
JOURNAL OF 
CHROMATOGRAPHY B: 
BIOMEDICAL APPLICATIONS 

Journal of Chromatography B, 654 (1994) 282-286 

Short Communication 

High-performance liquid chromatographic assay for ibuprofen 
in whole blood using solid-phase extraction 

J. Sochor”, J. KlimeS”‘*, M. ZahradniEek”, J. SedlAEekb 
“Department of Pharmaceutical Chemistry and Drug Control, Faculty of Pharmacy, Charles University, Heyrovsktho 1203, 

501 65 Hradec Krlilovt!, Czech Republic 

hDepartment of Pathological Physiology, Faculty of Medicine, Charles University, Simkova 870, 500 00 Hradec Krcilovt. 
Czech Republic 

(First received July 12th, 1993; revised manuscript received January llth, 1994) 

Abstract 

A precise, accurate, reproducible one-step method for the high-performance chromatographic determination of 
ibuprofen in whole blood is described. Samples were, after haemolysis, prepared by solid-phase extraction. 
Analyses were performed using reversed-phase chromatography on a Separon SGX C,, column with a mobile 
phase of methanol-water (pH 3) and ultraviolet detection at 222 nm. The method was used for pharmacokinetic 
studies in rabbits. 

1. Introduction 

Ibuprofen, 2-(4-isobutylphenyl)propionic acid, 
is widely used in anti-inflammatory therapy. 
Analysis of ibuprofen in biological fluids is 
frequently performed with the use of high-per- 
formance liquid chromatography (HPLC). 

Most HPLC determinations of ibuprofen are 
carried out in plasma [l-18] or serum [18-211. 
Only a few papers [23-261 describe a HPLC 
assay of ibuprofen in whole blood. 

Ibuprofen was isolated from plasma or serum 
by deproteination [1,2,9,10,18,22], liquid-liquid 
extraction [3-6,11,15,17] or solid-phase extrac- 
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tion [7,8,12,13,16]. A column-switching tech- 
nique for HPLC is described [20] after prior 
liquid-liquid extraction. Timmoney et al. [21] 
have compared both extraction procedures for 
ibuprofen analysis in serum. 

Post-mortem blood was prepared by liquid- 
liquid extraction for screening of acidic and 

neutral drugs, including ibuprofen, by HPLC 
[23]. An analogous procedure was described by 
Levine and Caplan [24]. Ibuprofen was analysed 
in whole blood after deproteination of the sam- 
ple by ion-pairing HPLC [25]. Solid-liquid ex- 
traction was used to clean-up the blood sample 
for HPLC analysis of ibuprofen [26]. 

In the present paper, a HPLC analysis of 
ibuprofen in whole blood is described. Blood 
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samples were cleaned-up by solid-phase extrac- 
tion before HPLC analysis. The method was 
applied to the determination of ibuprofen in 
blood samples arising from a pharmacokinetic 
study. 

2. Experimental 

2.1. Chemicals and reagents 

Ibuprofen standard and internal standard 
(I.S.) (indomethacin) were supplied by LCEiva 
(Prague, Czech Republic). Methanol, methylene 
chloride and hydrochloric acid (35%) were pur- 
chased from Lachema (Brno, Czech Republic). 
Perchloric acid was obtained from Merck (Darm- 
stadt, Germany). All reagents were analytical- 
reagent grade, methanol was HPLC grade and 
methylene chloride was distilled. Water was 
doubly distilled. The phosphate buffer (pH 2) 
used for sample preparation was prepared from 
66 mmol KH,PO, (pH 5), adjusted to pH 2 with 
phosphoric acid. 

The extraction columns Silica cart C,, and 
Separon SGX C18, 60 pm, (1 ml cartridge) were 
supplied by Tessek (Prague, Czech Republic). 

