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Introduction

Ibuprofen (Figure 1) is a nonsteroidal anti-inflammatory
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Abstract

A novel, rapid, precise and accurate stability indicating RP-HPLC method was developed and validated
for the simultaneous estimation of Ibuprofen and Carisoprodol in combined pharmaceutical formulation.
Chromatographic separation was achieved on Kromasil C18 column (250x4.6mm, 5um) with UV detection
at 260nm. The mobile phase consisting of 0.1% Ortho Phosphoric Acid (OPA) and acetonitrile in a ratio of
40:60v/v and adjusted the flow of mobile phase to 1.0mL/min. The method was showing linear response
in the concentration range over 100-600pg/mL for Ibuprofen and 43.75-262.5pg/mL for Carisoprodol. The
peaks for Ibuprofen and Carisoprodol were detected 2.256 min and 3.141 min respectively. The mean
percentage recoveries of Ibuprofen and Carisoprodol were found to be 99% and 99.18% respectively.
The method was validated and was successfully employed for the routine quantitative analysis of
pharmaceutical formulations containing Ibuprofen and Carisoprodol in combined tablet dosage form.

agent with analgesic and antipyretic properties [1]. Chemically
it is 2-[4-(2-methylpropyl)phenyl]propanoic acid [2]. Ibupro-
fen is a non-selective inhibitor of cyclooxygenase, an enzyme
invovled in prostaglandin synthesis via the arachidonic acid
pathway [3].

Carisoprodol (Figure 2) is a centrally acting skeletal muscle
relaxant [4]. Chemically it is 2-[(carbamoyloxy)methyl]-2-
methylpentyl N-(propan-2-yl)carbamate [5]. It is used as
an adjunct in the symptomatic treatment of musculoskeletal
conditions associated with painful muscle spasm [6].

In literature review no analytical HPLC methods were
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Figure 1: Structure of Ibuprofen.
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Figure 2: Structure of Carisoprodol.

reported for simultaneous estimation of Ibuprofen and
Carisoprodol in combined pharmaceutical dosage form. Hence,
the main objective of the present work describes a simple, rapid,
precise and accurate stability indicating RP-HPLC method for
the simultaneous estimation of Ibuprofen and Carisoprodol in
combined pharmaceutical dosage form as per ICH guidelines
(7,8).

Materials and Methods
Materials

Pure samples (API) of Ibuprofen and Carisoprodol
were procured from Spectrum Pharma Research Solutions,
Hyderabad, India. Combination of Ibuprofen and Carisoprodol
tablets were obtained from local pharmacy store. Acetonitrile,
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ortho phosphoric acid and distilled water were obtained from
Rankem Chemicals Ltd., Mumbai, India.

Instrumentation

The analysis of drugs was carried out on a Waters HPLC
2965 system on Kromasil C18 column (250x4.6mm, 5um). The
instrument is equipped with a 2695 pump with inbuilt degasser,
2996 PDA detector and auto injector with 2oL sample loop. A
20pL Hamilton syringe was used for injecting the samples. Data
was analysed by using Waters Empower 2 software. A double-
beam PG Instruments T60 UV-Visible spectrophotometer was
used for measuring absorbance for Ibuprofen and Carisoprodol
solutions.

Mobile phase

A mobile phase consisting of mixture of 0.1% OPA and
acetonitrile in the ratio of 40:60, v/v was prepared.

Diluent

Acetonitrile and water in the ratio of 50:50, v/v was used
as diluent.

Preparation of standard stock and working solutions

Accurately weighed and transferred 40mg of Ibuprofen
and17.5mg of Carisoprodol into 10mL volumetric flasks. 3/4™ of
diluents was added and sonicated for 10 minutes. Flasks were
made up with diluents and labeled as standard stock solution 1
and 2 (4000pg/mL Ibuprofen and 1750pug/mL of Carisoprodol).
Transfer 1mL of each stock solution into a 10mL volumetric
flask and diluent was added upto the mark(4oopg/mL of
Ibuprofen and 175pg/mL of Carisoprodol).

Preparation of sample stock and working solutions

Take 5 tablets and measure the weight of tablets. Pulverized
the tablets into fine powder then the powder equivalent to
weight 1 tablet was taken a 100mL volumetric flask. Then
add 5omL of diluent and subjected for sonication for 25min,
finally diluents was added upto the mark. The above solution
was filtered through HPLC filter (4000pg/mL of Ibuprofen and
1750pg/mL of Carisoprodol). Further transfer imL of above
filtered stock solution was into 10mL volumetric flask and
diluents was added upto the mark (400ng/mL of Ibuprofen and
175pg/mL of Carisoprodol).

Results
Method development

Various trails were performed by using different mobile
phases and based on peak parameters the chromatographic
conditions (Table 1) were optimized and optimize chromato-
gram was shown in Figure 3.

Method validation

System suitability parameters: The system suitability
parameter was performed by injecting standard solutions of
Ibuprofen (400pg/mL) and Carisoprodol (175pg/mL) into the
system for six times and the parameters like USP plate count,
tailing factor and resolution were determined. The values

Table 1: Optimized chromatographic conditions.

