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A simple, rapid and sensitive procedure using nonaqueous capillary electrophoresis (NACE) to measure fluoxetine and its main
orfluoxetine has been developed and validated. Optimum separation of fluoxetine and norfluoxetine, by measuring at 230 nm, was
60 cm ×75�m capillary using a nonaqueous solution system of 7:3 methanol-acetonitrile containing 15 mM ammonium acetate

emperature and voltage 25◦C and 25 kV, respectively and hydrodynamic injection. Paroxetine was used as internal standard. Goo
ere obtained for different aspects including stability of the solutions, linearity, and precision. Detection limits of 10�g L−1 were obtaine

or fluoxetine and its metabolite. This method has been used to determine fluoxetine and it main metabolite at clinically relevan
uman urine. Before NACE determination, the samples were purified and enriched by means of extraction-preconcentration
reconditioned C18 cartridge and eluting the compounds with methanol.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Before 1980, antidepressant treatment principally con-
isted of the tricyclics, monoamine oxidase inhibitors and
ithium. Since the early 90s, a new generation of com-
ounds is available, having a different pharmacological pro-
le and generally better tolerated adverse effects[1]. The first
lass introduced fluvoxamine, fluoxetine, sertraline, paroxe-
ine and citalopram. A second class consists of venlafaxine
nd milnacipran.

Fluoxetine hydrochloride is an antidepressant[2] for oral
dministration; it is chemically unrelated to tricyclic, tetra-
yclic, or other available antidepressant agents. It is des-

∗ Corresponding author. Tel.: +34-926295300.
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ignated (±)-N-methyl-3-phenyl-3-[(�,�,�-trifluoro-p-tolyl)-
oxy]propylamine hydrochloride, it is a cyclic second
amine and has the empirical formula of C17H18F3NO·HCl.

Fluoxetine (Fig. 1) is in a new class of antidepressant m
ications that affects chemical messengers within the b
These chemical messengers are called neurotransm
Many experts believe that an imbalance in these neurot
mitters is the cause of depression. Fluoxetine is sugges
work by inhibiting the release or affects the action of s
tonin [3]. It is used to treat mental depression[4]. It is also
used to treat obsessive-compulsive disorder, nervous bu
and premenstrual dysphoric disorder. Fluoxetine belon
a group of medicines known as selective serotonin reup
inhibitors (SSRIs). These medicines are thought to wor
increasing the activity of a chemical called serotonin in
brain.

039-9140/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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Fig. 1. Structures of the molecules.

Fluoxetine is extensively metabolized in the liver to nor-
fluoxetine, and other, unidentified metabolites; but much is
still unknown about the metabolites and elimination of flu-
oxetine and its metabolites[5]. Norfluoxetine (Fig. 1), a
desmethyl metabolite, is also a serotonin reuptake inhibitor;
its pharmacological activity being similar to that of the par-
ent drug. Norfluoxetine contributes to the long duration of
action of fluoxetine. Elimination of metabolites occurs pri-
marily in the urine with a smaller amount also being present in
the feces.

Several methods for the determination of fluoxetine and
norfluoxetine in biological samples have been published.
Mostly based on liquid chromatography (LC) with ultravi-
olet [6–8], fluorescence[9–11] or mass spectrometry de-
tection[12], gas chromatography–electron capture detection
(GC–ECD)[13,14] or GC–mass spectrometry (MS) detec-
tion [15]. Others works include the quantification of enan-
tiomeric forms of both fluoxetine and norfluoxetine by LC
[13] and GC–ECD[16] techniques. But only few works have
been published by capillary electrophoresis. There are three
papers about enantiomeric separation of fluoxetine and nor-
fluoxetine[17–19]. Desiderio et al.[18] use a cyclodextrin-
modified sodium phosphate buffer at pH 2.5, and Gatti et al.
[19] made a comparison of the enantiorecognition ability of
linear, neutral polysaccharides in acidic running buffer (pH
3

has been proposed and applied in different kind of biologi-
cal samples. Only one work[21] is reported by using non-
aqueous electrophoresis coupled on-line with electrospray
ionisation–mass spectrometry, although there is a work by
nonaqueous capillary electrophoresis (NACE) where fluoxe-
tine is employed as internal standard in the determination of
paroxetine and its metabolites[22]. Another antidepressants
have been determined by NACE[23,24].