2.2. Chromatography 

The HPLC system consisted of a Model 8500 
Varian pump, Varichrom UV-Vis detector (both: 
Varian, Palo Alto, CA, USA) and SP 4100 
integrator (Spectra Physics, Santa Clara, CA, 
USA). Analytical samples were introduced onto 
the column using a Model LCI 30 injection valve 
(Laboratory Instruments, Prague, Czech Repub- 
lic) with a lo-p1 loop. The analytical glass 
column contained Separon SGX C,, (1.50 x 3.3 
mm I.D., 5 pm, Tessek). The mobile phase was 
methanol-water (220:100, v/v) with a final ap- 
parent pH of 3.0 adjusted with 5% perchloric 
acid solution and was filtered and helium de- 
gassed prior to use. The flow-rate was set at 1.3 
ml/min. The UV absorbance of the column 
effluent was monitored at 222 nm. 

The concentration of ibuprofen was calculated 

using a calibration curve. The calibration curve 
was made by plotting the peak-area ratio (y) 
versus the concentration of the ibuprofen (x). 

2.3. Preparation of standard 

Stock solutions of ibuprofen and indomethacin 
(internal standard, IS.) were prepared in metha- 
nol by dilution of 1 mg/ml and 0.5 mg/ml, 
respectively. 

Drug-spiked blood standards were prepared 
by ahquoting appropriate volumes of stock solu- 
tions to 0.25 ml of control rabbit blood (con- 
centration range 20-100 pglml). 

2.4. Biological samples 

Samples of whole blood (heparinized) were 
obtained from the Department of Pathological 
Physiology, Faculty of Medicine, Charles Uni- 
versity (Hradec Kralove, Czech Republic). Rab- 
bits were treated with a solution of ibuprofen (25 
mg/kg weight) and blood samples were with- 
drawn in a pharmacokinetic study. Samples were 
withdrawn 3, 6, 15, 30, 60 and 120 min after drug 
administration. All blood samples were immedi- 
ately frozen. 

2.5. Sample preparation 

Blood samples were prepared for analysis by 
solid-phase extraction using vacuum. A 0.25-ml 
volume of blood sample was pipetted into a 5-ml 
glass stoppered centrifuge test tube, 5 ~1 of the 
internal standard solution were added and sam- 
ple was haemolysed by adding 0.5 ml of water. 
The sample was shaken for 5 min, placed in an 
ultrasonic bath for 5 min and a left at room 
temperature for 5 min. A l-ml volume of phos- 
phate buffer (pH 2) was added to the 
haemolysed sample and, after 5 min shaking, the 
sample was centrifuged for 10 min at 1930 g. The 
supernatant was transferred onto an extraction 
cartridge, which had been prewashed sequential- 
ly with 5 ml of methanol, then with 5 ml of 
water, and 5 ml of phosphate buffer (pH 2). The 
loaded cartridge was washed with 5 ml phos- 
phate buffer followed by 10 ml of water. The 
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extraction cartridge was dried with vacuum for 5 
min. Ibuprofen and internal standard were 
eluted with 4 ml methylene chloride. The eluate 
was evaporated to dryness under a gentle stream 
of nitrogen. Prior to liquid chromatography, the 
residue was dissolved in 100 ~1 of the mobile 
phase. 

2.6. Recovery 

The recovery of ibuprofen from whole blood 
was examined. Spiked samples were prepared by 
adding known amounts of ibuprofen to blank 
whole blood. The concentrations of the samples 
were 20, 
analysed 
obtained 
by direct 
tion. 

50 and 100 pg/ml. The samples were 
as described above. The peak areas 
were compared with those obtained 
injection of ibuprofen without extrac- 

3. Results and discussion 

An isolation technique was developed and 
HPLC conditions were optimized for determi- 
nation of ibuprofen in whole blood samples. 
Over the last years the importance of solid-phase 
extraction has grown considerably. Solid-phase 
extraction columns have been used to isolate 
ibuprofen from samples of plasma [7,8,12,13,16], 
serum [21], urine [27,28] or blood [26]. In the 
present paper solid-phase extraction was used to 
clean-up blood samples. Ibuprofen was isolated 
on C,, extraction columns. Of the eluents tested, 
methylene chloride was preferred to methanol, 
because the latter gave a low extraction ef- 
ficiency. In order to increase the efficacy of the 
solid-phase extraction, it was necessary to carry 
out haemolysis of the blood sample. Adding 
phosphate buffer and subsequent centrifu- 
gation of the sample improved the extraction 
procedure. The mean recovery of ibuprofen 
over the range 20-100 Fg/ml was 91.7% (Table 

