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ABSTRACT 

For in vivo pharmacokinetic studies, it is pre-requisite to quantify drug concentrations in plasma. In the present study a 
RP-HPLC procedure was developed and validated for the assessment of ketoprofen in human plasma. For this purpose 
mobile phase consisting of methaol:water (70:30) adjusted to pH 3.3 with phosphoric acid was used, and chromatogra- 
phy was carried out on Discovery HS C18 column, 5 μm (25 cm × 4.6 mm). The flow rate was 1 mL·min−1 and 
quantitative assessment was performed at 260 nm. The retention time was found to be <10 min. A method was found to 
be accurate and illustrated linearity from 0.2441 to 125 μg·mL−1 with the determination coefficient (r2) of 0.9999, also 
accuracy and precision were found to be <2 (%RSD). The intraday accuracy for concentrations 62.5 μg·mL−1, 15.625 
μg·mL−1, 7.812 μg·mL−1 and 1.953 μg·mL−1 were found to be 99.747%, 99.475%, 98.457% and 99.824% respectively 
where as for interday accuracy consecutive values for days 1, 2 and 3 were 99.104%, 99.091%, 98.96% and 99.385% in 
plasma. All validation parameters were assessed and were found to be within the limits. The proposed method was ac- 
curate, specific, quick (retention time < 10 min), selective (showed no interference with excipients), cost effective and a 
good resolution which gave this method an advantage over the different other reported methods for the estimation of 
ketoprofen in human plasma. 
 
Keywords: RP-HPLC; Ketoprofen; Linearity; Accuracy; Precision; Specific 

1. Introduction 

Ketoprofen [2-(3-benzoylphenyl) propionic acid] is a 
non-steroidal anti-inflammatory and analgesic compound 
(NSAID) (Figure 1) used in the management of osteo- 
arthritis. It decreases joint swelling in patients with rheu- 
matoid arthritis [1]. It was also compared with other non- 
steroidal anti-inflammatory compounds like, Ibuprofen, 
Aspirin and Indomethacin [2,3]. Ketoprofen is widely used 
in different conditions particularly, in epicondylitis, fro- 
zen shoulder and tendonitis [2]. 

Different methods have been developed and validated 
which were adequately sensitive to assess the concentra- 
tions of NSAID’s in serum [4]. There are various litera- 
tures, which reported the quantitative assessment of ke- 
toprofen in various pharmaceutical formulations. Differ- 
ent scientists reported fast flow-injection technique for 
the analysis of ketoprofen in pharmaceuticals. The limit 
of detection (LOQ) and the limit of quantification (LOQ) 

were 1.7 × 10−6 M and 5.3 × 10−6 M respectively [5]. 
Different authors also reported special techniques i.e. 
microdialysis or open-flow microperfusion which were 
used in the pharmacokinetic studies of ketoprofen [6]. 
The above methods are not appropriate for the routine 
utilization in pharmacokinetic testing due to less avail- 
ability of equipments and special sample preparation. In 
the present study a simple and sensitive RP-HPLC me- 
thod has been proposed for the simultaneous estimation 
of ketoprofen in tablet formulation and plasma as this 
method would facilitate more efficient generation of 
pharmacokinetic data at low cost. Also the low values of 
LOD and LOQ merit this method to be used in clinical 
samples. 

2. Experimental 

2.1. Chemicals and Regents 

USP reference standard of ketoprofen was gifted by 
(Aventis Pharma (Pvt.) Ltd) and Methanol and phospho-  *Corresponding author. 
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Figure 1. Chemical structure of ketoprofen. 
 
ric acid were obtained from (Merck, Damstadt, Ger- 
many). For deionization of water, Deionizer (Elga, High- 
wycombe, England) was used. All the reagents and che- 
micals were of analytical grade. 

2.2. Standard and Working Solutions 

A standard solution of 0.05% of ketoprofen was prepared 
in the mobile phase. Working solutions were prepared by 
making dilutions in the same solvent. 

