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Abstract

The enantioselective analysis of ibuprofen (IBU), a chiral nonsteroidal anti-inflammatory drug, in human plasma was carried
out by high-performance liquid chromatography (HPLC)—mass spectrometry (LC-MS—MS). The plasma samples were prepared
by liquid—liquid extraction using hexane:ethyl acetate (8:2, v/v). The HPLC chiral resolution of IBU was obtained using a
chiral stationary phase based on a tris-(3,5-dimethylphenylcarbamate) amylose derivative, under reversed phase conditions
(CHIRALPAK AD-RH column), using a mobile phase consisting of methanol:water (8:2, v/v), containing 0.1% of an aqueous
solution of phosphoric acid at pH 2, at a flow rate of 0.6 ml/min. A make-up liquid of 4.5% (w/yNHaqueous solution was
used to assure optimum electrospray ionization in the negative mode. The coefficients of variation and deviation from nominal
values were lower than 15% for both within- and between-day assays. The quantitation limit wag/tll2nd the linear range
was 0.12-90.0g/ml for both enantiomers. The method proved to be suitable for single dose pharmacokinetic studies.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction (+)-(9-enantiomer[1-3]. lbuprofen is extensively
metabolized via the oxidation and glucuronidation
Ibuprofen [&)-(R,9-2-(4-isobutylphenyl)propionic  routes showing selectivity for+)-(S)-ibuprofen. In
acid] (IBU), is a chiral nonsteroidal anti-inflammatory addition, unidirectional inversion of the-j-(R)- to
drug widely used for the treatment of several (+)-(§-enantiomer also occurs in vivi2,4-6] As
rheumatic and musculoskeletal diseases. Althougha consequence, plasma concentrations -6f-(R)-
ibuprofen is used as a racemic mixture, its anti- and ()-(9-ibuprofen differ significantly, resulting in
inflammatory action is mainly associated with the stereoselective pharmacokinetic paramefg}s
To evaluate the stereoselective kinetic disposition
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plasma samples. High-performance liquid chromatog- using this powerful technique. Ikegawa et [&0] re-
raphy (HPLC) and capillary electrophoresis (CE) ported the use of LC—MS for the resolution of ibupro-
have been used for the development of these meth-fen glucorunides (diastereocisomeric isomers) using a
ods. HPLC methods for the enantioselective analysis non chiral reversed phase column. CE-MS chiral anal-
of ibuprofen are based on the chiral derivatization of ysis of ibuprofen has been reported in the literature by
the drug[7-13] and on the use of chiral stationary Tanaka et al[31] and Fanali et al[22], but not with
phases[7,14-19] The chiral analysis of ibuprofen applications to biological samples. In addition, this is
or its metabolites in biological samples by CE has the first report on the use of chiral LC-MS-MS for
been done using maltooligosaccharides/trimethyl the analysis of ibuprofen in plasma samples.
B-cyclodextrin [20,21] vancomycin[22] and sul-
phatedB-cyclodextrin[23] as chiral selectors.

Among the chiral stationary phases used for the
enantioselective analysis of drugs, amylose and cel-
lulose derivatives have shown great resolving power,
both under normal phase and reversed phase condi-
tions[24—26] Based on this, we selected a new amy-
lose based chiral column, CHIRALPAK AD-RH, that
has the advantage of being used under reversed phas
conditions, to develop a sensitive and selective method
for the analysis of ibuprofen in plasma.

The recent technological advances in coupling mass
spectrometry to liquid chromatography (LC-MS and
LC-MS-MS) brought new insight into quantitative
bioanalysis, including enantioselective analysis. The
use of conventional columns such as C8, C18, CN in- )

. . . . concentration of 5Q.g/ml.
volves no serious problem with mobile phase selection

because the atmospheric pressure ionization interfaces r:élecgﬁ;nﬁzlrse Wirrihc:s238¢¥;ﬁa:\ngerriie(§;r2?§n
were developed to be used with this kind of column 9 b '

. . o Germany) or EM Science (Gibbstown, NJ, USA). The
[27,28] However, chiral columns require specific mo- water used to prepare the solutions or mobile phase
bile phases for the resolution of the sample that are prep P

not compatible with the MS system. Protein-based ¥vas purified in a Milli-Q-plus system (Millipore, Bed-
. o . ord, MA, USA).

