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ABSTRACT

A method for the enantiospecific quantitation of two commonly prescribed non-steroidal anti-inflammatory drugs (ketoprofen and
ibuprofen) is described. The method involves formation of a mixed anhydride of the drug with ethylchloroformate and subsequent
conversion to an amide by reaction with optically active amphetamine. The subsequently formed diastereomers are separated by gas
chromatography-mass spectrometry using selected-ion monitoring. The assay is capable of quantifying ketoprofen (2 ng/ml) and
ibuprofen (3 ng/ml) enantiomers from a 200-ul sample of synovial fluid or plasma and is particularly suitable for protein binding

studies.

INTRODUCTION

Interest in the pharmacokinetics of racemic
non-steroidal anti-inflammatory drugs
(NSAIDs) [1], such as ketoprofen and ibuprofen,
and their relevance to clinical practice [2] has
grown markedly over the last decade. From a
pharmacological viewpoint, the prostaglandin
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synthetase inhibiting effect of these NSAIDs is
attributable to the S(+)-enantiomers [3]. These
compounds may undergo variable metabolic in-
version from the R(— )-enantiomer to the corre-
sponding S(+)-enantiomer by an unproven
mechanism [1]. It has been claimed that the phar-
macokinetic behaviour of the two enantiomers in
humans may be different [1], so the stereoselec-
tive investigation of the pharmacokinetic param-
eters of these agents would appear to be of scien-
tific and medical relevance. Furthermore, atten-
tion has begun to focus on the free or unbound
NSAID, as this is the species which diffuses
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across membranes and binds to specific recep-
tors. As large inter-individual differences in this
free fraction have been reported [4] one might
expect the clinical effects of such drugs to be
more closely related to their unbound rather than
total concentrations.

Investigation of these drugs at or near the pre-
sumed site of action (the joint) are often ham-
pered by the volume of synovial fluid able to be
collected from patients. As these NSAIDs are so
extensively bound to plasma and synowvial fluid
proteins (=99%), the need to measure unbound
enantiomer drug levels of the order of 5 ng/ml
using 500 ul or less of synovial fluid is not uncom-
mon.

Whilst there have been numerous methods de-
veloped for the quantification of ketoprofen and
ibuprofen in biological fluids [5-11], there have
been relatively few attemipts at resolving their re-
spective  enantiomers (Table 1). These
enantiomeric assays often involved lengthy and
complex derivatization procedures associated
with lengthy incubation periods. This paper re-
ports a rapid derivatization with dexampheta-
mine using ethylchloroformate as the coupling
reagent, followed by gas chromatography-mass

TABLE 1
PREVIOUS ENANTIOMERIC ASSAYS

Anthor Method MQC*  Sample
{ng/ml) volumes® (ul)

Ketoprofen

Sallustio ef al. [19] HPLC 200 200

Foster and Jamali [16] HPLC 30 500

Bjdrkman [15] HPLC 230 500

1buprafen

Geisslinger and Dietzel [20] HPLC 100 500

Singh et al. [17] GC 75 1000

Avgerinos and HuttV[21] HPLC 500 500

Lee et al. [14] HPLC 500 1000
Van Giessen and Kaiser [22] GC 500 1000

# MQC = minimum quantifiable concentration.
® Sample volume = volume plasma/synovial fluid required for
assay.
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spectrometry (GC-MS) using selected-ion mon-
itoring (SIM) to give the sensitivity required for
ketoprofen and ibuprofen enantiomeric protein
binding studies in the clinical environment.

EXPERIMENTAL

Reagents and chemicals

Samples of S(+)-, R(—)- and R,S-ibuprofen
were the generous gift of Boots (Nottingham,
UK). Ethylchloroformate (May and Baker, Da-
genham, UK) was LR grade. All solvents were
high-performance  liquid  chromatography
(HPLC) grade (Waters Assoc., Sydney, Austra-
lia) except n-hexane, dichloromethane and tolu-
ene (all nanograde, Mallinckrodt, KY, USA),
2H,0 (Aldrich, Milwaukee, WI, USA) and dieth-
yl ether (LR grade, May and Baker). Stock solu-
tions of R.S-ketoprofen (Sigma, St. Louis, MO,
USA) and R,S-ibuprofen, 1 pg/ml in methanol,
were each prepared monthly and stored at 4°C.

