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a b s t r a c t

Fluorous derivatization followed by fluorous-phase liquid chromatographic (LC) separation exploits
the affinity between perfluoroalkyl compounds for highly selective and quantitative isolation of var-
ious analytes. However, the applicability of this technique as a simple pretreatment for fluorometric
determination in clinical settings has not been fully explored. Here we show the applicability of this
technique to the clinical determination of non-steroidal anti-inflammatory drugs (NSAIDs) in human
plasma. Naproxen and felbinac, widely used native-fluorescent NSAIDs with a carboxyl group, can have
eywords:
luorous derivatization
ative fluorescent carboxylic acid
on-steroidal anti-inflammatory drugs
iquid chromatography
uman plasma

toxic effects at acute doses, and were therefore chosen as representative NSAIDs. Samples were precol-
umn derivatized with a non-fluorescent fluorous amine, which allowed highly selective retention of only
derivatized substances in the fluorous LC column. Thus, subsequently, only the retained fluorous-labeled
and fluorescent analytes were detected fluorometrically at appropriate retention times. The detection
limits for these two drugs were less than 11 fmol on column. Correlation curves were liner over the range
of 0.04–10 and 5–250 nmol/mL plasma for both two drugs (r > 0.999) with good repeatability. Thus, this
method offers a simple, sensitive, and selective solution for determination of NSAIDs in clinical settings.
. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely
sed in the treatment of pain, fever, and inflammation [1]. The most
idely used NSAIDs are naproxen [(2S)-2-(6-methoxynaphthalen-

-yl)propanoic acid, Fig. 1A] and felbinac (biphenyl-4-ylacetic acid,
ig. 1B). Naproxen is mainly administered orally and is approved
or over-the-counter (OTC) use in the United States [2], whereas
elbinac is mainly administered transdermally [3,4]. However, it is
mportant to note that chronic or acute administration can lead to
oxic effects such as gastrointestinal erosion, bleeding, and patho-
ogic changes in the renal cortex, tubules, and papillae [1]. Thus, it
s necessary to monitor the concentration of naproxen and felbinac
n human plasma.

There are several determination methods for naproxen and
elbinac in pharmaceutical preparations and biological samples:
ethods based on liquid chromatography (LC) with UV detec-
ion [5–8], electrochemical detection [9,10], mass spectrometry
MS) method [11,12], and fluorescent detection [13–15]. In general,
V detection is not sensitive and selective, while electrochemical

∗ Corresponding author. Tel.: +81 92 871 6631x6619; fax: +81 92 863 0389.
E-mail address: nohta@fukuoka-u.ac.jp (H. Nohta).

731-7085/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpba.2011.01.011
© 2011 Elsevier B.V. All rights reserved.

detection tends to lack reproducibility due to hysteretic degrada-
tion of the electrode. Although the LC–MS method is sensitive and
highly reliable, its apparatus and operating cost are too expen-
sive for routine analyses in many laboratories. Because naproxen
and felbinac have native fluorescent, they can be determined
with the fluorescent detection [13–15]. However, there are many
fluorescent compounds which cause interfering peaks for the chro-
matogram in biological samples. Therefore, highly sophisticated LC
separation conditions [13,15] and/or sample clean-up procedures
[14,15] are inevitable to eliminate the interferences from other
co-existing compounds.

Recently, we developed a simple LC determination method of
native fluorescent compounds based on “fluorous derivatization”
[16]. “Fluorous” is that between highly fluorinated compounds
and highly fluorinated compounds show the special property
to fluorophilic, a branch of organic chemistry is dedicated to
research on fluorous chemistry [17–19]. Since 1980s, fluorous
reagents and LC columns with fluorous stationary phase have
been commercially supplied by some manufacturers [20]. The

principle of fluorous derivatization method is described as fol-
lows: native fluorescent compounds or analytes with target
functional groups are precolumn derivatized with a nonfluores-
cent fluorous-label. The fluorous derivatized analytes are retained
in the fluorous-phase column, whereas underivatized native fluo-