stationary phases require inorganic buffers (phosphate
buffer) and/or high aqueous mobile phases, which can
lead to significant ion-suppression during MS detec- 2.2. Equipment and methods
tion [29]. To overcome this problem, a post-column
addition of organic solvents could be used. The A Shimadzu (Kyoto, Japan) HPLC system consist-
most used chiral columns, i.e. polysaccharide-baseding of two LC10AD solvent pumps, an SLC 10A sys-
stationary phases, are frequently used with mobile tem controller, a CTO-10AS column oven and a 7125
phases based on hexane, a flammable solvent thatRheodyne injector with a 20l loop was used. Sepa-
requires safety measures when used in conjunction rations were carried out at 2€ on a CHIRALPAK
with electrospray or atmospheric pressure chemical AD-RH column (150 mmx 4.6 mm i.d., Sum parti-
ionization interfaces. The use of a make up liquid cle size, Chiral Technologies, Exton, PA, USA). ACN
such as acetate/isopropanol mixtures before the col- guard column (4 mnx 4 mm i.d., Merck, Darmstadt,
umn effluent enters the MS interface avoids the risk Germany) was used to protect the analytical column.
of explosion and improves analyte ionizatif29]. The mobile phase for the analysis of IBU and the in-

As a result, there are still relatively few methods de- ternal standard consisted of methanol:water (8:2, v/v),
scribed in the literature for the enantioselective anal- containing 0.1% of an aqueous solution of phosphoric
ysis of drugs and metabolites in biological samples acid at pH 2, at a flow rate of 0.6 ml/min.

2. Experimental
2.1. Chemicals and reagents

rac-IBU (99.9%) was kindly supplied by Knoll

Pharmaceuticals (Nottingham, England). Stock stan-
Gard solutions were prepared with methanol (HPLC
grade) in the concentration range of 4.8-3a@0ml

and were stable for at least 3 months when stored at
—20°C. Spiked plasma samples were obtained by the
addition of 2541 of these standard solutions to 0.5 ml
plasma prior to extraction. The internal standard so-
lution, naproxen, was prepared with methanol at the
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Fig. 1. Negative electrospray scan spectrum of ibuprofen (A) and naproxen (C) and product ion scan spectrum of ibuprofen (B) and

naproxen (D).

The MS system was a Quatro LC triple-stage
quadrupole (Micromass, United Kingdom), fitted with
a Z-electrospray interface operating in the negative
ion mode and calibrated with sodium iodide/cesium
iodide in the 50-2000Da range. The source block

and desolvation temperatures were 100 and 250C,

respectively. Nitrogen was used as both drying and

nebulizing gas and argon was used as collision gas.

Cone (15 and 12V for ibuprofen and internal stan-
dard, respectively) and collision cell (12 and 10eV
for ibuprofen and internal standard, respectively) volt-

ibration curves and quantitation were obtained using
a Micromass Masslynx 3.0 software.

2.3. Extraction procedure

Plasma samples (0.5 ml) were spiked withu2®f
the internal standard solution (nhaproxen,psfiml),
acidified with 30Qul 1 mol/l HCI solution and ex-
tracted with 3 ml hexane:ethyl acetate (8:2, v/v). The
tubes were capped and submitted to mechanical shak-
ing at 200rpm for 20 min and then centrifuged at

ages as well as other MS parameters were optimized 1800 x g for 5min. The upper organic phases were

by direct infusion of ibuprofen and internal standard
solutions prepared in the mobile phase:4.5%,0H
solution (5:1) at a flow rate of 20l/min. The HPLC
eluent was split by a Valco valve and a flow rate
of approximately 0.1 ml/min was further mixed with
4.5% (w/v) NH,OH solution (delivered by a syringe
pump at a flow rate of 2(l/min) and introduced into
the stainless steel capillary probe.

Quantitation was performed by MRM (dwell time
of 0.4 s) of the deprotonated molecules ([MHjand
their corresponding product iorFig. 1) using an
internal standard calibration method with peak area
ratios and M weighting. The peak area ratios for cal-

then transferred to conical tubes and evaporated dry
under an air flow at room temperature. The residues
were dissolved in 100l of the mobile phase and 20
were chromatographed.