The use of nonaqueous buffers to extend the applica-
tion range of CE, has encountered growing interest[21].
Compared to aqueous buffer solutions, the different physico-
chemical properties of organic solvents (viscosity, dielectric
constant, polarity, autoprotolysis constant, electrical conduc-
tivity, etc.), induce selectivity modification a challenging task
in the science of separation. In fact, organic solvents proved
to be useful for the analysis of hydrophobic compounds as
well as of drugs and metabolites, which are difficult to sep-
arate with aqueous buffers. Short analysis time, less Joule
heating, and the possibility to increase analyte solubility are
the main reasons for this success. Excellent reviews on non-
aqueous capillary electrophoresis[25–29] have been pub-
lished and can be consulted for a more systematic coverage of
the field.

The purpose of this work was to perform a simple and
fast separation of fluoxetine and its major metabolite norflu-
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.0). A micellar electrokinetic capillary chromatography[20]
xetine by non aqueous capillary electrophoresis in hu
rine samples by means of diode-array detection. Prior t
lectrophoretic separation a previous extraction and pre
entration process on a C18 cartridge was used.

. Experimental

.1. Chemicals

Methanol (99.8%) (0.1% water) and acetonitrile (99.9
0.02% water) was purchased from PANREAC (Mad
pain).
Fluoxetine hydrochloride and its metabolite norfluoxe

ere purchased from Tocris and Sigma, respectively.
Standard solutions (100 mg L−1) were prepared i

ethanol and stored under refrigeration at 4◦C. Working
tandard solution were prepared daily by dilution of the s
tandard solutions with methanol.

.2. Instrumentation

Analysis was performed with Beckman P/ACE Sys
DQ capillary electrophoresis equipment with diode-a
etection (DAD) and controlled by means of a P/ACE Sys
DQ capillary electrophoresis software. The 60 cm (50 to
etector)× 75�m i.d. fused-silica separation capillary w
aintained in a cartridge with a 100�m × 800�m detection
indow.
The use of photodiode detector allowed us to confirm

dentity of the peaks, not only by its migration time, but a
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by the overlay of the UV–Vis spectra of the samples with a
standard.

The extraction and preconcentration process was achieved
with a home-made device composed by Waters manifold
Millipore Vacum sep-pack system coupled with a Gilson
Minipuls 3 automatic pump.

2.3. Treatment of the urine samples, extraction and
preconcentration procedure

Fresh human urine samples were obtained from different
volunteers who had or had not taken fluoxetine.

Fresh urine samples were submitted directly to solid-
phase extraction after a preliminary centrifugation step
(5000 rev/min, 15 min, 20◦C).

The extraction of fluoxetine and norfluoxetine from the
biological samples was performed in a reverse-phase C18 car-
tridge (Waters Sep-Pak Plus, Milford, MA, USA). The car-
tridge was conditioned prior to use with 5 mL of methanol
followed by 5 mL of 10 mM phosphate buffer solution (pH
7.0). In all the cases 0.5 mg L−1 of paroxetine was added as
internal standard.

Different volumes (between 2 and 10 mL) of urine were
slowly loaded into the conditioned cartridge. The cartridge
was then washed with 8 mL of 10 mM phosphate buffer (pH
7 flu-
o nol.
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3. Results and discussion

3.1. Optimisation of the test electrophoretic procedure

3.1.1. Effect of H2O/MeOH mixtures percentages
First it was study the effect of the presence of water in

nonaqueous solution in the range 0–20% (v/v) assay of water
in 5% steps, and it was found that by increasing the percentage
of water, the peaks height decrease and the resolution was
worse (Fig. 2). Then it was selected the no addition of water
to nonaqueous solution.