dx.doi.org/10.1016/j.jpba.2011.01.011
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:nohta@fukuoka-u.ac.jp
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added. The vial was tightly sealed and left at room temperature for
Fig. 1. Chemical structures

escent substances are not. Only the retained fluorescent analytes
re detected fluorometrically at appropriate retention times, and
etained non-fluorescent substrates without fluorophores are not
etected. Fluorous derivatization method was carried out for
he specific determination of not only native fluorescent car-
oxylic acids but also sialic acids with MS detection [21]. In these
ethods, 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-n-

ndecylamine (HFUA) was used as a fluorous derivatization
eagent for carboxylic acids with a fluorous structure, and 4-(4,6-
imethoxy-1,3,5-triazin-2-yl) methylmorpholin-4-ium chloride
DMT-MM) was used as an effective reagent for condensation reac-
ion between amino group in HFUA and carboxylic acid structure
n the analytes (Fig. 2).

In the present paper, we described a fluorous derivatization
ethod for naproxen and felbinac to exhibit the utility for biomed-

cal field. This method allows a highly sensitive and selective
etermination of them in human plasma with simple pretreatment.
e applied this method for the measurement of drug concentra-

ions in plasma sample from oral administration of naproxen and
ransdermal administration of felbinac.

. Experimental

.1. Reagents and solutions
Unless stated otherwise, all chemicals mentioned below were of
he highest purity available and were used as received. Naproxen
nd DMT-MM were purchased from Wako Pure Chemicals (Osaka,
apan). Felbinac and HFUA were obtained from Alfa Aesar (Ward
ill, MA, USA) and Fluka (Buchs, Switzerland), respectively. All

Fig. 2. Fluorous derivatization of napro
naproxen and (B) felbinac.

organic solvents were of LC grade. It should be noted that these
reagents and solvents are toxic to the eyes, lungs, and skin, and
should be used carefully according to guidelines specified in the
latest material safety data sheets. Ultrapure water, purified using
a Milli-Q gradient system (Millipore, Billerica, MA, USA), was used
to produce all aqueous solutions.

Stock solutions (1.0 mM) of analytes were prepared in acetoni-
trile and stored at room temperature. They were stable for at least
one week and diluted further with tetrahydrofuran (THF) to the
required concentrations before use. A solution of 20 mM HFUA in
THF was usable for at least one week when stored at room tem-
perature. A solution of 10 mM DMT-MM in 90% (v/v) THF was used
within one day.

2.2. Pharmaceuticals

NAIXAN® tablet includes 100 mg naproxen was obtained from
Mitsubishi Tanabe Pharma (Osaka, Japan). PASSTIME® FX plaster
includes 10 mg felbinac per plaster was kindly donated from Yutoku
Pharmaceutical Industries Co., Ltd. (Saga, Japan).

2.3. Derivatization procedure

To the sample solution (40 �L) placed in a 1.5-mL vial, 40 �L
of 20 mM HFUA and 20 �L of 10 mM DMT-MM were successively
5 min. After derivatization, 100 �L of water was added to the vial,
and the entire reaction solution was placed in the autosampler
of an LC system. A reagent blank was prepared by the same
procedure using a 40-�L aliquot of 90% (v/v) THF instead of the
sample solution.

xen in the presence of DMT-MM.
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.4. Plasma sample and pretreatment

Plasma samples were obtained from the whole blood of healthy
olunteers in the laboratory. These volunteer understood the pur-
ose and significance of this experiment and donated blood after
igning an agreement. In pharmacokinetic study, blood was col-
ected from one volunteer (male, 23 years old, 57 kg) before and
fter 0–55 h of oral administration of naproxen or before and after
–55 h of transdermal administration of felbinac in the lumbar
egion for 36 h, using a centrifugal blood collection tube (Eiken
hemical, Tokyo, Japan). In order to prevent interference between
oth the experiments, they were executed at an interval of 10 days.
he blood was immediately centrifuged at 2000 × g for 5 min at
oom temperature, and the obtained supernatant was transferred
o a screw-capped polypropylene tube and used as plasma sample.