2.4. Method validation

To determine absolute recovery, plasma samples
spiked with 0.12, 0.60, 9.0 and 4%/ml of each IBU
enantiomer were extracted in triplicate by the proce-
dure proposed. The organic phases were transferred
to clean tubes and after the addition of @5of the
internal standard solution, the solvent was evaporated
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under an air flow. The concentrations of these sampleswhen MS detection is performed is the incompatibil-
were determined on the basis of a calibration curve ob- ity of the mobile phase with the most frequently used
tained with the data for the analyte and internal stan- ion sources, electrospray and atmospheric pressure

dard not submitted to extraction. chemical ionization, due to the use of non volatile

The linearity of the analytical method was assessed buffers and high aqueous mobile phases. On the
in the plasma concentration range of 0.12u80ml other hand, polysaccharide-based stationary phases,
for each ibuprofen enantiomer. also used for the resolution of ibuprofén], are fre-

Sensitivity was evaluated by determining the quan- quently employed with mobile phases consisting of
titation limit. Plasma samples: (= 5) were spiked hexane—alcohol that also require a post-column ad-
with ibuprofen at the concentrations of 048/ml, dition of additives (i.e. acetate buffer/isopropanol) to
and analyzed under the conditions previously estab- avoid the risk of explosion inside the ion source and
lished. Criteria for the quantitation limit was estab- to improve analyte ionization.
lished as the lowest concentration of the calibration Based on this, we selected a new amylose
curve, provided the deviation from nominal value were tris-(3,5-dimethylphenylcarbamate) derived stationary
lower than 20%. phase that could be used under reversed phase condi-

The precision and accuracy of the method were eval- tions but with relatively mild conditions. Furthermore,
uated by within-dayA{ = 10) and between-day: (= the CHIRALPAK AD-RH column used in the present
5) assays using plasma samples spiked with ibupro- study has not been described for the chiral resolu-
fen at the concentrations of 0.4, 4.0 and 40g0ml tion of ibuprofen. The use of neutral mobile phases
of each enantiomer and the results obtained were ex-(methanol:water or acetonitrile:water) or mobile
pressed as relative standard deviations (coefficient of phases acidified with formic or acetic acid resulted in

variation, CV) and relative error. non symmetric peaks or unacceptable resolution. The
chiral resolution of ibuprofen (Rs: 1.25,« = 1.20)
2.5. Preliminary human experiment was only possible when a trace amount of phosphoric

acid was used in the mobile phase (0.1% of an aque-

In order to evaluate the applicability of the method, ous solution of phosphoric acid at pH 2). This mobile
several plasma samples collected from a healthy vol- phase is compatible with the chiral column but it could
unteer after administration of a single dose of 600 mg be dangerous for the MS system; to avoid this effect
of (RS-ibuprofen (AdviP, Wyeth-Whitehall Ltd.) the concentration of the phosphoric acid solution was
were analyzed under the conditions established in maintained as low as possible, although this resulted
the present study. Venous blood was drawn into hep- in a detrimental effect on column efficiency and chiral
arinized tubes immediately before and 0.5, 1, 1.5, resolution. Although the use of this slightly acidic so-
2,5, 7,9 and 12h after drug administration. After lution as the mobile phase allowed the detection of the
centrifugation for 10 min at 180& g, plasma sam-  drugs, the calibration curves observed were not linear
ples were transferred to clean tubes and stored atin the range established (0.1249@/ml) as a result
—20°C until analysis. The volunteer gave written of non reproducible analyte ionization. Attempts for
informed consent to participate in the study, which optimization of cone, collision cell, and multiplier
was approved by the Ethics Committee of Escola de voltage, etc. did not resulted in linear calibration
Enfermagem de Ribeirdo Preto, USP (0081/2000). curves. This problem was solved when the column
effluent was mixed with a 4.5% N{DH solution
before entering the electrospray ion source. Although
only a sixth part of the column effluent was intro-
3.1. Optimization of the LC-MS-MS method duced into the ion source and the additional dilution

by post-column addition of the NM@H solution, the

The chiral resolution of ibuprofen in biological method was sensitive enough to obtain detection lim-
samples has been carried out using several chi-its of 1 ng/ml (S/N ratio= 3). Fig. 2 shows the total
ral columns, particularly those based on proteins ion and selected reaction monitoring chromatograms
[14-16,19] The major problem in using these columns for ibuprofen and internal standard (haproxen) under

3. Results and discussion
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Fig. 2. Total ion (A) and multi reaction monitoring chromatograms for ibuprofen (B) and naproxen (C). Conditions: CHIRALPAK AD-RH
column; mobile phase consisting of methanol:water (8:2, v/v), containing 0.1% of an aqueous solution of phosphoric acid at pH 2; flow
rate of 0.6 ml/min; make-up liquid: 4.5% NJ®H aqueous solution. Elution order-)-(R)-ibuprofen followed by 4)-(9-ibuprofen.

the optimized conditions. The elution order was es- quantitation limit. Coefficients of variation and rela-
tablished on the CHIRALPAK AD-RH column using tive errors of less than 15% were considered accept-
individual enantiomers previously isolated and char- able, except for the quantitation limit, for which these
acterized by semi-preparative chromatography on a values were established at 20%, as recommended in