3.1.2. Effect of ACN/MeOH mixtures percentages
ACN/MeOH mixtures are widely used in NACE. The se-

lectivity of the separation systems changed significantly with
the ratio of ACN/MeOH, and the electrophoretic mobility
varied according to the ACN/MeOH composition, with a
maximal value at 75%[30]. The zeta potential in ACN is
higher than in MeOH, if both solvents do not contain sup-
porting electrolytes[31,32]. Therefore, changes in viscosity
and dielectric constant predict a steadily increase of EOF with
the ACN concentration. This was found for ACN/MeOH mix-
tures containing NR4+ and equal or slightly higher amounts
of OAc− [33,34].

Several ACN/MeOH mixtures (0, 10, 30, 50 and 70% as-
s
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.0) and 2 mL of a 30% methanol–water solution. Finally,
xetine and norfluoxetine were eluted with 2 mL of metha
his extract was immediately injected into the capillary e

rophoresis equipment.

.4. Operating conditions

Before the first use the capillary was conditioned
ushing with 0.1 M NaOH for 60 min, then with water f
0 min, and finally with the background electrolyte solu

or 20 min.
Electrophoretic separation was performed using a

queous solution of 7:3 (v/v) methanol-acetonitrile cont
ng 15 mM ammonium acetate. Before use, the electro
olutions were filtered through a 0.45�m microfilter and de
assed by passing N2 stream for 10 min at very slow flow
he temperature of the cartridge, the applied voltage an

njection time in the hydrodynamic way were 25◦C, 25 kV
nd 5 s, respectively.

Urine samples were kept at 20◦C inside the capillary elec
rophoresis equipment. Between measurements the cap
as conditioned for 2 min with nonaqueous solution bec
ontamination from an unknown component of the urine s
les was observed between consecutive injections. At the
f each sequence of analyses the capillary was washe
min with 0.1 M NaOH, 5 min with water and 10 min w
onaqueous solution.

Duplicate injections of the solution were performed
elative peak areas (analyte area/Paroxetine area) were
or the quantification.
d

ay of acetonitrile (v/v)) containing 15 mM NH4OAc were
ested for the separation of the studied compounds. Whe

of ACN increases, the migration times of fluoxetine
ts metabolite decrease, but the resolution became bad
0% of acetonitrile (Fig. 3) and the current increases. T
0% ACN was chosen as optimum.

.1.3. Effect of ionic strength of electrolyte
As in aqueous CE, the nature of the electrolyte play

mportant role during method optimization. Most organic
ents are capable of dissolving electrolytes, at least to
xtent. One of the most commonly used as electrolyte
ACE is the mixture of acids and their ammonium salts
ur work, a mixture of HOAc and NH4OAc was investigated
ecause it is a suitable electrolyte for direct UV-detectio
nions and cations in the most organic solvents, and th
ition of these compounds to the organic solvent incre

he conductivity and promotes a stable current. Therefo
ur case, the ionic strength of the electrolyte is dependin

he concentration of NH4OAc and HOAc added to the bac
round. In NACE it is suggested to work with level curr

ower than 20–25�A because this avoids a bubble format
nto the capillary, therefore it avoids the current courts.

The influence of increasing amounts of HOAc (0, 0.5
% (v/v)) over resolution was studied maintaining 15 m
f NH4OAc constant. High values of percent HOAc in
uffer increase the current level and provoke current co
o addition of HOAc was chosen as optimum (Fig. 4
rder to obtain the best resolution, the best sensitivity
current lower than major percentages of HOAc, avoi

urrent courts.
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Fig. 2. Effects of percentage of water upon migration time. Migration order: norfluoxetine, fluoxetine and paroxetine. Experimental conditions: 15 kV, 3 s
injection, 230 nm, 15 mM NH4OAc, 2�g mL−1 of each analyte and 0.5�g mL−1 of paroxetine.

