
183 

Journal of Chromatogmphy. 226 (1981) 183-190 
Biomedical Applicatiqns - 
Elsevier Scientific Publishing Company, Amsterdam -Printed in The Netherlands 

CHROMBIO. 1003 

DETERMINATION OF IBUPROFEN IN SERUM BY HIGH-PERFORMANCE 
LIQUID CHROMATOGRAPHY AND APPLICATXON TO IBUPROFEN DIS- 
POSITION 

GREGORY L. REARNS and JOHN T. WILSON* 

Section on Clinicat Pharmacology. Department of Pharmacology and Thempeutics, 
Louisiana State University Medical Center, P-0. Box 33932, Shreveport, LA 71130 (U.S.A.) 

(Received April 16th. 1981) 

SUMMARY 

A high-perfo rmance liquid chromatographic method for quantitation of ibuprofen from 
serum and application of this methcd to ibuprofen disposition in the dog is described. The 
drug was extracted from acidified plasma with dichloromethane. The internal standard used 
was a methanolic solution of 4-n-butylphenylacetic acid. A PBondapak C,, column was 
used for analysis; the mobile phase was methanol-water-glacial acetic acid (pH 3.4) (75 : 
24 : 1, vlv). A wavelength of 272 nm was used to monitor ibuprofen and the internal stan- 
dard_ 

Method sensitivity was 0.5 erg/ml serum using either 0.5 or 1.0 ml of sample and no inter- 
ference was found from endogenous compoundsor other commonly used arkinflammatory 
agents. The coefficients of variation of the method were 4.2% and 6.0% for samples con- 
taining 50.0 and 6.25 pglml of ibuprofen, respectively, and the calibration curve was linear 
for the range of 0.5 to 100 Dg/m:_ This method was demonstrated to be suitable for pharma- 
cokinetic and/or biopharmaceutical studies of ibuprofen in man and the dog_ 

INTRODUCTION 

Ibuprofen [D&-(p-isobutylphenyl)propionic acid, IBI_Jl is a 2-phenylalkyl- 
carboxyiic acid derivative possessing potent anti-inflammatory, antipyretic and 
andgesic~~properties [l-3] _ It is used extensively for the treatment of adult and 
juvenile rheumatoid. arthritis [3-51, and additionally in the treatment of pain 
associated with dysmenorrhea [6} and for antipyresis [7] _ 

LBU and its_ rnetabolites have been assayed in plasma by a variety‘ of tech- 
niques _ iucluding gas-liquid . chroma&-aphy . (_GLC-J with derivatization @I._ 
coior&$ric _determination of a-copper complex c91, GLC with electron-cap- 
ture detection [lo], and a combined gas chromatography-mass spectrometry 
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method [11] _ Several GLC methods have obviated the need for derivatization 
[l&13] and hence have simphfied the analysis of IBU. These methods, how- 
ever, require l_O-2.0 ml of plasma, and thereby render a pharmacokinetic or 
bioavaiIabiIity study of IBU in children difficuIt_ 

Pit& and Grandi [14] measured IBU in l_O-ml samples of spiked canine pIas- 
ma by utilizing high-performance liquid chromatography (HPLC). They did 
not, however, demonstrate appropriate utility or evaluate their method in a 
biological system. We developed a rapid, specific, and sensitive HPLC method 
for IBU in serum volumes of OS-l.0 ml_ Application of this method to human 
serum and to IBU disposition in the dog is described_ Suitability of the method 
for therapeutic drug monitoring is discussed_ 

MATERIALS AND METHODS 

Standards 
IBU and 4-n-butylphenylacetic acid, the internal standard (IS), were donated 

by Boots Pharmaceutical (Nottingham, Great Britain). 

Preparation of sample 
Ten micrograms of the IS were added to a serum sample (0.5 or 1.0 ml) con- 

mined in a 12_0-ml conical glass-stoppered tube. Hydrochloric acid (5 M, 0.2 
ml) was added to precipitate serum proteins_ Dichloromethane (3.0 ml) was 
added and the extraction was performed on a shaking board mixer for 10 min_ 
The sample was centrifuged for 5 min at 1500 g, the clear upper aqueous Layer 
removed by aspiration and the lower dichloromethane layer decanted into a 
3_0-ml conical viaI. The organic Iayer was evaporated to dryness under a gentle 
stream of nitrogen in a 37°C water bath_ Evaporated samples were reconsti- 
tuted with 40 ~1 of the HPLC eluent, mixed thoroughly and recentrifuged at 
1500 g for 10 min. The clear supernatant fraction was transferred to a sample 
viaI and capped in preparation for automated analysis. 

