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bstract

A stereoselective reversed-phase high-performance liquid chromatography (HPLC) assay to determine the enantiomers of flurbiprofen,
etoprofen and etodolac in human plasma was developed. Chiral drug enantiomers were extracted from human plasma with liquid–liquid extrac-
ion. Then flurbiprofen and ketoprofen enantiomers reacted with the acylation reagent thionyl chloride and pre-column chiral derivatization
eagent (S)-(−)-�-(1-naphthyl)ethylamine (S-NEA), and etodolac enantiomers reacted with S-NEA using 1-(3-dimethylaminopropyl)-3-ethyl-
arbodiimide (EDC) and 1-hydroxybenzotriazole (HOBT) as coupling agents. The derivatized products were separated on an Agilent Zorbax C18

4.6 mm × 250 mm, 5 �m) column with a mixture of acetonitrile–0.01 mol·L−1 phosphate buffer (pH 4.5) (70:30, v/v) for flurbiprofen enantiomers,
cetonitrile–0.01 mol·L−1 phosphate buffer (pH 4.5) (60:40, v/v) for ketoprofen enantiomers and methonal–0.01 mol·L−1 potassium dihydrogen
hosphate buffer (pH 4.5) (88:12, v/v) for etodolac enantiomers as mobile phase. The flow of mobile phase was set at 0.8 mL·min−1 and the
etection wavelength of UV detector was set at 250 nm for flurbiprofen and ketoprofen enantiomers and 278 nm for etodolac enantiomers. The
ssay was linear from 0.5 to 50 �g·mL−1 for each enantiomer. The inter- and intra-day precision (R.S.D.) was less than 10% and the average

xtraction recovery was more than 87% for each enantiomer. The limit of quantification for the method was 0.5 �g·mL−1 (R.S.D. < 10%, n = 5).
he method developed was used to study the drug–protein binding of flurbiprofen, ketoprofen and etodolac enantiomers in human plasma. The

esults showed that the stereoselective binding of etodolac enantiomer was observed and flurbiprofen and ketoprofen enantiomers were not.
2008 Elsevier B.V. All rights reserved.
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. Introduction

Most non-steroidal anti-inflammatory drugs (NSAIDs), such
s flurbiprofen [(±)-2-(2-fluorobiphenyl-4-yl)propionic acid],
re potent used clinically as the racemate [1]. NSAIDs are
on-selective inhibitor of prostaglandin biosynthesis in humans
nd indicated for the acute or long-term treatment of the
igns and symptoms of rheumatoid arthritis and osteoarthri-
is. It was established that two enantiomers of NSAID exert

ifferent pharmacodynamic effects [1]. The binding of drugs
o plasma proteins is an important factor, which determines
he pharmacokinetics and pharmacological effects of drugs.
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clear understanding of the plasma protein binding behav-
or of the enantiomers is therefore fundamental to their safe
nd rational use. Hence, it is necessary to stereoselectively
etect and quantify each enantiomer in biological media [2].
ver the last two decades, several analytical methods have
een reported for the enantioselective determination of NSAID
nantiomers. Most of these methods involved direct separation
sing chiral high-performance liquid chromatographic (HPLC)
olumns and pre-column derivatization with optical pure chi-
al reagents. The direct separation of enantiomers has been
ccomplished on various types of columns, such as �1-acid
lycoprotein [3,4], vancomycin [5] and cellulose [6]. However,

hiral HPLC columns are expensive and used for limited chi-
al drugs. The chiral derivatizing agents used in the separation
f flurbiprofen enantiomers included l-leucinamide [7], S-(�)-
ethylbenzyamine [8], (S)-(−)-1-phenylethylamine [9], etc.,
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ig. 1. HPLC chromatograms of flurbiprofen enantiomers. (A) Blank plasma
-flurbiprofen; (2) R-flurbiprofen; (3) R-ketoprofen (I.S.); (4) S-ketoprofen.