Dexamphetamine solution was prepared
monthly by basification of 10 m! of dexampheta-
mine sulphate (Sigma) aqueous solution {equiv-
alent to 750 pg free base per ml) to pH 11 by the
addition of 100 ul of 2 M sodium hydroxide and
subsequent extraction with 20 ml of diethyl ether,
The organic phase was evaporated to dryness un-
der a gentle stream of nitrogen gas and the resid-
ue reconstituted in 10 ml of methanol and stored
at room temperature. Optical purity of dexam-
phetamine sulphate (=99.3%) was reconfirmed
at six monthly intervals by derivatization with
pure (100.0%) optically active S{+)-naproxen
{Sigma).

The extraction solvent mixture n-hexane—
diethyl ether-isopropyl alcohol (80:20:0.1, v/v)
was freshly prepared at weekly intervals.

Internal standards

Naproxen, o- and p-toluic acids (Sigma) were
used during developmental stages of this assay.
Stable isotope dilution methods were used there-
after. Deuterated R,S-ibuprofen was prepared by
the method of Dawson er al. [12]. Deuterated
R,S-ketoprofen was prepared from its non-deut-
erated counterpart via an electrophilic substitu-
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tion reaction with deuterated sulphuric acid, us-
ing a modified method of a previous deuteration
to benzene by Ingold et al. [13). This involved
careful ditution of 2.7 ml of 2H,S0, (Novachem,
Melbourne, Australia) with 900 ul of *H,Q and
subsequent transfer of the diluted acid to a 5-ml
glass ampoule (ACI, Sydney, Australia) contain-
ing 5 mg of R,S-ketoprofen. The ampoule was
sealed under nitrogen, then heated at 115°C for
12 h, After cooling, the ampoule was opened, the
contents transferred to a tapered glass tube (us-
ing 5 ml of extraction solvent), then washed with
10 ml of purified water. The organic phase was
transferred to another tapered glass tube and
evaporated to dryness. The residue was weighed,
reconstituted in methanol (to a final concentra-
tion of 500 ng/ml), then stored at 4°C.

Aliquots of the deuterated matertals (equiva-
lent to 1 ug solid) were derivatized and analysed
using the procedure described below. The deute-
rium content of the ketoprofen sample was dy
(<0.1%), d; (0.4%), d» (3.0%), d; (9.7%), d4
(21.5%), d5 (25.4%), de (21.8%), d7 (12.1%), ds
(4.7%) and ds (1.4%). For the ibuprofen sample,
the deuterium content was do (0.2%), d; (0.7%),
dz (4.0%), ds (17.3%), dq (62.2%), ds (12.4%)
and dg (3.2%). For both samples, the mass spec-
tra indicated that the non-selective deuterium la-
belling was predominantly on the aromatic rings.
The yields of ketoprofen and ibuprofen deuterat-
ed materials were 17 and 30%, respectively.

Instrumentation

The GC-MS system comprised a Hewlett-
Packard 5890 gas chromatograph coupled to an
HP5970B mass-selective detector and an
HP59970A data system (Hewlett-Packard, MD,
USA). A 25 m x 0.32 mm 1.D. fused-silica col-
umn with a cross-linked methyl silicone-bonded
stationary phase of film thickness 0.17 ym (HP-1,
Hewlett-Packard) was used with helium carrier
gas at a linear velocity of 55 cm/s at 50°C. For
ketoprofen samples, the oven temperature was
programmed from 60 to 230°C at 30°C/min and
from 230 to 290°C at 10°C/min. For ibuprofen
samples, the oven temperature was programmed
from 60 to 200°C at 30°C/min, from 200 to 240°C
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at 8°C/min and from 240 to 290°C at 30°C/min.
The split-splitless injector was operated in the
splitless mode and fitted with a silanized wide-
bore (4 mm) borosilicate liner that contained a
small plug of glass wool in the centre. The in-
jector temperature was 250°C and the transfer
line temperature was 290°C. For both drugs, the
instrument was tuned to m/z 219 for optimum
sensitivity. Injection (1 wul) was by means of a
Hewlett-Packard 7673A autosampler. The col-
umn was protected by a 20-cm length of a similar
type of column (Econo-Cap SE-30: Alltech As-
soc., IL, USA) which was fitted as a disposable
pre-column.