2.3. Procedure for Tablet Formulation 

Nine different formulations of fast dispersible ketopro- 
fen 100 mg tablets were developed. Different physico- 
chemical tests were performed. All the results were with- 
in the acceptable limits. Formulation 6 was selected as 
the best formulation [7]. Twenty tablets (fast dispersible) 
containing 100 mg of ketoprofen were accurately weigh- 
ed and crushed, an amount equivalent to 100 mg of keto- 
profen were transferred to 100 ml volumetric flasks, sam- 
ples were then dissolved and diluted to the required con- 
centrations (with mobile phase). Samples were then fil- 
tered through 0.45 μm filter paper. A placebo tablet was 
also subjected to the method as described above to study 
the possibility of raw material intervention in the analy- 
sis. 

2.4. Procedure for Plasma Drug Analysis 

From the human volunteers, plasma samples were col- 
lected and stored. Protein was separated using plasma 
and acetonitrile in a ratio of 1:1; this mixture was then 
vortex for 10 minutes, centrifuged at 3000 rpm for 10 
min. Supernatant was then filtered by 0.45 μ membrane 
filter. The obtained plasma was then used to produce the 
desired concentrations. These samples were stored at 
−20˚C for the testing. 

2.5. Instrumentation and Chromatographic  
Conditions 

High Performance Liquid Chromatographic system (LC 
20A, Shimadzu Corp, Japan), with a pump (LC 20A, 
Shimadzu Corp, Japan), Communication Bus Module (CBM 
102, Shimadzu Corp, Japan) and spectrophotometric de- 
tector (SPD-20A, Shimadzu Corp, Japan) with a Pen- 
tiumTM IV PC loaded with Class GC software (GC 20, 

Shimadzu Corp, Japan) for results attainment. Mobile 
phase consisted of methanol:water in the ratio of (70:30 
v/v) with pH adjusted to 3.3 with phosphoric acid, fil- 
tered through 0.45 μm (Millipore, England) and degassed. 
HPLC was attached with guard column C18 and Discov- 
ery HS C18 column, 5 μm (25 cm × 4.6 mm) was used. 
The flow rate was 1 mL·min−1 and the detector was set at 
260 nm and the injection volume was 20 μL. In addition, 
analytical balance (Mettler Toledo B204-S, Switzerland), 
pH meter (370 pH meter, Jenway, Europe), microlitre 
syringe (Hamilton, Switzerland), swinney membrane filter 
(Millipore, England), vortex mixer (Whirl Mixer, Eng- 
land), centrifuge (Hereues, Osterode, Germany) and soni- 
cator (LC20H) was used. 

2.5.1. Method Development 
In order to choose the most appropriate mobile phase for 
the separation of ketoprofen isocratic elution was used. 
The procedure was optimized by changing the composi- 
tion of the mobile phase, pH and the flow rate. Initially, 
different mobile phases were studied which were resulted 
in broader peaks and long retention time. The excellent 
resolution and optimal retention were achieved when 
methanol:water (70:30) was used with pH adjusted to 3.3 
with phosphoric acid. 

2.5.2. Validation Procedure 
In the present research work we studied various parame- 
ters i.e., system suitability, specificity, linearity, accuracy, 
precision, limit of detection and quantitation, robustness 
and ruggedness, freeze and thaw stability and long term 
stability of ketoprofen according to the ICH Q2B [8] 
guidelines. 

For system suitability we injected five replicates of 
1.953 μg·mL−1. These five consecutive injections were 
used to assess the system suitability on each method 
validation day. Different parameters such as tailing factor 
(<2), peak area, theoretical plates (>3000) were found to 
be satisfactory. 

Specificity distinguishes between the analyte and other 
constituents present in the sample [9]. Therefore, in order 
to estimate interference of mobile phase and excipients 
used in tablet formulation, specificity was assessed by 
injecting samples of active ingredient, tablet formulation 
and human plasma. 

Calibration curve was determined by plotting the peak 
area against injected concentrations [9]. Linearity of the 
method was estimated at ten different concentrations that 
were ranged from 0.244 to 125 μg·mL−1. 