ut the most procedures were time-consuming for pre-column
erivatization and sample preparation. It has been reported that
S)-(−)-�-(1-naphthyl)ethylamine (S-NEA) was a useful chiral
erivatizing agent. Its amino group can react with the carboxylic
roup of NSAIDs forming the amides and the diastereoisomeric
mides can be resolved on routine HPLC columns [10–12].
owever, there is no report of the S-NEA to separate flurbiprofen

nantiomers. In this paper, a chiral HPLC method for the resolu-
ion of flurbiprofen, ketoprofen and etodolac enantiomers using
-NEA as a pre-column derivatizing agent in human plasma
as described. The derivatizing procedure was simplified and

he derivatizing time was shortened.

. Experimental

.1. Materials
Racemic flurbiprofen, ketoprofen and etodolac
purity > 99.6%) were kindly provided by Jiu Zhou Pharmaceu-
ical Limited Company (Zhejiang, China). S-(+)-Ketoprofen
purity > 99.8%) was obtained from Southwest Pharmaceutical

Z
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p

ig. 2. HPLC chromatograms of ketoprofen enantiomers. (A) Blank plasma and (B
-ketoprofen; (2) R-ketoprofen; (3) S-flurbiprofen (I.S.).
B) blank plasma spiked with racemic flurbiprofen and ketoprofen. Peaks: (1)

anufactory (China). (S)-(−)-�-(1-Naphthyl)ethylamine,
urity is 99% and it is stable at 4 ◦C) were purchased from J&K
hemical (Tokyo, Japan). 1-(3-dimethylaminopropyl)-3-ethyl-
arbodiimide (EDC) and 1-hydroxybenzotriazole (HOBT) were
btained from Sigma (St. Louis, MO, USA). Triethylamine
TEA) was obtained from Shanghai Chemical Reagent Plant
Shanghai, China). Thionyl chloride was obtained from Mei
ing Chemical Co. Ltd. (Shanghai, China). Drug-free human
lasma was supplied by Ningbo Blood Center (Ningbo,
hejiang, China). All solvents used were HPLC grade and all
hemicals were analytical grade.

.2. Equipment and chromatographic conditions

Chromatographic analyses were carried out on an Agilent
100 series liquid chromatograph (Agilent Technologies Cor-
oration, USA) equipped with a UV detector. An Agilent

orbax C18 column (4.6 mm × 250 mm, 5 �m) with an ODS
uard column (10 �m, 10 mm × 5 mm I.D.) was utilized. For
ssaying flurbiprofen and ketoprofen eanatiomers, the mobile
hase was composed of acetonitrile–0.01 mol·L−1 potassium

) blank plasma spiked with racemic ketoprofen and flurbiprofen. Peaks: (1)
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Table 1
Calibration curves of assay

Drug S-Enantiomer R-Enantiomer

Flurbiprofen Y = 1.6261C + 0.0561, r = 0.999 Y = 1.6541C + 0.0321, r = 0.999
Ketoprofen Y = 0.1214C + 0.0170, r = 0.999 Y = 0.1264C + 0.0156, r = 0.999
E r = 0.9
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todolac Y = 121.92C + 104.41,

is the correlation coefficient.

ihydrogen phosphate buffer (pH 4.5) (70:30, v/v) for flur-
iprofen eanatiomers and acetonitrile–0.01 mol·L−1 potassium
ihydrogen phosphate buffer (pH 4.5) (60:40, v/v) for keto-
rofen eanatiomers with the flow rate of 0.8 mL·min−1 and
he detection wavelength of detector was set at 250 nm. For
ssaying etodolac eanatiomers, the mobile phase was composed
f methonal–0.01 mol·L−1 potassium dihydrogen phosphate
uffer (pH 4.5) (88:12, v/v) and the detection wavelength was
et at 278 nm.