To 10 �L of plasma placed in a 1.5-mL polypropylene tube, 90 �L
f THF was added. After vortex mixing for a few seconds, the mix-
ure was immediately centrifuged at 9000 × g for 5 min at 4 ◦C, and
he supernatant was passed through a disposable filter (0.20-�m
ore size, polytetrafluoroethylene; Advantec Toyo, Tokyo, Japan).
hen, a portion (40 �L) of the filtrate was subjected to derivatiza-
ion.

.5. LC system and conditions

We used an isocratic LC system consisting of an LC-10AD liquid
hromatography pump, a SIL-10A autoinjector, a DGU-12A online
egasser, a CTO-10A column oven, a separation column, an RF-
0AXL spectrofluorometer equipped with a 12-�L flow cell, and a
BM-20A controller. With the exception of the separation column,
ll components of the LC system were manufactured by Shimadzu
Kyoto, Japan). Injection of each 20-�L sample into the system was
arried out automatically. The flow rate of the mobile phase was
et at 1.0 mL/min, and the column temperature was 40 ◦C. Both the
onochromators in the fluorescence detector had a slit width of

5 nm.
A Wakopak Fluofix-II 120E column (150 × 4.6 mm i.d., 5 �m;

ako Pure Chemicals) was used as an analytical column, and a
ixture of methanol, water, and acetonitrile (70:20:10, v/v) was

sed as a mobile phase. The fluorescence detector was operated
t excitation/emission wavelengths (nm) of 270/350 (0–22.8 min,
etection for naproxen) and 260/316 (>22.8 min, detection for fel-
inac).

.6. Method validation

In order to obtain the validation parameters, peak heights were
stimated by a Shimadzu software (LC solution, ver. 1.23) and
he baseline-to-baseline method was used for the quantification.
or the quantitative analysis, calibration standard solutions (n = 3
ach) with concentration ranges from 4 nM to 1 �M (4 nM, 10 nM,
.1 �M, 0.5 �M, and 1 �M) for low concentration and from 0.5 �M
o 25 �M (0.5 �M, 1 �M, 5 �M, 10 �M, and 25 �M) for high con-
entration were prepared by diluting the stock solutions. For the
lasma sample, calibration spiked solutions (n = 3 each) with a
oncentration range from 0.04 to 10 nmol/mL plasma (0.04, 0.1,
, 5, and 10 nmol/mL plasma) for low concentration and from 5
o 250 nmol/mL plasma (5, 10, 50, 100, and 250 nmol/mL plasma)
or high concentration were prepared by spiking the stock solu-
ions diluted with human plasma. The equations of the calibration
urves were determined using least squares linear prediction. Pre-

isions (intraday and interday) pertaining to the present method
ere estimated during the analytical procedures (sample dilution,
retreatment, derivatization, and LC separation) using the stan-
ard solutions (10 nM) and spiked plasma (0.1 nmol/mL plasma).
he intraday and interday precisions were assessed by perform-
d Biomedical Analysis 55 (2011) 176–180

ing an analysis five times on the same day and by conducting
the analysis on five different days of a month, respectively. The
detection and quantitation limits were determined from signal-to-
noise ratio of 3 and 10, respectively. To demonstrate applicability
of the real sample, the recovery using plasma samples spiked with
standards was evaluated. For this purpose, spiked plasma samples
(n = 3 each) were prepared standard solutions at low (0.1 nmol/mL
plasma), medium (10 nmol/mL plasma), and high (250 nmol/mL
plasma) concentration levels were added to plasma sample, and
the recovery was calculated on the basis of the results obtained by
the proposed method.

3. Results and discussion

3.1. Fluorous LC separation

In the preliminary examination, we tried two fluorous columns
whose ligands on stationary phase have different structure in order
to obtain the optimum separation. We examined the Fluofix-II 120E
column (150 × 4.6 mm i.d., 5 �m) and the Fluophase RP column
(150 × 3.0 mm i.d., 5 �m, Thermo Fisher Scientific, San Jose, CA,
USA). Then the Fluofix-II 120E column could effectively separate
the HFUA derivatives of naproxen and felbinac within 30 min but
the Fluophase RP column could not. For the separation, a mixture
of methanol, water, and acetonitrile (70:20:10, v/v) was used as
the mobile phase. Fig. 3A shows a typical chromatogram obtained
with fluorous-labeled naproxen and felbinac. Fig. 3B and C show
chromatograms obtained with unlabeled naproxen and felbinac
and n-undecylamine (the alkylamine that has same carbon number
with HFUA)-labeled them. These chromatograms indicate that only
fluorous-labeled NSAIDs were retained in the fluorous column but
non-fluorous compounds were not. Thus, the fluorous column can
selectively retain fluorous compounds including fluorous-labeled
analytes on the basis of fluorous separation and not hydrophobicity.

