used extensively in the treatment of many forms

of arthritis, and it is one of the top ten drugs sold worldwide.[1] Ibuprofen

works by reducing hormones that cause inflammation and pain in the body.

It is used to reduce fever and treat pain or inflammation caused by many con-

ditions, such as headache, toothache, back pain, arthritis, menstrual cramps, or

minor injury. It is a white crystalline powder with a molecular weight of

206.27, pKa (COOH) ¼ 4.41, and low solubility in water and high solubility

in organic solvents and diluted solutions of hydroxides or alkaline

carbonates.[2]

A literature survey[3–12] revealed that there are a number of various

analytical methods available for individual determination of ibuprofen, or

combination with other drugs.

The United States Pharmacopoeia (USP) describes two different

reversed-phase HPLC methods, one for impurities in raw materials using

UV detection at 214 nm, and another one for ibuprofen determination in phar-

maceuticals and in raw materials using UV detection at 254 nm. With regard

to the related substances test, the area of an individual secondary chromato-

graphic peak, which appears in the test sample, should not exceed 0.3% of

the ibuprofen peak area, and the total area of all secondary peaks, 1%

ibuprofen peak area (the compounds are not specified).[13] A similar HPLC

method has been described for ibuprofen determination in the British Pharma-

copoeia (BP) in pharmaceuticals and raw materials.[14] BP specifies five sub-

stances as possible impurities [one of them 4-Isobutylacetophenone (IBAP)].

It is well known that IBAP (MW: 176.25844) causes adverse effects in the

central nervous system and presents high dermal absorption. For these

reasons, its control is necessary, especially for gels (a recent pharmaceutical

preparation). However, it is worth noting the lack of official methods for

assays of active ingredients in pharmaceutical preparations in reputed pharma-

copoeias, especially when it is currently possible to find a plethora of methods

based on reversed-phase HPLC for the determination of these compounds. As

an example, Ghosh[15] has described HPLC methods for hundreds of active

ingredients. However, only a few of the reported methods have been

Figure 1. Chemical structure of the analytes in order of elution: (a) 4-isobutylaceto-

phenone, (b) ibuprofen.
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adequately validated.[16–20] The aim of this study was to develop and validate

a simple isocratic reversed-phase HPLC method, which would be able to

determine an ibuprofen drug substance and its major impurity IBAP in a gel

formulation. It is shown that the developed method is applicable for the deter-

mination of these compounds in a gel formulation.

EXPERIMENTAL

Materials

Methanol (HPLC-grade) was obtained from Merck (Darmstadt, Germany).

2-(4-Isobutylphenyl) propionic acid, 4-isobutylacetophenone, sodium dihy-

drogen orthophosphate (NaH2PO4), and orthophosphoric acid (H3PO4) were

purchased from Sigma chemicals (St. Louis, MO, USA). Deionised distilled

water was used throughout the experiment.

Instruments

A PerkinElmer HPLC system equipped with a module LC 235C diode array

detector (DAD), series 200 LC pump, series 200 autosampler, and series

200 peltier LC column oven (Norwalk, CT, USA) were used in this work.

The data were acquired via PE TurboChrom Workstation data acquisition

software using PE Nelson series 600 LINK interfaces.

Chromatographic Conditions

The chromatographic column usedwas ChromSpher polymeric octadecylsilane

(ODS)-encapsulated spherical silica with dimensions of 100 mm � 3.0 mm

with 5 mm particle size, obtained from Varian (Palo Alto, CA, USA). The

isocratic method was employed, with the mobile phase consisting of 25 mM

sodium dihydrogen orthophosphate (adjusted to pH 3.0 using orthophosphoric

acid) and methanol (40:60, v/v). The column temperature was maintained at

258C and the detection was monitored at a wavelength of 220 nm. Injection

volume was 10 mL and the mobile phase flow was set at 1.0 mL/min.

Standard Preparation

An accurately weighed amount (50 mg) of ibuprofen, standard was placed in a

100 mL volumetric flask and dissolved in methanol (solution A). An accu-

rately weighed amount (10 mg) of IBAP, standard was placed in a 100 mL
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volumetric flask and dissolved in methanol (solution B). A 10 mL aliquot of

stock solution A and 5 mL of stock solution B were added to a 100 mL volu-

metric flask and diluted in 45 mL methanol, and the volume made up with a

phosphate buffer (working standard solution).