.3. Preparation of spiked human plasma samples

Appropriate amounts of the 10, 50 and 100 �g·mL−1 stan-
ard solutions of flurbiprofen, ketoprofen and etodolac were
aken, and evaporated to dryness under a gentle stream of air.
hen the residues were reconstituted with drug-free human
lasma to give final enantiomer concentrations of 0.5, 1.0,
.0, 5.0, 10.0, 20.0 and 50.0 �g·mL−1 for each enantiomer of
urbiprofen, ketoprofen and etodolac. R-Ketoprofen was used
s internal standard for assaying flurbiprofen enantiomers and
-flurbiprofen was used as internal standard for assaying keto-
rofen enantiomers.

.4. Extraction and derivatization

To 150 �L of plasma samples, 20 �L of the internal stan-
ard solution (100 �g·mL−1) and 100 �L of 1 mol·L−1 sulfuric
cid were added in a 10 mL tube. The mixture was extracted with
mL of dichloromethane. After vortexing for 3 min, the samples
ere centrifuged for 10 min at 3000 rpm. Then, the organic layer
as transferred to another tube and evaporated to dryness under a
entle stream of nitrogen. For assaying flurbiprofen and ketopro-
en eanatiomers, 100 �L of 1% TEA (in dichloromethane) and
00 �L of thionyl chloride (2% in dichloromethane) were added
o the residue. The reaction was made at 30 ◦C for 30 min. The
eaction mixture was evaporated to dryness under a gentle stream
f nitrogen. An aliquot of 100 �L of 2.5 mg·mL−1 S-NEA (in
ichloromethane) was added to the residue. The reaction was
ontinued at 30 ◦C for 30 min. After chiral derivatization was
ompleted, the formed product was evaporated to dryness under
gentle stream of nitrogen. For assaying etodolac enantiomers,
0 �L of 2.5 mg·mL−1 HOBT (in 1% pyridine), 100 �L of
DC (2.5 mg·mL−1 in dichloromethane) and 50 �L of S-NEA

−1
5 mg·mL in dichloromethane) were added to the residue. The
eaction was carried out at 30 ◦C for 2 h. The reaction products
ere evaporated under vacuum. The residue was reconstituted
ith 100 �L of mobile phase. Finally, an aliquot of 20 �L of the

esulting solution was injected into the HPLC system.
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99 Y = 116.60C + 117.97, r = 0.999

.5. Enantiomers–protein binding in human plasma

The present assay has been used to quantify the concentration
f each enantiomer of flurbiprofen, ketoprofen and etodolac in
uman plasma for drug–protein-binding study. The plasma sam-
les were equilibrated at 37 ◦C for 15 min prior to ultrafiltration.
he ultrafiltration was performed using an Amicon microcon
nd centricon centrifugal device with the filter membrane of
0,000 Mr cut-off. Samples of 0.5 mL volume were centrifuged
t 10,000 × g (37 ◦C) for 5 min. The plasma samples and ultrafil-
rates, approximately 150 �L, were then analyzed as described
n Section 2.4.

. Results and discussions

.1. Validation study

.1.1. Selectivity
Figs. 1–3 show the typical chromatograms of enantiomer

erivatives flurbiprofen, ketoprofen and etodolac in blank
uman plasma and spiked samples. The R and S enantiomers
nd the internal standard were completely separated from
he matrix compounds under the chromatographic conditions
mployed.

.1.2. Linearity of calibration
Calibration curves were constructed by performing a regres-

ion linear analysis of the peak area ratios of the enantiomer to
he internal standard or the peak area of the enantiomer (Y) ver-
us the enantiomer concentrations (C). The calibration curves of
he two enantiomers were linear over the concentration ranges
tudied (Table 1).