1) 
Under the chromatographic conditions de- 

scribed, ibuprofen and internal standard (in- 
domethacin) gave sharp, symmetrical and well- 
resolved peaks with retention times 9.9 min and 

Table 1 

Recovery of ibuprofen in whole blood 

Added concentration 

(pgiml) 

20.0 

50.0 

100.0 

Recovery 
(means? S.D., n = 5) (%) 

89.3 + 2.0 
92.5 5 2.3 

93.3 t 2.7 

7.8. min, respectively. No endogenous blood 
components interfered with either peak. The 
chromatograms obtained from a blank blood 
sample, a control spiked sample and a sample 
from the rabbit are shown Fig. 1. No potential 
metabolite peaks were observed in the solid- 
phase extracted post-dose rabbit blood sample. 
Satisfactory results have been achieved also 
when testing other potential internal standards 
(diazepam, phenylanthranilic acid). 

Quantitation of ibuprofen was based on the 
least-squares linear regression analysis. The cali- 
bration curves displayed good linearity over the 
range examined. The linear regression equations 
were y = 0.0460 x -0.063 (r = 0.999). The limit 
of detection for ibuprofen in blood was 100 
ng/ml, and the limit of quantitation was 300 
ng/ml. 

Both within-day and day-to-day precision and 
accuracy of the calibration curves were ex- 
amined. Within-day precision was calculated 
from the analysis of five blood samples of four 
concentrations of ibuprofen. Day-to-day preci- 

A B 
C 

IBP IS 

Fig. 1. Typical chromatogram for ibuprofen (IBP) and 

internal standard (I.S.) in rabbit whole blood. (A) Blank 

sample, (B) control sample spiked with standard solu- 
tion of ibuprofen (10 pg/ml) and I.S. (10 pg/ml), (C) 

30.min sample from a rabbit given a single dose of 25 mgikg 

of ibuprofen. 
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Table 2 4. Conclusions 
Assay precision and accuracy of determination of ibuprofen 

in whole blood 
The HPLC method described in this paper 

allows the determination of ibuprofen in whole 
blood using solid-phase extraction. The advan- 
tage of this method is that whole-blood samples 
can be analyzed. After withdrawing the blood 
sample it is not necessary to separate the plasma; 
the sample can be directly analyzed with the 
method described in the present paper. The 
method is precise, accurate and reproducible, 
even when a complex biological matrix like 
plasma or serum has to be analyzed. The method 
is suitable for the monitoring of ibuprofen levels 
in blood. 

Concentration (pg/ml) n C.V. 

(%) 

Added Found 

Within-day 
10.0 

30.0 

90.0 
120.0 

Day-to-day 
10.0 

30.0 

90.0 
120.0 

10.2 ” 0.2 

29.7 2 0.5 

91.2 2 1.2 

121.1* 1.5 

9.8 2 0.4 16 4.1 

30.8 2 0.7 16 2.3 

89.0 2 1.7 16 1.9 
122.4 2 2.4 16 2.0 

2.0 

1.7 

1.3 

1.2 

sion was investigated during a four-months 
period. Measured concentrations and coefficients 
of variation (C.V.) are presented in Table 2. The 
C.V. values were all less than 5%. The good 
precision and accuracy of the method allow 
it to be used successfully in pharmacokinetic 
studies. 

The level of ibuprofen was investigated with 
laboratory rabbits in a two-hour pharmacokinetic 
study. The blood samples were analyzed and the 
amounts of ibuprofen determined. A typical plot 
of the concentration of ibuprofen in blood versa 

time obtained after i.v. administration of ibu- 
profen in a single dose of 25 mg/kg to rabbits is 
illustrated in Fig. 2. 