Structures of the diastercomeric amides and
deuterated internal standards were confirmed by
electron-impact MS. Full-scan reference spectra
of the amphetamine derivatives of both NSAID
enantiomers were used to select appropriate ions
for SIM during analytical runs.

Bivlogical samples

A 200-yl aliquot of synovial fluid or plasma
was transferred to a disposable glass centrifuge
tube (Kimble, IL, USA), 100 ul of internal stan-
dard, 50 ul of 5 M HCI and 3 ml of extraction
solvent were then added and the tube vortex-
mixed for 1 min. The tube was then centrifuged
(Jouan CTI1000-Jouan SA-BP, St. Nazaire,
France) for 5 min at 2500 g and 10°C, the super-
natant evaporated to dryness under a gentle
stream of nitrogen gas and the residue reconsti-
tuted with 100 pl of 50 mM triethylamine in ace-
tonitrile. To this mixture (at 30-s intervals) were
added 50 ul of 60 mM ethylchloroformate in ace-
tonitrile and 50 pl of dexamphetamine solution.
After 1 min, 0.5 ml of chilled water was added,
followed by 3 ml of dichloromethane. The mix-
ture was vortex-mixed for 30 s and centrifuged
for 5 min at 2000 g. The organic layer was trans-
ferred to a tapered glass tube and evaporated to
dryness with nitrogen. The residue was reconsti-
tuted in 20 ! of toluene, transferred to a small,
tapered conical glass insert (Microsun Insert, Sun
Brokers, Wilmington, USA) and placed within a
1.5-ml crimp-top glass autosampler vial (Sun
Brokers). A 1-ul aliquot of this sample was in-
Jected into the GC-MS system.
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The derivatization reaction time and reagent
quantities were optimised using samples contain-
ing 40 ng of S-ibuprofen and 1 ug of p-toluic acid
(prepared from their respective stock solutions).
These were derivatized using varied reaction
times (0.25-10 min) and varied volumes of dex-
amphetamine solution (20-300 ul).

Calibration curves

Seeded samples of ketoprofen (2 ng/ml to 50
pg/ml) and ibuprofen (3 ng/ml to 50ug/ml) were
prepared by spiking “blank” synovial fluid and
plasma with predetermined amounts of racemic
stock solutions, followed by extraction and deriv-
atization as above.

Quantitation was based on peak-area ratio
[m/z 232 (ibuprofen) to m/z 236 (d4-S-ibuprofen)]
or peak-height ratio [m/z 209 (ketoprofen) to m/z
214 (ds-S-ketoprofen)]. An unweighted least-
squares regression was fitted to each individual
calibration curve.

Recovery

The recovery of derivatized material per sam-
ple was assessed by comparison of the peak
height (ketoprofen) and peak area (ibuprofen):
deuterated internal standard ratios of five ex-
tracted samples of each drug (1 ug/ml) with those
of five similarly prepared, non-extracted drug
samples.

Clinical studies

These studies were conducted in human volun-
teers with effusions into the knee. The study was
approved by the University Ethics Committee,
and each subject gave informed, signed, wit-
nessed consent.

A single 400-mg dose of R,S-ibuprofen (Bru-
fen, Boots, Sydney, Australia) or 100 mg of R,S-
ketoprofen (Orudis, May and Baker, Melbourne,
Australia) was given to fasting patients with a
glass of water, Blood samples (5 ml) were collect-
ed via a venous catheter inserted in a forearm
vein, whilst I ml of synovial fluid samples were
collecied by aspiration of the knee joint at regular

intervals over 24 h. Plasma was immediately sep--

arated by centrifugation in heparinised tubes. All

D. 8. Jack et al. | J. Chromatogr. 584 (1992) 189~197

samples were acidified and internally standar-
dised within 8 h of collection, then derivatized
and stored at 4°C until analysis.