.1.3. Precision and accuracy
The intra- and inter-day precision and accuracy were obtained

y analyzing the spiked samples at three different concen-
rations of 1.0, 5.0 and 50.0 �g·mL−1 for the enantiomers
n five replicates within 1 day and on 5 consecutive days,
espectively. Accuracy of this assay was calculated from cal-
bration curves. The extraction recoveries of the enantiomers
ere assessed at three concentration levels of 1.0, 5.0 and
0.0 �g·mL−1. The extraction recoveries of the enantiomers
ere calculated in five replicates by comparing the enantiomeric

eak area ratios from the spiked plasma samples with the peak
rea ratios obtained from a standard solution containing the
ame concentration of enantiomers. The results are shown in
able 2.
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ig. 3. HPLC chromatograms of e etodolac nantiomers. (A) Blank plasma and (

.1.4. Sensitivity
The lower limit of detection, at a signal-to-noise ratio of

, was about 0.15 �g·mL−1 in plasma for each enantiomer of
urbiprofen, ketoprofen and etodolac. And the lower limit of
uantification, defined as the lowest enantiomeric concentration
hich can be quantitatively determined with suitable precision

nd accuracy (signal-to-noise ratio of 10) was 0.5 �g·mL−1

R.S.D. < 10%, n = 5) in plasma for each enantiomer of flurbipro-
en, ketoprofen and etodolac.

.2. Optimization of derivatization

Separation of enantiomers using derivatizing agents is use-
ul and economic method for analyzing chiral drug [13–15].
he carboxylic group of profen reacts with the amino group
f S-NEA forming the amide. During the derivatization of pro-
en enantiomers, the amounts of S-NEA and thionyl chloride,
eaction time and reaction temperature for the conversion of
nantiomers to their corresponding diastereomers were opti-
ized. An excess of S-NEA and thionyl chloride was needed
n derivatization in order to complete the reaction. The results
Fig. 4) showed that when the molar amount of S-NEA and
hionyl chloride was increased to 5 and 50 times that of the
urbiprofen enantiomers, respectively, the yield of each enan-

c
c
d
f

able 2
ecovery and precision of assaying enantiomers in human plasma (n = 5, x̄ ± S)

rug Spiked amount (�g·mL−1) Extraction recovery (%

S

lurbiprofen 1 89.8 ± 4.1
5.0 89.4 ± 3.0

50.0 87.4 ± 2.6

etoprofen 1 88.0 ± 3.6
5.0 87.7 ± 4.1

50.0 88.7 ± 1.1

todolac 1 93.2 ± 4.9
5.0 92.4 ± 3.7

50.0 90.3 ± 3.5
nk plasma spiked with racemic etodolac. Peaks: (1) S-etodolac; (2) R-etodolac.

iomer reached to a maximum; and that the formation of the
iastereomers was completed within 30 min at 30 ◦C. It is dif-
cult to separate etodolac enantiomers by using same method
s flurbiprofen and ketoprofen so EDC and HOBT were used as
oupling agent. And the amounts of S-NEA, EDC and HOBT for
he conversion of etodolac enantiomers to their corresponding
iastereoisomers were optimized. The results (Fig. 5) showed
hat when the molar amount of EDC and S-NEA was increased
o five times that of the etodolac enantiomers, the yield of each
nantiomer reached to a maximum. Additional amounts of S-
EA, thionyl chloride and EDC did not spoil the chromatogram.

.3. Application to enantiomers–protein binding study

The binding of flurbiprofen, ketoprofen and etodolac enan-
iomers to Chinese plasma is shown in Figs. 6–8. The bound
raction of each enantiomer of flurbiprofen and ketoprofen
as about 90% at the concentration of 3 �g·mL−1. The bound

raction decreased with the increasing of the enantiomeric

oncentration of flurbiprofen and ketoprofen. When the con-
entration of enantiomer was at 50 �g·mL−1, the bound fraction
ropped to about 70%. Enantiomers of flurbiprofen and ketopro-
en displayed concentration dependent and extensive binding

) Precision (%)