Accuracy of the procedure is the closeness in the ac- 
tual and nominal data obtained which was estimated   
by recovery method [10]. The accuracy of the method 
was determined at three different levels in bulk material 
i.e. 62.5 μg·mL−1, 3.906 μg·mL−1 and 1.953 μg·mL−1. 
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Accuracy of the method in tablet formulation was also 
evaluated by the analysis of three concentrations i.e. 62.5 
μg·mL−1, 31.25 μg·mL−1 and 15.625 μg·mL−1. Also mean 
percent recovery was determined in the study. Similarly, 
relative analytical recovery was estimatedfor concentra- 
tions 31.25 μg·mL−1, 7.812 μg·mL−1 and 3.906 μg·mL−1. 

Inter-day precision was carried out by analyzing four 
different concentrations on three days consecutively. Si- 
milarly, intra-day precision was performed by analyzing 
ten replicate injections of four concentrations. Method 
ruggedness was estimated with two different instruments 
in two different laboratories. Lab 1 was in the Ziauddin 
College of Pharmacy, Ziauddin University and Lab 2 was 
in the Department of Pharmaceutics, Faculty of Phar- 
macy, University of Karachi. 

3. Results and Discussion 

For the determination of drugs, development of HPLC 
method has received significant attention in current years 
in routine drug analysis. Generally, HPLC method needs 
complicated and costly instruments, difficult sample 
preparation methods and disposal of solvents [11]. The 
aim of the present study was to develop a more perfect, 
accurate and less time consuming method for the estima- 
tion of ketoprofen in human plasma using the C-18 col- 
umn with UV detector. 

3.1. Method Development 

For achieving the best condition of the method, different 
ratios of MeOH:Water (50:50 v/v, 60:40 v/v) was tried. It 
was found that the above ratios of methanol and water 
were resulted in long retention time and poor resolution. 
But MeOH:Water (70:30 v/v) gave the excellent results. 
The assessment was carried out on a Discovery HS C18 
column, 5 μm (25 cm × 4.6 mm), using the mobile phase 
of 70:30 v/v MeOH:Water and pH was adjusted to 3.3 
with phosphoric acid which provides significant and re- 
producible separation of the constituents. The flow rate 
was 1 mL·min−1 and retention time was <10 min which is 
significant for routine drug analysis. The eluent was ob- 
served at 260 nm. The advantages of the proposed pro- 
cedure are simplicity of operation, analysis time (<10 
min), use of cost effective solvents and no interferences 
with good limit of detection to facilitate pharmacokinetic 
analysis of ketoprofen. 

3.2. Method Validation 

In the present study the method was developed and vali- 
dated for the estimation of ketoprofen compound in hu-
man plasma. According, to the guidelines of ICH Q2B 
[8], different parameters such as linearity, precision, ac-
curacy, specificity, system suitability, freeze and thaw 

stability and long term stability of ketoprofen. 

3.2.1. System Suitability 
System suitability tests were percentage relative standard 
deviation (RSD) of peak area, retention time, tailing fac- 
tor and theoretical plates. All the parameters were found 
to be within the range (Tables 1 and 2). Above parame- 
ters were measured by Class-GC10 software (version 
2.00). 

3.2.2. Specificity 
Figures 2 and 3 indicated that the method was free of 
interference in the existence of excipients which showed 
that the procedure is specific for ketoprofen. 

3.2.3. Linearity 
In the present study we injected the known concentra-
tions of ketoprofen in plasma i.e. 125 μg·mL−1, 62.5 
μg·mL−1, 31.25 μg·mL−1, 15.625 μg·mL−1, 7.812 μg·mL−1, 
3.906 μg·mL−1, 1.953 μg·mL−1, 0.976 μg·mL−1, 0.488 
μg·mL−1 and 0.244 μg·mL−1. Table 3 presents the re-
gression statistics of known concentration analytical re-
sponse, calibration curve was constructed in the range of 
(0.244 to 125 μg·mL−1) and was found to be linear. The 
slope, intercept and the determination coefficient was 
also estimated. Good linearity was obtained with correla-
tion coefficients (r2 = 0.9999) (Figure 4). 