3.2. Derivatization conditions

The optimum conditions for fluorous derivatization reaction
were optimized according to the previous method [16]. The con-
centrations of HFUA and DMT-MM were selected as 20 mM and
10 mM, respectively. The optimal reaction conditions were selected
at room temperature for 5 min for the convenient procedure. We
guessed that both felbinac and naproxen were derivatized quanti-
tatively under the selected conditions because there are little peaks
at the retention time of unlabeled drugs (Fig. 3A) and because it is
known that amidation reaction using DMT-MM is faster and milder
than that using other condensation reagents [22]. The fluorescence
intensities of derivatized naproxen and felbinac were constant even
after the mixture was left to stand for at least a week in the dark at
room temperature.

3.3. Analysis of standards

The relationship between the amounts of native fluorescent
carboxylic acids examined and the peak heights was linear
over the concentration range of 4 nM–1 �M (low concentration;
16 fmol–4 pmol on column) and 0.5 �M–25 �M (high concentra-
tion; 2–100 pmol on column) in the standard solution. Both the
values of the linear correlation coefficients of naproxen and felbinac
with both concentration range were 0.999 (n = 3). The intraday and
interday precisions were estimated during the entire process by

repeated determinations (n = 5 in each case) using mixtures of stan-
dard compounds (10 nM each in a sample solution, 40 fmol each
on column); the relative standard deviations of naproxen were
0.3% and 2.1%, respectively, and that of felbinac were 0.8% and
2.3%, respectively. The detection limits (signal-to-noise ratio = 3)
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Fig. 3. Chromatograms obtained with (A) fluorous-labeled naproxen and felbinac, (B)
felbinac. Amounts: 4 pmol each on the fluorous column.
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ig. 4. Chromatograms obtained with plasma samples by fluorous derivatization.
amples: (A) drug-free plasma; (B) plasma spiked with naproxen and felbinac
0.1 nmol/mL plasma). Peaks: 1, fluorous-labeled naproxen; 2, fluorous-labeled fel-
inac; others, endogenous compounds.

hat were dependent on the fluorescence intensities of naproxen
nd felbinac were 11 and 6 fmol, respectively, per 20-�L injection
olume.

.4. Determination of naproxen and felbinac in human plasma

To investigate the applicability of the fluorous derivatization
ethod to biomedical analysis, it was used for the determination

f native fluorescent NSAIDs (naproxen and felbinac) in human
lasma. Plasma was diluted 10-fold with THF to deproteinize and

ptimize the reaction solvent. In this deproteinization method total
free and bond) drugs were determined [16]. Fig. 4 shows typi-
al chromatograms obtained with derivatized plasma samples. No
eaks of the plasma components were observed at the retention

able 1
alidation data of plasma samples.

ra Recoveryb (%, mean ± SD,

Low High Low Medium

Naproxen 0.999 0.999 95.1 ± 1.6 99.6 ±
Felbinac 0.999 0.999 97.9 ± 1.2 98.0 ±
a Correlation curve in the concentration range of 0.04–10 nmol/mL plasma (low) and 5
b The ratio of the peak height of spiked plasma (low, 0.1 nmol/mL; medium, 10 nmol/m
c Relative standard deviation of peak height for 0.1 nmol/mL plasma.
unlabeled naproxen and felbinac, and (C) n-undecylamine-labeled naproxen and