Free (non-protein bound) drug samples

These were obtained by ultrafiltration of 500 ul
of synovial fluid or 1 ml of plasma using the Am-
icon MPS-1 ultrafiltration system (Amicon, MA,
USA). A 200-ul aliquot of ultrafiltrate from the
device was acidified, internally standardised, de-
rivatized and stored at 4°C until assayed. Sam-
ples were prepared in duplicate.

RESULTS AND DISCUSSION

Identification of enantiomers

Typical SIM chromatograms for both drugs
are shown in Fig. 1. We initiaily used peak-area
ratios for quantitation of both drugs, but later
discovered slight tailing of ketoprofen peaks
could vary unprediciably - — apparently in sym-
pathy with the number of samples per analytical
run or with the state of cleanliness of the injection
liner and pre-column. We therefore used peak-
height ratios for ketoprofen quantitation.

Two peaks were resolved at 8.86 min (S) and
8.96 min (R) for ibuprofen diastercomers and at
11.78 min (S) and 11.90 min (R) for ketoprofen
diastereomers. For ibuprofen, SIM of m/z 232
gave the cleanest trace, with freedom from in-
terfering peaks, whilst s/z 209 was best for ke-
toprofen. In addition, m/z 280 (ketoprofen) and
m/z 161 (ibuprofen) were also monitored, partic-
ularly to check for potential interfering peaks in
weak samples (containing less than 50 ng/ml of
either enantiomer).

Extraction solvent

A number of extraction solvents were consid-
ered. A study by Lee e7 al. [14] compared numer-
ous extraction solvents from previous NSAID as-
says. They settled upon (.1% isopropyl alcchol
in n-hexane as the most suitable for their studies
with ibuprofen. Using plasma and synovial fluids
spiked with 100 ng/ml racemic ketoprofen or ibu-
profen we found our optimum yield {=90%)
with minimal interfering peaks was obtained with
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Fig. 1. {A) SIM chromatograms from a synovial fluid ultrafiltrate of an arthritic patient 12 h after a singie oral dose of 100 mg of
R,S-ketoprofen. Drug levels were: 13 ng/ml S-ketoprofen (peak 1) and 9 ng/mi R-ketoprofen {peak 2). The internal standard $-d;-
ketoprofen (peak 3) and R-d-ketoprofen (peak 4) are also shown. (B) SIM chromatograms from a plasma ultrafiltrate of an arthritic
patient (on chronic ibuprofen drug therapy), 6 h after an oral dose of 400 mg of R.S-ibuprofen. Drug levels were: 54 ng/ml S-ibuprofen
(peak 5) and 13 ng/ml R-ibuprofen (peak 6). The internal standard S-d -ibuprofen (peak 7) and R-d,-ibuprofen (peak 8) are siutilarly

shown.
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the solvent mixture n-hexane-diethyl ether—iso-
propyl alcohol (80:20:0.1, v/v).

Optimisation of derivatization

Ethylchloroformate is a commonly used re-
agent for amide formation in peptide synthesis
and when used in conjunction with /-leucinamide
(for subsequent HPLC analysis) the coupling re-
action has been reported to be complete in less
than 3 min [15,16]. Consistent with these find-
ings, we noted negligible variation in peak-area
ratio after 60 s reaction time with the dexamphet-
amine derivatizing reagent.

Whilst a large excess of dexamphetamine theo-
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retically remains after biological sample derivati-
zation, a volume of 50 ul (equivalent to 100 ug
free base) was settled upon {based on negligible
yield variation with increasing volume of reagent
used). This was twice the amount used by Singh
et.al. [17] in which dexamphetamine was coupled
in a relatively slow (2 h) reaction using 1,1'-car-
bonyldiimidazole.