Sample Preparation

An accurately weighed amount (1.0 g) of gel sample was placed in a 100 mL

volumetric flask and dissolved in methanol. A 10 mL aliquot solution was

added to a 100 mL volumetric flask and diluted in 50 mL methanol, and the

volume made up with a phosphate buffer (working sample solution).

RESULTS AND DISCUSSION

Method Development and Optimization

Impurity 4-isobutylacetophenone (IBAP) is a major impurity of ibuprofen

drug substance. The main target of the chromatographic assay method devel-

opment was to separate the impurity coeluted with ibuprofen. This impurity

was coeluted by using different stationary phases such as C18, C8, and

different mobile phases containing buffer like phosphate with different pH

and temperatures, using organic modifiers like acetonitrile, methanol, and

tetrahydrofuran in the mobile phase. The analytical column temperature has

played a critical role in achieving the separation of this impurity IBAP and

ibuprofen drug substance.

Chromatographic separation was achieved on C18 stationary phase,

ChromSpher ODS, 100 mm � 3.0 mm, 5 mm column by using a mobile

phase consisting of the mixture of 25 mM sodium dihydrogen orthophosphate

(adjusted to pH 3.0 using orthophosphoric acid) and methanol (40:60, v/v),
with column temperature set at 258C. In the optimized conditions, the

impurity namely IBAP and the drug substance ibuprofen were well

separated with a resolution of more than 4.25. The optimal wavelength for

IBAP and ibuprofen detection was established using UV absorbance scans

over the range of 190 to 360 nm. It was shown that 220 nm is the optimal

wavelength to maximize the signal. Figure 2 shows the UV absorption

spectrum of IBAP and ibuprofen drug substance.

To assess the quantitative nature of the method, a series of samples with

different amounts of IBAP and ibuprofen were run to investigate the best assay

concentration. Six standard solutions of impurity IBAP and ibuprofen were

prepared in the range of 0.02–200 mg/mL and a 10 mL injection was drawn

from each solution. The integrated peak areas were plotted versus amount

injected. The calibration curve was found to be linear from the concentration

range 20–80 mg/mLwith a correlation coefficient of 0.9999 for ibuprofen and
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0.10–50 mg/mL for IBAP (r2 ¼ 0.9997). On the bases of this data, the best

concentrations, 5 mg/mL for impurity IBAP and 50 mg/mL for ibuprofen

drug substance, were chosen as a working concentration for the assay. The

chromatograms obtained for standard and gel sample are shown in Figures

3 and 4, respectively. The impurity peak IBAP was eluted at 6.0 min and

ibuprofen (principal peak) was eluted at 7.72 min.

The system suitability testing was performed to determine the accuracy

and precision of the system from six replicate injections of a solution contain-

ing 5 mg IBAP/mL and 50 mg ibuprofen/mL. The percent relative standard

deviation (%RSD) of the peak areas was found to be less than 0.16% in

each case. The separation factor (a) was calculated using the equation,

a ¼ k2/k1 where k1 and k2 are the retention factors for the first and last

eluted peaks, respectively. The separation factor for ibuprofen peak

obtained was 2.16. The plate number (also known as column efficiency, N )

was calculated as N ¼ 5.54 (tr/w0.5)
2, where w0.5 is the peak width at half

Figure 2. UV spectra: (a) 4-isobutylacetophenone; (b) ibuprofen.

Figure 3. HPLC chromatogram of standard 4-isobutylacetophenone and ibuprofen.
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peak height. In this study, the theoretical plate number was 3456. Resolution is

calculated from the equation Rs ¼ 2(t2– t1)/(tw1þ tw2), where t1 and t2 are

retention times of the first and second eluted peaks, respectively, and tw1
and tw2 are the peak widths. The resolution between the closely eluted

impurity IBAP peak to ibuprofen peak was 4.25. The asymmetry factor (As)

was calculated using the USP method. The peak asymmetry value for each

ibuprofen peak was 1.08.