3.2.4. Accuracy 
Accuracy was described as %relative error between the 
measured average concentrations and taken concentra- 
tions. Data corresponding to the accuracy of the method 
in bulk material and in tablet formulation were presented  
 

Table 1. Parameters of system suitability. 

No. of 
injections

Conc: 
μg·mL−1

Retention 
Time 

Area 
Tailing 
factor 

Theoretical 
plates 

1 1.953 9.44 99,920 1.68 5203 

2 1.953 9.44 98,094 1.67 5257 

3 1.953 9.44 98,180 1.67 5255 

4 1.953 9.44 97,921 1.67 5263 

5 1.953 9.43 98,378 1.67 5248 

 
Table 2. System suitability results. 

Parameters Mean %RSD Limits 

Area 98498.6 0.82 Less than 2 

Retention time 9.438 0.04 - 

Tailing factor 1.672 0.26 Less than 2 

Theoretical plates 5245.2 0.46 - 
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Table 3. Linearity of the method in plasma. 

Drug Conc. μg·mL−1 r2 Regression equation y-intercept LOD (μg·mL−1) LOQ (μg·mL−1)

Ketoprofen 0.244 - 125 0.9999 Y = 31872x − 639.29 639.29 0.122 0.244 

 

 

Figure 2. A representative chromatogram of ketoprofen in bulk material. 
 

 

Figure 3. A representative chromatogram of ketoprofen in human plasma. 
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Figure 4. Linearity curve of ketoprofen in plasma. 
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in Tables 4(a) and (b), the %recovery were ranged from 
98.608% to 101.587% in bulk material and 99.36% to 
99.99% in tablet formulation, the obtained results pro- 
vided the verification for the method accuracy. Similarly, 
the values of relative analytical recovery were ranged 
from 98.869% to 99.277% (Table 5). Results showed 
that there is no important difference between the concen- 
tration of drug spiked in human plasma and the concen- 
tration recovered. Thus, plasma showed no interference 
with the estimation. 

3.2.5. Limit of Detection and Quantitation 
For the estimation of LOD of this method, concentration 
of 0.122 μg·mL−1 was injected several times in plasma 
and was considered as LOD. Since the calibration curve 
was examined from 0.244 to 125 μg·mL−1, the former 
concentration was considered as LOQ (Table 3). 

3.2.6. Precision 
Day to day and with in a day precision evaluation was  
 
Table 4. (a) Accuracy of the method for ketoprofen; (b) 
Accuracy of the method for ketoprofen in tablet formula- 
tion. 

(a) 

Bulk material 
DRUG Conc. (μg·mL−1) 

Mean (n = 5) 
%Recovery 

62.5 61.63 98.608 

3.906 3.880 99.334 Ketoprofen 

1.953 1.984 101.587 

(b) 

S/N 
Concentration  

(μg·mL−1) 
Found (μg·mL−1) 

mean ± SD (n = 5) 
Recovery (%) 

(n = 5) 

1 62.5 62.1 ± 0.04 99.36 

2 31.25 31.23 ± 0.03 99.93 

3 15.625 15.624 ± 0.04 99.99 

 
Table 5. Relative analytical recovery of the method in 
plasma. 

Relative analytical recovery 

Actual concentration (μg·mL−1) 31.25 7.812 3.906

Measured  
Conc. 

Rel  
recovery 

Measured 
Conc. 

Rel  
recovery 

Measured 
Conc. 

Rel 
recovery

31.25 % 7.812 % 3.906 % 

Mean (n = 5) 98.869  99.245  99.277

SD 0.985  0.436  0.800

%CV 0.997  0.439  0.806

carried out by injecting concentrations of 62.5 μg·mL−1, 
15.625 μg·mL−1, 7.812 μg·mL−1 and 1.953 μg·mL−1, 
mean, SD, CV (%) were determined as shown in Table 6. 
The results indicated that the values were found to be in 
acceptable limits and the method was found significantly 
accurate and precise. 