times around and after the objective peaks, because the native flu-
orescent compounds without carboxyl groups in the plasma were
not derivatized and not retained in the column. Furthermore, non-
fluorescent carboxylic acids were not detected, even though they
were retained. The components of peaks 1 and 2 in Fig. 4 were
identified as HFUA-labeled naproxen and felbinac, respectively, by
comparing their retention times with those in Fig. 3 and by co-
chromatography using various mobile phases. When HFUA solution
was replaced with only a solvent, it was found that all compounds
were eluted in the solvent front. Thus, there are few compounds
retained in the fluorous column in human plasma and, the bio-
genic fluorescent compounds did not affect the determination of
naproxen and felbinac. The peak components observed at retention
times of 15–20 min might be attributed to the HFUA derivatives of
endogenous native fluorescent carboxylic acids.

Validation data of spiked-plasma samples are presented in
Table 1. The calibration graphs of naproxen and felbinac in plasma
were linear (r = 0.999) in the concentration range correspond-
ing to 0.04–10 nmol/mL plasma and 5–250 nmol/mL plasma. No
significant changes in the slopes of the graphs were observed
with the plasma used. Recoveries of naproxen and felbinac using
plasma samples spiked with naproxen and felbinac were evalu-
ated. For this purpose, spiked plasma samples were prepared at
low (0.1 nmol/mL plasma), medium (10 nmol/mL plasma), and high
(250 nmol/mL plasma) concentration levels. The recoveries were
calculated from the ratio of the peak heights of spiked plasma sam-
ples and those of standards (n = 3 each); 95.1–99.6% NSAIDs were
recovered from the plasma (Table 1). The intraday and interday
naproxen and felbinac in plasma (0.1 nmol/mL plasma); the rel-
ative standard deviations were within 1.4% (intraday) and 4.6%
(interday), respectively. The quantitation limits (signal-to-noise
ratio = 10) that were dependent on the fluorescence intensities of

n = 3) Repeatabilityc (RSD, n = 5)

High Intraday (%) Interday (%)

1.5 98.8 ± 1.3 0.9 3.8
1.5 97.4 ± 1.4 1.4 4.6

–250 nmol/mL plasma (high).
L; high, 250 nmol/mL) and that of the standard.
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ig. 5. The plasma concentration–time curves of (A) naproxen and (B) felbinac.

aproxen and felbinac were 0.073 and 0.038 nmol/mL, respectively,
er 20-�L injection volume. This method was the same or more
ensitive than MS method [12] and other fluorescence detection
ethods [13–15] with simple pretreatment.

.5. Pharmacokinetic study

The method has been successfully applied to the pharma-
okinetic study. A healthy volunteer was administered 300-mg
aproxen by a single oral dose and blood was collected before
nd 0.1, 0.5, 1, 2, 3, 4, 6, 12, 24, 35, and 55 h after administra-
ion. The plasma concentration–time curve of naproxen is shown
n Fig. 5A. The main pharmacokinetic parameters of naproxen were
alculated. After administration of naproxen, Tmax and Cmax values
ere found to be 1 h and 206 nmol/mL, respectively. The AUC0−55

alue was 2820 nmol h/mL. These results are similar to the reported
esults [23].

Furthermore, the method has been applied to the pharma-
okinetic study of felbinac as well. A healthy volunteer was
ransdermally administered 40-mg felbinac in the lumber region
or 36 h and blood was collected before and 0.1, 1, 3, 6, 10, 15, 22, 30,
6, and 55 h after administration. The plasma concentration–time
urve of felbinac is shown in Fig. 5B. After administration of felbinac,
max and Cmax values were found to be 22 h and 0.64 nmol/mL,
espectively. The AUC0−55 values were 18.2 nmol h/mL. These
esults are similar to the reported result [4].

. Conclusion

This paper reports the development and application of the
etermination of NSAIDs by using fluorous derivatization and
uorous-phase separation. NSAIDs could be analyzed by simple
retreatment and rapid derivatization, and detected with high
electively and sensitivity without interference of contaminants in
he biological sample. Furthermore this method was successfully
sed to monitor the concentration of orally administered naproxen
nd transdermally absorbed felbinac. Examination concerning
imultaneous determination of NSAIDs with some metabolites
24,25] are on progress.
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