For the determination of method robustness within a laboratory during the

method development phase, a number of chromatographic parameters were

evaluated, such as flow rate, column temperature, mobile phase composition,

columns from different batches, and the quantitative influence of the variables

were determined. For each parameter studied, two injections of both standard

and sample solutions were chromatographed. In all cases, the influence of the

parameters were found within a previously specified tolerance range. This

shows that the method for determination of ibuprofen and its impurity IBAP

in gel formulation was reproducible and robust.

Method Validation

Linear Concentration Range

A linearity test was performed using six different amounts of ibuprofen in

the range of 80–120% around the theoretical values (50 mg/mL) and in the

range 0.05–0.50% of ibuprofen content for IBAP. Solutions corresponding

to each concentration level were injected in triplicate and the following

equations were found by plotting peak areas (y) versus concentration (x)

Figure 4. HPLC chromatogram of gel sample.
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expressed in mg/mL: y ¼ 10732xþ 330697 (r2 ¼ 0.9999) for ibuprofen and

y ¼ 5585.3xþ 14500 (r2 ¼ 0.9997) for IBAP. The determination coefficient

(r2) obtained (Table 1) for the regression line demonstrates the excellent

relationship between peak area and the concentration of ibuprofen and IBAP.

Precision (Repeatability and Intermediate Precision)

The precision of the analytical method was evaluated in terms of repeatability

and intermediate precision. Repeatability (intra-day precision) was assessed

injecting six replicate injections at 100% test concentration (50 mg/mL

ibuprofen and 5 mg/mL IBAP). The %RSD values of the results correspond-

ing to the peak areas and retention times were found in the range of 0.13–0.15

and 0.16–0.35% (Table 2).

Intermediate precision (interday precision) was demonstrated by two

analysts using two HPLC systems on different days and evaluating the peak

area data across the HPLC systems at three concentration levels (75%,

100%, and 150%) that cover the assay method range 20–80 (mg/mL) for

ibuprofen and 0.10–50 (mg/mL) for IBAP. The mean and %RSD across

the systems and analysts were calculated from the individual peak area

mean values at the 75%, 100%, and 150% of the test concentration. The

%RSD values for both instruments and analysts were ,0.50% (Table 3) for

each drug, and illustrated the good precision of the analytical method.

Table 1. Linearity details for ibuprofen and IBAP

Compound

name

Concentration

range (mg/mL) Slope y-Intercept

Correlation

coefficient

Ibuprofen 20–80 10732 330697 0.9999

IBAP 0.10–50 5585.3 14500 0.9997

Table 2. Repeatability studies data for ibuprofen and IBAP

Injection

no.

Ibuprofen IBAP

Peak area (mV s) RT (min) Peak area (mV s) RT (min)

1 870137 7.724 45587 6.003

2 873247 7.715 45622 6.002

3 871234 7.731 45696 6.008

4 872276 7.724 45598 6.041

5 871003 7.752 45625 6.011

6 870836 7.727 45766 6.050

Mean 871455 7.729 45649 6.019

RSD (%) 0.13 0.16 0.15 0.35
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Accuracy

To study the reliability and suitability of the developed method, recovery

experiments were carried out. Placebo samples were spiked with different

amounts of ibuprofen at 75, 100, and 150% in triplicate for each one

(n ¼ 9) over the theoretical values and IBAP at 0.1% over the ibuprofen

content. The contents of ibuprofen and IBAP were once again determined

by the proposed method by recording the chromatogram. From the amount

of the drug present, percent recoveries were calculated using the Eq. (1.)

The mean values of the percent recoveries obtained are shown in Table 4.

%Recovery ¼
b� a

c

� �
� 100 ð1Þ

where, a ¼ amount found before addition, b ¼ amount found after addition,

and c ¼ amount of standard drug added.

Specificity

Injections of the extracted placebo were performed to demonstrate the absence

of interference with the elution of the ibuprofen and IBAP. These results

demonstrate (Figure 5) that there was no interference from the other

Table 3. Intermediate precision studies data for ibuprofen and IBAP

Injection

no.