3.2.7. Ruggedness 
The ruggedness was found by estimating ketoprofen us- 
ing the identical column on two different instruments on 
different labs. This method did not indicate any notable 
difference in results from the limits. 

3.2.8. Robustness 
Robustness was analyzed after deliberate variations in 
pH and flow rate. It was determined that %RSD values 
did not exceed > than 2%. 

3.2.9. Freeze and Thaw Stability 
Freeze and thaw stability were also carried out for five 
samples of 1.953 μg·mL−1 as low concentration and same 
number of samples for 15.625 μg·mL−1 as high concen- 
tration which were subjected to three freeze thaw cycles. 
There mean, SD and %CV were determined and pre- 
sented in (Table 7). 

3.2.10. Long Term Stability 
The long term stability was also evaluated for low 1.953 
μg·mL−1 and high concentrations of 15.625 μg·mL−1. The 
%CV of fresh samples for 1.953 μg·mL−1 was 0.058% 
and 0.007% for 15.625 μg·mL−1. After 2 and 3 weeks 
storage period at −20˚C, %CV were determined to be 
0.085% and 0.084% for low and 0.353% and 0.160% for 
high concentrations (Table 8). 
 
Table 6. Precision of the method for ketoprofen in plasma. 

Variable Selected concentrations 

Within day
62.5 

(μg·mL−1)
15.625 

(μg·mL−1) 
7.812 

(μg·mL−1) 
1.953 

(μg·mL−1) 

Mean (n = 10) 62.342 15.543 7.692 1.9497 

SD 0.090 0.056 0.056 0.001 

CV (%) 0.145 0.362 0.739 0.072 

Accuracy 99.747 99.475 98.457 99.824 

Day to day
62.5 

(μg·mL−1)
15.625 

(μg·mL−1) 
7.812 

(μg·mL−1) 
1.953 

(μg·mL−1) 

Mean (n = 15) 61.94 15.483 7.731 1.941 

SD 0.470 0.262 0.057 0.005 

Precision 0.759 1.697 0.742 0.308 

Accuracy 99.104 99.091 98.963 99.385 
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Table 7. Freeze and Thaw stability of ketoprofen. 

Freeze and thaw stability of ketoprofen 

Low Concentration 1.953 μg·mL−1 

 
Fresh  

sample 
FT  

cycle 1 
FT  

cycle 2 
FT  

cycle 3 

Mean (n = 5) 1.951 1.949 1.949 1.948 

SD 0.001 0.001 0.001 0.001 

%CV 0.062 0.076 0.058 0.058 

High concentration 15.625 μg·mL−1 

 Fresh sample 
FT  

cycle 1 
FT  

cycle 2 
FT  

cycle 3 

Mean (n = 5) 15.622 15.525 15.353 15.290 

SD 0.001 0.065 0.072 0.037 

%CV 0.008 0.424 0.469 0.248 

 
Table 8. Long term stability of ketoprofen. 

Long term stability 

Low concentration 1.953 μg·mL−1 

 Fresh sample 
After 2 wk 
(at −20˚C) 

After 3 wk 
(at −20˚C) 

Mean (n = 5) 1.950 1.946 1.940 

SD 0.001 0.001 0.001 

%CV 0.058 0.085 0.084 

High concentration 15.625 μg·mL−1 

 Fresh sample FT cycle 1 FT cycle 2 

Mean (n = 5) 15.622 15.510 15.318 

SD 0.001 0.054 0.024 

%CV 0.007 0.353 0.160 

4. Conclusion 

This proposed RP-HPLC method was appropriate for the 
determination of ketoprofen in raw materials and tablet 
formulations and it could also be used for human plasma. 
This method was easy, specific and less time consuming. 
Also, this method could be used for pharmacokinetic 
testing of the drug. 
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