Mobile phase 0.1% OPA: acetonitrile, 40:60 (v/v)

Flow rate 1 mL/min
Column Kromasil C18 (250x4.6mm, 5um)
Detector wave length 260nm
Column temperature 30°C
Injection volume 0L
Run time 8min

Diluent Water:acetonitrile, 50:50 (v/v)

Retention time Ibuprofen: 2.256min; Carisoprodol: 3.141min
Theoretical plates Ibuprofen: 7099; Carisoprodol: 2793

Tailing factor Ibuprofen: 1.25; Carisoprodol: 1.07
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Figure 3: Optimized chromatogram of Ibuprofen and Carisoprodol.

for this parameter satisfy the acceptance criteria as per ICH
guidelines.

Specificity: Specificity is the parameter used to check the
interference in the optimized method. By observing peaks it
was found that there is no interference so, the method was said
to be specific.

Linearity: Linearity solutions are prepared such that
0.25mL, 0.5mL, 0.75mL, 1mL, 1.25mL, 1.5mL from the stock
solutions Ibuprofen and Carisoprodol are taken into 6 different
volumetric flasks and diluted to 10 mL with diluents to get
10opg/mL, 200pg/mL, 300ng/mL, 400pg/mL, 500ug/mL, 600
pg/mL of Ibuprofen and 43.75pg/mL, 87.5pg/mL, 131.25pg/
mL, 175pg/mL, 218.75pg/mL, 262.5pug/mL of Carisoprodol.
Six linear concentrations of Ibuprofen (100-600opg/mL) and
Carisoprodol (43.75-262.51g/mL) are prepared and injected.
The data was furnished in Table 2 and calibration curves were
shown in Figures 4,5.

Precision: Precision of method was studied by performing
intra-day and inter-day precision. Intra-day precision (Table
3) and inter-day precision (Table 4) was performed by injecting
the 6 replicates of standard solution in a single day and six
days. Calculate the % RSD and it should not be more than 2.0.

Accuracy: Accuracy was checked by adding known amount
of Ibuprofen and Carisoprodol at 50%, 100% and 150% to a
prequantified sample solution. Prepare the solutions (Tables
5,6) in triplicate form and calculate the mean percentage
recovery at each level and the values should be in between
98%-102%.
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Sensitivity: Limit of Detection (LOD) was calculated by
standard deviation method. LOD for Ibuprofen and Carisoprodol
were found to be 0.72 and 0.07pg/mL respectively. Limit
of Quantitation (LOQ) was calculated by standard deviation
method. LOQ_for Ibuprofen and Carisoprodol were found to be
2.17 and 0.21pg/mL respectively.

Degradation studies

Acid degradation studies: Acid degradation was studied by
adding mL of 2N hydrochloric acid to 1mL of stock solution of
Ibuprofen and Carisoprodol and refluxed about half an hour at
60°C. Then dilute the above solution in order to get 400pg/mL
& 175pg/mL solutions and inject 10pL of solutions into HPLC
instrument and determine the stability from the recorded
chromatograms.

Alkali degradation studies: Alkali degradation was assesed
by adding 1mL of 2N sodium hydroxide to 1mL of stock solution
of Ibuprofen and Carisoprodol, and refluxed for half an hour at
60°C. Then dilute the above solution in order to get 400pg/mL
& 175pg/mL solutions and inject 10pL of solutions into HPLC
instrument and determine the stability from the recorded
chromatograms.

Table 2: Linearity results for Ibuprofen and Carisoprodol.

Concentration of Concentration of

S. No. Peak Peak
° Ibuprofen (pg/mL) cakarea Carisoprodol (pg/mL) caxarea
1 0 0 0 0
2 100 597678 43.75 408604
3 200 1134165 87.5 790982
4 300 1592756 131.25 1138898
5 400 2208461 175 1587360
6 500 2704070 218.75 1913397
7 600 3214468 262.5 2319964
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Figure 4: Calibration curve of Ibuprofen.
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Figure 5: Calibration curve of Carisoprodol.

Table 3: Intra-day precision results for Ibuprofen and Carisoprodol.

S. No. Ibuprofen Carisoprodol

1 2213252 1574607

2 2222453 1596687

3 2207151 1593280

4 2208162 1597103

5 2207592 1581277

6 2217037 1592345
Mean 2212608 1589217

Std. Dev. 6191.3 9173.6

%RSD 0.3 0.6

Table 4: Inter-day precision results for Ibuprofen and Carisoprodol.

S. No. Ibuprofen Carisoprodol
1 2237618 1605070
2 2242111 1606970
3 2239994 1610422
4 2241614 1603716
5 2246474 1612681
6 2247999 1620424
Mean 2242635 1609881
Std. Dev. 3923.6 6146.8
%RSD 0.2 0.4

Table 5: Accuracy results of Ibuprofen.