CHIRALCEL 0J column[23]. the literaturegf32,33].
Sample preparation was performed by liquid—liquid
3.2. Validation of the methods extraction using hexane:ethyl acetate (8:2, v/v) as ex-

tracting solvent after acidification of plasma samples.
The developed method was validated by evaluating Table 1shows mean recoveries of 73.9 and 73.1% for
recovery, linearity, selectivity, precision, accuracy and (—)-(R)- and ()-(S)-ibuprofen, respectively. The co-

Table 1

Mean relative recovery percentages of ibuprofen enantiomers from plasma

Concentration (—)-(R)-lbuprofen &)-(9)-Ibuprofen

spiked fug/ml
P Gg/mi) Recovery (%) CV (%) Recovery (%) CV (%)
0.12 79.3 9.7 73.7 13.2
0.60 69.9 10.9 69.3 4.3
9.0 69.4 11.2 59.8 11.9

45.0 84.1 9.1 81.6 35

Mean 73.9 73.1

n = 3 for each concentration; CV: coefficient of variation.
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Fig. 3. Representative LC-MS-MS chromatograms from blank human plasma (A), extracted human plasma spikedg#ithithdprofen
enantiomers (B) and extracted human plasma samples collected 1.5h (C) and 2h (D) after dosing withr&{boggrofen from a
healthy volunteer. Conditions were as specifiedrig. 2

efficients of variation lower than 15% confirm the re- plasma sample using UV detection (220 nm) showed

peatability of the extraction procedures. peaks eluting at the same retention times observed for
The high selectivity of the MS—MS detection system ibuprofen enantiomers that were not detected by the

can be seen in the analysis of a blank human plasmaMS.

sample, illustrated ifrig. 3A, showing no endogenous The linearity of the method was evaluated in the

interferents. The simultaneous analysis of a drug free range of 0.12-90.Qg/ml. The data were subjected

Table 2
Precision and accuracy of the method for the enantioselective analysis of ibuprofen

Nominal concentrationp(g/ml)

(—)-(R)-Ibuprofen &)-(S-Ibuprofen
0.4 4.0 40.0 0.4 4.0 40.0
Within-day
Measured concentration (ng/ml) 0.40 3.87 43.81 0.43 3.76 39.50
Precision (CV, %) 9.7 4.3 3.0 6.6 8.5 3.3
Accuracy (%) 0.0 -3.2 9.5 7.5 —-6.0 -1.2
Between-day
Measured concentration (ng/ml) 0.36 3.80 41.65 0.39 3.70 41.35
Precision (CV, %) 9.9 9.2 6.7 11.1 8.9 6.9
Accuracy (%) —10.0 —-47 4.1 -25 -75 34

Number of determinations: 10 for within-day assay and 5 for between-day assay; CV: coefficient of variation.
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Fig. 4. Plasma concentration—time profiles of ibuprofen enantiomers after administration of 6@6-ibgprofen to a healthy volunteer.
Solid circles: ¢)-(9-ibuprofen; open circles:~)-(R)-ibuprofen.

to linear regression analysis and the -calibration tions for (+)-(S)-enantiomer, in agreement with data
graphs showed good linearity, with typical correla- reported in the literaturgs].
tion coefficients higher than 0.998 for both ibuprofen
enantiomers. Typical equations for the calibration
curves for the £)-(R)- and @)-(9-ibuprofen were 4. Conclusion
y = 0.4636(-0.0274x + 0.0182(0.0076) andy =
0.5599(-0.0410% + 0.0116¢-0.0088), respectively. This paper reports for the first time the enantioselec-
In addition, a 15% deviation from nominal values was tive analysis of ibuprofen in plasma by LC-MS-MS.
considered acceptable for all concentrations except The enantioselective method described here is simple,
for the concentration of 0.32g9/ml, established as the  rapid, and reproducible. The quantification limit ob-
quantitation limit. tained using 0.5 ml plasma is similar to those reported

The precision and accuracy were assessed in bothin the literature and is small enough for the method to
within-day (10 spiked plasma samples for each con- be used in single dose pharmacokinetic studies. The
centration on the same day) and between-day (two major advantage of this method when compared to the
spiked plasma samples for each concentration on five previously published methods is the high selectivity
consecutive days) assayBable 2 demonstrates the due to the use of the MS detection system. This kind of
results achieved with three concentrations in the eval- detection avoid almost any kind of interference from
uation of the precision and accuracy of the method; endogenous compounds and other co-administered
neither CVs nor systematic errors exceeded a value of drug, resulting in easy method development.
15%, in agreement with literature recommendations
[32,33]
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