R Intra-day Inter-day

S R S R

91.4 ± 4.1 4.0 3.1 5.2 5.3
90.3 ± 3.0 3.5 3.8 3.8 3.0
88.5 ± 2.8 1.0 1.4 1.7 2.0

90.4 ± 4.6 4.0 4.7 4.7 4.6
88.4 ± 3.5 3.0 3.0 4.3 3.7
89.8 ± 1.9 0.87 0.79 1.5 1.6

92.7 ± 4.5 7.2 6.5 8.1 7.9
91.8 ± 3.9 6.6 6.7 7.1 6.4

89.41 ± 4.0 2.8 2.8 5.7 4.1
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Fig. 4. Effect of reagent concentration, reaction temperature and reaction time on the formation of the diastereoisomeric amides formed by reaction of racemic
flurbiprofen and S-NEA (100% of y-axis means complete reaction).

Fig. 5. Effect of reagent concentration on the formation of the diastereoisomeric asmides formed by reaction of racemic etodolac and S-NEA (100% of y-axis means
complete reaction).

Fig. 6. The binding of flubiprofen enantiomers to human plasma. (A) Unbound fraction of flubiprofen enantiomers at various initial concentrations. (B) Scatchard
plots for the protein binding of flubiprofen enantiomers.
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Fig. 7. The binding of ketoprofen enantiomers to human plasma. (A) Unbound fraction of ketoprofen enantiomers at various initial concentrations. (B) Scatchard
plots for the protein binding of ketoprofen enantiomers.
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ig. 8. The binding of etodolac enantiomers to human plasma. (A) Unbound fr
or the protein binding of etodolac enantiomer.

o Chinese plasma. However, the unbound fraction ratio of
-/R-etodolac was from 0.30 to 0.98 with the enantiomeric con-
entration from 0.5 to 50 �g·mL−1.

Flurbiprofen displayed concentration dependent and exten-
ive binding to human plasma [16,17]. Scatchard plots showed
hat there were two classes of binding sites for the enantiomers
f flurbiprofen on human plasma: one with high-affinity and the
ther with low-affinity. Binding to the primary (high-) affinity
ites occurs when the concentration of flurbiprofen is low as
t can be seen from scatchard plots. With the increasing of the
oncentration of flurbiprofen, high-affinity binding sites become
aturated and flurbiprofen primarily binds to the low-affinity
inding sites. Ketoprofen and etodolac enantiomers showed
imilar characteristics with flurbiprofen enantiomers’ binding
o human plasma. The binding to high-affinity site was only
lightly greater in the case of the S-flurbiprofen compared to the
-flurbiprofen. The binding of ketoprofen enantiomer was not
tereoselective. The enantioselectivity was observed in etodolac
nantiomers’ binding to Chinese plasma and S-etodolac was
reater than that of R-etodolac.

. Conclusion

The stereoselective HPLC methods were developed and vali-
ated for the rapid quantitative determination of flurbiprofen,

etoprofen and etodolac enantiomers in human plasma. The
ethod was reliable, accurate and suitable for determining con-

entration of the enantiomers of flurbiprofen, ketoprofen and
todolac in human plasma.

[

[
[
[

of etodolac enantiomers at various initial concentrations. (B) Scatchard plots

cknowledgments

The project was supported by National Natural Science
oundation of China (#30225047) and Zhejiang Technology
oundation of China (#2005C13026).

eferences

[1] M.A. Radwan, H.Y. Aboul-Enein, Chirality 16 (2004) 119–
125.

[2] M.R. Islam, J.G. Mahdi, I.D. Bowen, Drug saf. 17 (1997) 149–
165.

[3] G. Geisslinger, S. Menzel-Soglowek, O. Schuster, K. Brime, J. Chromatogr.
573 (1992) 163–167.

[4] S. Menzel-Soglowek, G. Geisslinger, W.S. Beck, K. Brune, J. Pharm. Sci.
81 (1992) 888–891.
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