% Level Amount Amount % Recovery Mean %Recovery
Spiked (pg/mL) Recovered (pg/mL)

200 196.71 98.35

50% 200 198.56 99.28
200 200.58 100.29
400 394.09 98.52

100% 400 394.97 98.74 99.00%
400 397.43 99.36
600 592.12 98.69

150% 600 596.79 99.47
600 589.75 98.29

Table 6: Accuracy results of Carisoprodol.

% Level Amount Amount % Recovery Mean %Recovery
Spiked (pg/mL) Recovered (pg/mL)

87.5 86.35 98.69
50% 87.5 87.27 99.73
87.5 87.37 99.86
175 174.44 99.68

100% 175 173.64 99.22 99.18%
175 172.90 98.80
262.5 259.27 98.77
150% 262.5 260.89 99.39
262.5 258.56 98.50

Oxidative degradation studies: Oxidative degradation was
studied by adding 1mL of 20% hydrogen peroxide to 1mL of
stock solution of Ibuprofen and Carisoprodol and the solutions
were kept for half an hour at 60°C. For HPLC study, the
resultant solutions were diluted to obtain 400pg/mL & 175ng/
mL solutions and inject 10pL of solutions into HPLC instrument
and determine the stability from the recorded chromatograms.
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Dry heat degradation studies: Dry heat degradation was
assessed by keeping standard drug solutions in an oven at 105°C
for 6hrs. For HPLC study, dilute the above solutions were in
order to get 400pug/mL & 175pg/mL solutions and inject 10 pL
of solutions into HPLC instrument and determine the stability
from the recorded chromatograms.

Photo stability studies: The photochemical stability of the
drugs was also studied by exposing the 4000png/mL & 17501g/
mL solution to UV light by keeping the beaker in UV chamber
for 7days or 200 Watt hours/m?in photo stability chamber.
For HPLC study, the resultant solutions was diluted to obtain
Loopg/mL & 175pg/mL solutions and inject 10pL of solutions
into HPLC instrument and determine the stability from the
recorded chromatograms.

Neutral degradation studies: Stress testing under neutral
conditions was studied by refluxing the drugs in water for 6
hrs at a temperature of 60°C. For HPLC study, the resultant
solutions was diluted to obtain 4oopg/mL & 175pg/mL
solutions and inject 10pL of solutions into HPLC instrument
and determine the stability from the recorded chromatograms.

Degradation studies results of Ibuprofen and Carisoprodol
were tabulated in Tables 7,8.

Table 7: Degradation data of Ibuprofen.

S. No. Degradation Condition % Drug Degraded Purity Angle Purity Threshold

1 Acid 4.84 0.247 0.283
2 Alkali 2.76 3.254 4.332
3 Oxidative 1.69 0.197 0.290
4 Dry heat 0.80 0.103 0.290
5 uv 0.56 0.150 0.293
6 Neutral 0.87 0.118 0.301

Table 8: Degradation data of Carisoprodol.

Degradation Condition % Drug Degraded Purity Angle Purity Threshold

1 Acid 4.93 0.254 0.314

2 Alkali 2.54 0.132 0.427

3 Oxidative 1.56 0.240 0.317

4 Dry heat 0.57 0.226 0.316

5 uv 0.90 0.253 0.321

6 Neutral 0.86 0.245 0.321
Discussion

A stability indicating RP-HPLC method was developed and
validated for the simultaneous estimation of Ibuprofen and
Carisoprodol by using mobile phase consisting of 0.1% ortho
phosphoric acid and acetonitrile in the ratio of 40:60, v/v. The

peaks of Ibuprofen and Carisoprodol were retained at 2.256
min and 3.141min respectively. The method was validated as
per ICH guidelines. The theoretical plates for Ibuprofen and
Carisoprodol were found to be 7099 and 2793 respectively,
which indicates the efficient performance of the column.
Linearity range was found to be 100-600pg/mL for Ibuprofen
and 43.75-262.5ng/mL for Carisoprodol. The %RSD values for
intra-day precision values of Ibuprofen and Carisoprodol were
found to be 0.3 and 0.6 respectively. The %RSD values for inter-
day precision values of Ibuprofen and Carisoprodol were found
to be 0.2 and 0.7 respectively and hence the proposed method
is precise. The mean percentage recoveries of Ibuprofen and
Carisoprodol were found to be 99% and 99.18% respectively
and the method is found to be accurate. Degradation studies
were carried out in acid, alkali, oxidative, dry heat, UV light and
neutral stressed conditions. The results revealed that both the
drugs are stable in described conditions. Thus it is evident that
the described method can be adopted for routine estimation
of Ibuprofen and Carisoprodol in combined pharmaceutical
formulation.

Conclusion

The present method was proposed for the simultaneous
determination of Ibuprofen and Carisoprodol by using RP-HPLC
in tablet dosage form is found to be simple, rapid, accurate
and precise. Shorter retention times and run time indicates
that the developed method was so rapid and economical which
is an appropriate method for regular quality control tests in
pharmaceutical industries.
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