Conditions of analysis 
A Waters Assoc. (Milford, MA, U.S.A.) HPLC apparatus with the following 

instrumentation was used: M6000A Solvent Delivery System, Waters 1nteJ.h 
gent Sample Processor (WISP), Data Module and M450 variable-wavelength UV 
detector. A @ondapak Cl8 column, particle size 10 pm (reversed-phase) pre- 
ceeded by a guard frit and a guard column packed with C&/CorasiI bulk 
packing were also used (Waters Assoc_)_ The eluent (pH 3.4) was a mixture of 
75% methanol (Waters Assoc.), 24% deionized water and 1% glacial acetic acid. 
Ah solutions were prefihered with an FH-type fiiter (MiJlipore, Bedford, MA, 
U.&A_), prewet with methanol_ 

The flow-rate was 1.5 mI/min at room temperature (20-22°C). The WISP 
and Data Module were programmed to inject 5-O-20.0 ~1 of the extracted sam- 
ples_ Both IBU and the internal standard were eluted for a period of 6 min. 
Absorbance detection at a wavelength of 272 nm and an instrument range 
setting of 0.01 were used to monitor both compounds. 
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RESULTS 

Chmma togmm and elu tion characteristics 
A typical chromatographic tracing is seen in Fig. 1. Variable injection vol- 

umes (5-20 ~1) were used to ensure appropriate resolution characteristics for 
peak height determination. With a constant flow-rate (1.5 ml/min) and chart 
recording speed of 1 cm/min, IBU and the internal standard eluted at retention 
times of 4-4 and 3.97 min, respectively_ Both compounds consistently pro- 
duced symmetrical peaks with minimal taiIing_ Adequate separation was ob- 
tained during the elution of both compounds (ar-value of 1.22 for IBU)_ 

A 

TIME (min) 

Fig_ 1. Representative chromatographic tracings of LO-ml human serum, spiked with (A) 50 
p&ml and (B) 6.25 pg/ml ibuprofen_ Detector sensitivity was changed in the recording of 
the tracings for qua?itative purposes. 

Standard curve and method sensitivity 
Three standard curves were prepared using 1.0 ml of canine serum, and 0.5 

and 1.0 ml of human serum. Correlation anaIysis was performed on each set of 
data obtain& from the standard curves and the following tests were conduct- 
ed: (1) a t-test; the null hypothesis (Ho ) being that the slope of the regression 
line equals zero; (2) a correlation coefficient (r), Ho being that x (IBU serum 
concentration in pg/mI) and y (the ratio of the peak heights calculated by 
dividing the IBU peak height by that of the internal standard) are independent; 
and (3) an analysis of v_ariance, Ho being that the regression of y on x is not 
Iinear_ The p v&es for the f, r and analysis of variance were Iess than 0.005 in 
a& &es, substantiating linearity of each standard curve to an IBU concentra- 
tion of 100 pg/ml. Table I summarizes the results obtained from the linear re- 
gression anaIysis for each of the standard curves. The detection Iimit of 0.5 lug/ 
ml and~Iine@ity through 100 pg/pll render the method suitable for monitoring 
IBU_ concentrations~ @mmonIy found in man -after therapeutic administration 
of the drug [2j _- - 
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TABLE I 

IBLTROFEN STANDARD CURVES IN CANINE AND HUMAN SERUM 

Sample 

1.0 ml human serum 
1-O ml canine serum 
O-5 ml human serum 

R’ Equation r** F**+ 

-- 7 y = 0.089 + 0.061x 0.999 0 2268.95 0 
5 y = 0.093 + 0.068.x 0.9995 4163.67 5 
1 y = 0.120 + 0.07x O-999 § 1955.829 

l R = Number of replicate samples analyzed at each of six concentration points in the con- 
struction of the standard curves. 
l *r = Correlation coefficient. 
***F = Analysis of variance for linearity_ 
5p < 0_005. 

Comparison of standard curves using a paired t-test revealed no statistically 
significant differences in the slopes or intercepts for dog vs. human serum, or 
for 1.0 vs. 0.5 ml of human serum. R earrangement of the equation from the 
linear regression analysis of a standard curve permits calculation of IBU plasma 
concentrations from a corresponding peak height ratio determined from a given 
serum sample 

Van-ability and stability 
Serum samples containing 6.25 and 50.0 pg/ml of IBU, respectively, were 

extracted and prepared for analysis as described_ Variability was assessed by 
analysis of seven extracted serum samples of both concentrations_ The coeffi- 
cients of variation for replication of the extraction were 4_2% and 6-O’% for 
serum samples containing 50-O and 6-25 r.rg/ml of IBU, respectively_ 

Sample stability in the automated sample processor (WISP) was assessed by 
analyzing extracted serum samples (n = 7), corresponding to IBU concentra- 
tions of 6.25 and 50.0 pg/ml, for a 10-h period_ The average variation was 
5-45s (range 47.5-58.2 pg/ml) for the 50.0 pg/ml standard and 6.27% (range 
521-5-92 pg/ml) for the 625 pg/ml IBU standard_ There was no trend indica- 
tive of compound instability while samples resided for 10 h in the WISP. 