Analyst 1, day 1, HPLC system 1 Analyst 2, day 2, HPLC system 2

75a 100 150 75 100 150

Ibuprofen

1 761539b 870167 973376 762154 870023 974024

2 761532 870261 973598 762004 870238 973653

3 763671 872276 977232 764662 872852 977302

Mean 762247 870901 974735 762940 871038 974993

RSD (%) 0.16 0.14 0.22 0.20 0.18 0.20

IBAP

75 100 150 75 100 150

1 37598 42174 48432 37243 42353 48387

2 37587 42322 48471 37438 42423 48422

3 37742 42536 48668 37278 42746 48727

Mean 37642 42344 48524 37320 42507 48512

RSD (%) 0.23 0.43 0.26 0.28 0.49 0.39

aPercent of nominal.
bPeak area (mV s).
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materials in the gel formulation and, therefore, confirm the specificity of the

method.

Limits of Detection and Quantitation

The limit of detection (LOD) and limit of quantitation (LOQ) tests for the

procedure were performed on samples containing very low concentrations

of analyte. LOD is defined as the lowest concentration of analyte in a

sample that can be detected above baseline noise. It is expressed as a concen-

tration at a specified signal-to-noise (s/n) ratio, typically, three times the noise

level. LOQ is defined as the lowest concentration of analyte in a sample that

can be reproducibly quantitated above the baseline noise that gives s/n .10.

The LOD and LOQ values for ibuprofen and IBAP were found to be mg/mL

(s/n ¼ 3.2; s/n ¼ 10.35) and (s/n ¼ 3.06; s/n ¼ 10.2), respectively.

Table 4. Recovery studies of ibuprofen and IBAP from samples with known

concentration

Sample

Ibuprofen IBAP

75% 100% 150% 75% 100% 150%

1 100.2 99.8 100.3 98.4 99.7 100.1

2 100.4 100.3 100.6 97.8 99.6 99.8

3 100.6 100.2 99.7 99.8 100.2 99.6

Mean recovery (%) 100.4 100.1 100.2 98.6 99.8 99.8

RSD (%) 0.20 0.26 0.46 1.06 0.32 0.25

Figure 5. HPLC chromatogram of placebo.
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Method Robustness

The method robustness was studied by deliberately changing the experimental

conditions such as percentage of organic modifier, flow rate, and column

temperature.

Change in the organic modifier, methanol content was studied by varying

its content to a ratio of buffer/methanol (42:58, v/v) and (38:62, v/v) from the

original optimized ratio of (40:60, v/v). It was observed that by increasing the
organic modifier, the principal peak retention time is decreased to 5.46 min

and by decreasing the content the retention time is increased to 9.10 min

against 7.72 min retention time obtained with original optimized conditions.

The resolution between the closely eluted IBAP impurity peaks was

observed as 4.35 and 4.41, respectively, against the standard resolution of

4.25. The data are presented in Table 5.

The change in the flow rate to 0.8 and 1.2 from 1.0 mL/min does not

affect the chromatography/resolution between the closely eluted impurity

peaks. The resolutions were observed as 4.16 and 4.11, respectively.

However, the retention times were shifted to 11.34 and 5.56 min, respectively.

The data are presented in Table 5.

The change in column temperature to 20 and 30 from 258C does not affect

the resolution between the closely eluted peaks corresponding to the IBAP and

ibuprofen. The resolutions were observed as 4.62 and 4.05, respectively.

However, the retention times of the principal peaks were shifted to 9.43 and

6.08 min, respectively. The data corresponding to the variations in tempera-

ture are presented in Table 5.

CONCLUSIONS

A simple isocratic reversed-phase HPLC method has been developed and

validated for the determination of ibuprofen drug substance and its major

Table 5. Method validation data for robustness study

Parameter altered

RT of principal

peak (min)

Resolution between

impurity and principal peak

Standard chromatogram obtained with

method optimized conditions

7.72 4.25

Increased organic modifier (38:62) 5.46 4.35

Decreased organic modifier (42:58) 9.10 4.41

Flow at 0.8 mL/min 11.34 4.16

Flow rate at 1.2 mL/min 5.56 4.11

Column temperature at 208C 9.43 4.62

Column temperature at 308C 6.08 4.05
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impurity IBAP in a gel formulation. The developed method has been found to

be selective, sensitive, accurate, precise, and robust. The method was used

reliably in quality control laboratories for routine analysis of ibuprofen drug

substance and its major impurity IBAP in bulk, raw materials, and final gel

products formulations.
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