Time (min) 

Fig. 2. Concentration of ibuprofen in rabbit blood following 

intravenous administration. 

5. References 

[l] A. Shah and D. Young, J. Chromatogr., 378 (1986) 272. 

[2] A. Avgerinos and A.J. Hutt, J. Chromatogr., 380 

(1986) 468. 

[3] P.E. Minkler and Ch.L. Hoppel, J. Chromatogr., 428 

(1988) 388. 

[4] J.H. Satter White and F.D. Boupinot, /. Chromatogr., 
497 (1989) 320. 

[5] M. Lalande, D.L. Wilson and I.J. McGilveray, J. 

Chromatogr., 377 (1986) 410. 

[6] G. Berner, R. Staab and M.M. Wagener, Fresenius’ J. 

Anal. Chem., 336 (1990) 238. 
[7] J.H.G. Jonkmann, R. Schoenmaker, A.H. Holtkamp 

and J. Hempenius, J. Pharm. Biomed. Anal., 3 (1985) 
433. 

[8] H.T. Karnes, K. Rajasekhariah, R.E. Small and D. 

Farthing, J. Liq. Chromatogr., 11 (1988) 489. 

[9] A.M. Rustum, J. Chromatogr. Sci., 29 (1991) 16. 
[lo] G.S. Owen, S.M. Roberts and W. Friesen, J. Chroma- 

togr., 416 (1987) 293. 

[ll] F. Lapicque, P. Netter, B. Bannwarth, P. Trechot, P. 

Gillet, H. Cambert and R.J. Royer, J. Chromatogr., 
496 (1989) 301. 

[12] B.D. Kaluzny and CA. Bannow, J. Chromatogr., 414 

(1987) 228. 
[13] M. Shulz and A. Schmoldt, Pharm. Ztg. Viss., 2 (1989) 

[14] %I. Nahata, J. Liq. Chromatogr., 14 (1991) 187. 

[15] I.S. Blaghrough, M.M. Daykin, M. Doherty, M. Pat- 

trick and P.N. Shaw, J. Chromatogr., 578 (1992) 251. 

[16] M. Castillo and P.C. Smith, J. Chromatogr., 614 (1993) 
109. 

[17] R. Ginman, H.T. Kames and J. Perrin, J. Pharm. 
Biomed. Anal., 3 (1985) 439. 

[18] P.J. Streete, J. Chromatogr., 495 (1989) 179. 



286 J. Sochor et al. I J. Chromatogr. B 654 (1994) 282-286 

[19] R.W. Slingsby and M. Rey, J. Liq. Chromatogr., 13 [24] B. Levine and Y.H. Caplan, C&n. Chem., 31 (1985) 
(1990) 107. 346. 

[20] K. Yamashita, M. Motohashi and T. Yashiki, J. Chro- 
matogr., 570 (1991) 329. 

[21] P. Timmoney, S. Newton and P. Beals, Adv. Lab. 
Autom. Rob., 5 (1989) 249. 

[22] W.A. Malik, B. Ahmad, K.H. Janbaz, M.A. Khan, 

AS. Ijaz and M.K. Saleh, Sci. Znt., 4 (1992) 63. 

[23] E.M. Chan and S.C. Chan, J. Anal. Toxicol., 8 (1984) 
173. 

[25] A.M. Rustum, J. Chromatogr., 526 (1990) 246. 
[26] C.M. Moore and I.R. Tebbet, Forensic Sci. Znf., 34 

(1987) 155. 

[27] S.R. Binder, M. Regalia, M. Biaggi-Mc Eachern and M. 

Mazhar, J. Chromatogr., 473 (1988) 325. 
[28] R.T. Patel, J.R. Benson, D. Hometchko and G. Mar- 

shall, Am. Lab. (Fairfield, Corm.), 22 (1990) 92. 