Variability-in the automated sampling process was assessed by deterrining 
the reproducibility of absolute peak heights from ten lo-p1 injections of the 
internal standard (which corresponded to a concentration of 100 pg/ml)_ Varia- 
bility of automated sampling was minimal as revealed by a coefficient of varia- 
tion of 3.3% 

The stability of frozen aliquots of human serum containing 50.0 and 6.25 
pg/ml of IBU was examin ed by analysis of eztracted samples (n = 6) of each 
concentration for ten days_ The variations (Z f S.E.) for the samples were 5.46 
+ 124% and 1022 F X35%, respectively. There was no trend indicative of 
compound instability as a result of freezing and thawing for at least ten days_ 

Selectivity 
Table II contains the resolution cbara&i_istics for IBU, structurally and 

nonstructurally related analgesic compounds, and substances which could be 
found concomitantly with IBU in plasma; The only compound evaluated which 
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TABLED 

RESOLUTION CHARACTERISTICS OF IBUPROFEN, OTHER ANALGESIC COM- 
POUNDS, AND PGTENTIAL INTERFERING SUBSTANCES 

Each substance was prepared as a 20% methanol in water solution and injected without prior 
extraction. Detection was evabrated at 272 nm during a lo-min elution period. The separa- 

tion factor, Q, wgs calculated with regard to the internal standard (4n-butylphenylacetic 
acid) according to o = (V, - V,)/( V, - V,), where V, is the void volume, V, is the internal 
standard elution vohrme, and V, is the elution volume of the compound of interest_ Reten- 
tion times (in minutes) were used instead~of volumes for the calculation of Q. The concentra- 
tion of the drug solutions is not intended to represent those found at steady state upon 
therapeutic administration of the respective agents. 

DNiZ Concentration Retention time Q 

hzlN (tin) 

4-n-Butylphenylacetic acid 100 4.09 - 

Ibuprofen 100 4.52 1.22 
Indomethacin 125 4.31 1.11 
Phenylbutazone 125 3.55 0.72 
Toimetin Sodium 250 3.12 0.49 
Fenoprofen Calcium 250 3.68 O-78 
suhmiac 200 3.29 0.58 
Saiicylic acid 250 Not detectable 
Salicyiamide 250 2.49 0.16 
Salicyluric acid 250 2.42 0.13 
Gentisic acid 250 6.02 2.01 
Acetaminophen 25 2.36 0.09 
Phenacetin 250 2-68 O-26 
Codeine sulfate 250 2.75 0.30 
Caffeine 250 2-60 . 0.22 
Peniciliin G 250 Not detectable 
Sodium Phenobarbital 250 2.51 0.17 

demonstrated a potential for interfering with IBU analysis was indomethacin. 
Since these compounds were analyzed in a non-extracted solution of methanol 
and water, analyses of serum samples containing these compounds may yield 
somewhat different values, and each should be evaluated if the IBU method de- 
scribed herein is adapted to routine clinical use. 

1Method selectivity was assessed by HPLC recycling of the IBU peak from an 
extracted serum sample containing 100 pg/ml of IBU. A l-h recycling period 
(equivalent to six cycles) revealed that the peak could not be split into two or 
more components, and this confirmed the presence of the single compound, 
IBU. Comparison of IBU plasma concentrations assayed by a standard GLC 
technique in dogs 1151 revealed that our method was sufficiently specific, from 
both a biochemical and biological perspective_ 

Extractin efficiency 
Known amounts of IBU in methanol (corresponding to representative serum 

concentrations of 6.25 hand 50-O &g/ml), and similar tubes evaporated to 
dryness and. reconstituted with 40 ~1 of the eluent were compared to serum 
samples containing identical concentrations of IBU. Five serum samples of each 
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concentration were extracted, and ahquots of each were analyzed as previous- 
Iy described_ Since IBU and the internal standard behaved in a similar fashion 
quantitatively (as determined by peak height comparison), the ratios of IBU: 
internal standard peak heights were used for comparison of extraction efficien- 
cy_ The extraction efficiencies from 1.0 ml of serum were 82.5% and 100.0% 
for IBU concentrations corresponding to 50.0 pg/mI and 6.25 pg/mI, respec- 
tively_ Evaporation did not account for a significant Ioss of compound as the 
mean recoveries from evaporated samples corresponding to IBU concentrations 
of 50.0 pg/mI and 6.25 pg/mI were 100.8% and 96.7%, respectively. 