Internal standards

Whilst 0- and p-toluic acids were satisfactory
internal standards during the inital developmen-
tal stages of this assay, they proved less than ideal
in biological samples, as clean chromatographic
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Fig. 2. Plasma and synovial fluid concentration—~time profiles of total § (@), total £ (M), frec S {) and free R (LI) enantiomers in
plasma (top windows) and synevial fluid (lower windows) of two arthritic patients following a single oral dose of 100 mg of R.5-
ketoprofen (A) or 400 mg of R.5-ibuprofen (B).
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traces could not be consistently obtained. In ad-
dition, we noted variations in the extraction effi-
ciency of ibuprofen as compared to o- and p-to-
luic acids. To avoid these problems naproxen
{(being a larger molecule and more akin to ibu-
profen than o- and p-toluic acids) was considered
a potentially more suitable alternative internal
standard for the ibuprofen assay. This was not to
be the case for ketoprofen as repeated injections
of the same drug sample over a three-day period
led to variability in the 209 (ketoprofen) to 185
(naproxen) mjz ratio of >40%. When methyl
stearate was incorporated as an independent in-
ternal standard, the consistency of the m/z 209/
280 and 185/213 ratios (for S-ketoprofen and
methyl stearate, respectively) removed any blame
from the MS system. More likely, the problem
lay with either the chromatography (increased ir-
reversible adsorption of naproxen relative to ke-
toprofen) or possibly decomposition of the na-
proxen derivative itself. Either way, these vari-
able on-column losses were unacceptable and
best dealt with by use of deuterated internal stan-
dards. Reproducibility and stability problems
seen with ketoprofen (and to a much lesser extent
with ibuprofen) were then effectively dealt with.

Quantitation
The calibration curves for ibuprofen were line-

TABLE 1T

PRECISION OF THE KETQCPROFEN/IBUPROFEN ASSAYS
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ar over the entire concentration range studied (3
ng/ml to 50 pg/ml; r>0.99). The detection limits
for the ibuprofen enantiomers were less than 1|
ng/ml whilst the minimum quantifiable concen-
tration from a 200-ul sample of synovial fluid was
3 ng/ml.

The calibration curves for ketoprofen
enantiomers (2 ng/ml to 50 pg/ml) were also line-
ar (r=0.99). The detection limit were less than 1
ng/ml whilst the minimum quantifiable concen-
tration from a 200-ul sample of synovial fluid was
2 ng/ml.

This enhanced sensitivity over previous assays
{Table I) allowed quantification of very low levels
(<25 ng/ml} of unbound enantiomers of these
drugs (Fig. 2) in synovial fluid and plasma.

Precision

The precision of the assays for ketoprofen and
ibuprofen enantiomers at high and low concen-
trations were within acceptable limits for our in-
tended clinical studies (Table II). In conjunction
with the ultrafiltration procedure, the coefficient
of variation for determination of ibuprofen
enantiomers (<3.8% S- and R-ibuprofen) over
the entire concentration range studied compared
favourably with the 10% variation of ibuprofen
enantiomers obtained in the GC-MS assay pro-
cedure of Singh et al. [17].

Drug n Theoretical Experimental cve
concentration concentration (%)
(ng/ml) (mean + S.D.) (ng/ml)
S( + )-ketoprofen 9 375 36 (2.5) 6.9
5000 4596 (265.8) 58
R{~ )ketoprofen 9 37.5 32(2.3) 7.2
5000 4598 (279.3) 6.1
S(+ )-ibuprofen 10 25 32(1.2) 3.8
750 772 (9.8) 1.3
R(— )-ibuprofen 10 25 26 (1.0) 38
750 716 (9.8) 1.4

2 C.V. = coefficient of variation.
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TABLE 111
SAMPLE STABILITY OVER 48 h

Derivative Experimental concentration (ng/ml)
ih 48 h
S(+)-Ketoprofen 94 93
527 545
R(—)-Ketoprofen 935 93
535 551
S{+)-Tbuprofen 452 40.5
95.2 95.2
247.6 216.7
R(—)-Ibuprofen 46.9 42.9
939 95.9
2347 2102

Similarly, for ketoprofen enantiomers, we ob-
tained coefficients of variation of £6.9% and
<7.2% for S- and R-ketoprofen, respectively.

Sample stability

Whilst all samples in this current work were
generally analysed within 24 h of derivatization,
the data clearly demonstrated that the influence
of short-term sample storage on assay reproduc-
ibility was negligible (Table I1T). This is consis-
tent with work by Testa [18] who demonstrated a
general degree of increased stability of diastereo-
meric amide derivatives over that of esters for
bioanalytical work.