Application - setxm levels of IBU in the dog 
To demonstrate the utihty of the anaIyticaI method, a male mongreI dog was 

administered 400 mg (13.8 mg/kg) of sodium IBP as a single intravenous in- 
jection over a 5-min period. A peak serum concentration of 111.47 pg/ml was 
observed 109 min after termination of the injection. ESTRIP [16] analysis of 
the pksma concentration versus time points (Fig. 2) reveakd that a bi-expo- 
nential equation best described IBU disposition in this animal. IBU disposition 
was modeled using an open, two-compartment pharmacokinetic model_ 
Pharmacokinetic parameters calculated from the data analysis are described in 
Table III_ The serum eJimination half-life of IBU determined in the application 
of our method correlates closely to that extrapolated f%om the study of IBU 
plasma levels in dogs utilizing a calorimetric method for analysis [9], as well as 
that from a study of IBU bioavailability in dogs employing a GLC analysis 
method [15] _ 

3 s 9 12 

TIME AFTER MEDICATION lhrl 

Fig. 2_ Plasma concentrations of XBU versus time in the dog foIIowing a 400-mg (13.8 mg/ 
kg) intravenous injection of sodium IBU. Biexponential curve fit is from estimates generated 
by ESTEUP [16] analysis of the data_ 

*Sodium IBU for intravenous use was kindly supplied by the Upjohn Company, Kalamazoo, 
MI, U.S.A. 
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TABLE III 

PHARMACOKINETIC PARAMETERS CALCULATED FROM A 400-mg (13.8 mg/kg) 
INTRAVENOUS DOSE OF SODIUM IBUPROFEN IN A DOG 

Q 
(E ;h-l) 

=Q 
(%z 

Plasma AUC-“* 

(h-‘) (h) clearance C(pg/d) - hl 
(ml/kg/min) 

3-35 0.207 0.182 3.81 0.18 0.502 457.827 

l AUC-= represents the area under the plasma level vs_ time curve from time zero to infini- 
ty as calculated by the trapezoidal rule to time t, plus the AU@-” as calculat&d by the 
concentration at time t/s_ 

DISCUSSION 

The HPLC method described herein greatly simplifies sample handling proce- 
dures and avoids derivatization as required by previous GLC methods [S-11]. 
Despite the recent development of GLC methods which obviate derivatization 
of IBU [12,13], the identification of interfering peaks associated with certain 
GLC support packings 1171 introduces possible errors with this method of anal- 
ysis. The larger plasma volumes (i.e., > 1.0 mlj necessary for previously re- 
ported methods [S-14] could also limit their application to detailed pharmaco- 
kinetic or bioavailability studies in pediatric populations_ 

The method described has demonstrated appropriate sensitivity (range of 
linearity = 0.5-100.0 pg/ml) with as little as 0.5 ml of serum. The simple ex- 
traction procedure, isocratic composition of the solvent system, rapid elution 
characteristics and application to automated analysis systems make it well 
suited for the study of IBU disposition and possible therapeutic monitoring of 
this drug. This is emphasized by findings for extraction efficiency, stability, 
variability, selectivity and a demonstrated lack of potential interfering sub- 
stances- These are advantages to previously published methods for the anal- 
ysis of IBU [8-14,17]_ 

In addition to demonstrating the application of our method to the study of 
IBU disposition in the dog, we have also shown that the method is qualitatively 
and quantitatively identical when applied to human serum, This is in contrast 
to a previously reported HPLC method illustrating only the detectability of 
IBU from canine serum [14]_ 

While hemolysis did not appreciably alter the chromatogram of the extracted 
sample, comparison of the results determined from a standard curve prepared 
in serum from hemolyzed samples were significantly lower than those obtained 
from the analysis of non-hemolyzed samples. We have not at this time deter- 
mined the etiology of this disparity in resultant IBU concentrations from 
hemolyzed samples_ The reliability of IBU determination from hemolyzed 
specimens is questionable and results should not be reported for such samples, 
or used for data analysis_ 

CONCLUSION 

We ’ have developed a specific HPLC method for the determination of IBU 
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from human serum and have demonstrated its utility in a limited study of IBU 
disposition. Suitable application of this method to phannacokinetic and bio- 
availability studies of IBU in both adults and chikken is apparent. We are 
currently evaluating IBU disposition in man using this method and are investi- 
gating its application to microanalytical procedures for the determination of 
free vs. protein-bound IBU in plasma, and for the determination of IBU in 
other biological fluids, 
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