CONCLUSIONS

The GC-MS assay procedure allowed guanti-
tation of ketoprofen and ibuprofen enantiomers
with a high degree of specificity at very low levels
in synovial fluid and plasma. Fig. 2 illustrates
typical plasma and synovial fluid concentration
versus time curves for the enantiomers of keto-
profen and ibuprofen in two patients over a 24-h
period. These results were achieved with the use
of an open split interface in which up to 50% of
the column effluent was not transferred to the
detector; the use of a direct interface should en-
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able improvements in signal strengths and hence
even lower detection limits. We found our proce-
dure was sufficiently sensitive for quantitation of
samples typically encountered in protein binding
studies. Perhaps equally important, the method
allowed practical analysis of large numbers of pa-
tient samples (common to pharmacokinetic stud-
ies), owing to the relative speed of sample prep-
aration and the ability to semi-automate the ana-
lytical work on a suitably equipped instrument.

ACKNOWLEDGEMENTS

We wish to express our gratitude to Dr. lan
Robinson, Medial Director, Boots (Australia)
for clinical trial material and also to Boots (UK)
for the supply of ibuprofen enantiomers. This re-
search was funded by an Australian National
Health and Medical Rescarch Council grant.

REFERENCES

I A.J. Hutt and J. Caldwell, J. Pharm. Pharmacol., 35 (1983)

693,

W.F. Kean, C.J. L. Lock and H. E. Howard-Lock, Lancet,

338 (1991) 1565.

3 S. S. Adams, P. Bresioff and C. G. Masen, J. Pharm. Phar-
macol., 28 (1976) 256.

4 J.H. Lin, D. M. Cocchetto and D. E. Duggan, Clin. Pharma-
cokin., 12 (1987) 402,

5 5. Wanwimolruk, 8. Z. Wanwimolrvk and A. R. Zoest, J.
Lig. Chromatogr., 14 (1991) 3685,

6 J. De Graeve, C. Frankinct and J. E. Gielen, Biomed. Muss
Spectrom., 6 (1979) 249,

7 8. G. Owen, M, S. Roberts and W. T. Friesen, J. Chroma-
togr., 416 (1987) 293,

8 R.J. Royer, F. Lapicque, P. Netter, C. Monot, B. Bannwarth
and M. C. Cure, Biomed. Pharmacother., 40 (1986) i00.

9 D.G. Kaiser and G. I. Van Giessen, J. Pharm, Sci., 63 (1974)
219,

10 J. B. Whitlam and J. H. Vine, J. Chromatogr., 181 (1980) 463.

11 R. A. Upton, J. N. Buskin, T. W. Guentert, R. L. Williamsy
and S. J. Ricgelman, J. Chromatogr., 190 (1980) 119,

12 M. Dawson, C. M. McGee, M. D. Smith and J. H. Vine, J.
Labelied Compd. Radiopharm., 27 (1988) 707.

13 C.K.Ingold, C. G. Raisin and C. L. Wilson, J. Chem. Sve., 2
(1936) 9i6.

14 E.J. D. Lee, K. M. Williams, G. G. Graham, R. O. Day and
G. D. Champion. J. Pharm. Sci., 73 (1984) 1542,

15 1. Bjorkman, J. Chromatogr., 414 (1987) 465.

16 R. T. Foster and F. Jamali, J. Chromarogr., 416 (1987) 388

17 N. N. Singh, ¥. M. Pasutto, R. T. Coutts and F. Jamali, J.
Chromatogr., 378 (1986) 125.

[\ ]



D. 8. Jack et ol. | J. Chromatogr. 584 (1992) 189-197 197

18 B. Testa, Xenobiotica, 16 (1986) 265, 21 A. Avgerinos and A. J. Hutt, J. Chromatogr., 415 (1987) 75.
19 B. C. Sallustio, A. Abas, P. J. Hayball, Y. J. Purdie and P. J. 22 G. ). Van Giessen and D. G. Kaiser, J. Pharm. Sci., 64 (1975)
Meffin, J. Chromatogr., 374 (1986) 329.

798.
20 G. Geisslinger and K. Dictzel, J. Chromatogr., 491 (1989)
139.