F
3

ig. 3. Effects of percentage of acetonitrile upon migration time. Migration o
s injection, 230 nm, 15 mM NH4OAc, 2�g mL−1 of each analyte and 0.5�g mL
rder: norfluoxetine, fluoxetine and paroxetine. Experimental conditions: 15 kV,
−1 of paroxetine.
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Fig. 4. Effects of percent acetic acid upon migration time. Migration order: norfluoxetine, fluoxetine and paroxetine. Experimental conditions: 15 kV, 3 s
injection, 230 nm, 15 mM NH4OAc, 2�g mL−1 of each analyte and 0.5�g mL−1 of paroxetine, non-queous solution: 30% acetonitrile, 70% methanol.

In the same way, the effect of the concentration of
NH4OAc (10, 15, 20 and 30 mM) on the migration time of
the investigated compounds was studied. As expected, when
the concentration of NH4OAc increases the migration times
of fluoxetine and its metabolite also increase.

A concentration of 15 mM NH4OAc buffer was selected
as optimal since this value maintains good peak shape, low
current (<20�A) and the better resolutions between peaks
for all the studied drugs.

3.1.4. Effect of the applied voltage
The effect of the voltage applied from 5 to 30 kV (steps

of 5 kV) was investigated. A voltage of 25 kV yielded
the best compromise in terms of lower migration times
and higher corrected areas and resolutions. Voltages higher
than 25 kV generate currents higher than 20�A, which
permit a bubble formation into the capillary and current
courts.

3.1.5. Optimisation of injection time
In order to decrease the detection limits, the injection time

was varied between 3 and 11 s (steps of 2 s). As expected,
when the injection time increased the peak area of all com-
pounds also increased, but for injection times higher than 5 s
a is rea-
s The
p

3.1.6. Effect of temperature
Changes in capillary temperature can cause variations in

efficiency, viscosity, migration times, injection volumes and
detector response. The effect of temperature on the separation
was investigated in the range 18–30◦C (18, 20, 25 and 30◦C).
As temperature increases, the viscosity of buffer decreases,
so the resistance of the buffer decreases, and as the electric
field is constant, the current increases. The decrease in the
migration times of the drugs at higher temperatures results in
poor resolutions between fluoxetine and norfluoxetine. The
temperature selected was 25◦C because it results the best
resolution with a current level <20�A.

3.2. Solid-phase extraction (SPE) of the human urine
samples

Due to the presence of a large quantity of various interfer-
ing compounds and the low concentration of the drugs under
study, it was necessary to extract the compounds of interest
in order to obtain a cleaner electropherogram. C18 cartridges
were used to extract the studied drugs from the human urine.
Variables such as organic solvent, washing stages using dif-
ferent solvents, organic-water ratio for elution of the analytes
free from interferences, and final volume of the extract, were
studied.

car-
t usly
w and
loss of resolution between peaks was observed. For th
on, 5 s of injection time was chosen as optimal value.
ressure of injections was always 0.5 psi.
A cleaner electropherogram was obtained when the
ridge charged with the urine sample had been previo
ashed with 8 mL of 10 mM phosphate buffer (pH 7.0)
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Fig. 5. Electropherogram of the extract from urine (6 mL) obtained with the final selected conditions, and spiked with 0.1�g mL−1 of fluoxetine and norflu-
oxetine, and 0.5�g mL−1 of paroxetine (I.S.). Experimental conditions: 25 kV, 5 s injection, 230 nm, 15 mM NH4OAc, 7:3 (v/v) methanol-acetonitrile.

2 mL of a 30% methanol–water solution in order to minimise
interferences. After that, fluoxetine and norfluoxetine were
eluted with 2 mL of methanol. The maximal capacity of the
cartridge was investigated and established 10 mL, therefore,
it was possible to preconcentrate five times.Fig. 5shows the
electropherogram corresponding to the methanolic extracts
from 6 mL of urine sample spiked with 0.1�g mL−1 of flu-
oxetine and norfluoxetine, and 0.5�g mL−1 of paroxetine
(I.S.).

3.3. Validation of the electrophoretic procedure

3.3.1. Stability of the solutions
The stability of the standard and test solutions of fluoxe-

tine, its metabolite norfluoxetine and paroxetine (the internal
standard), was determined by comparing the response fac-
tors (concentration/average peak areas) of triplicate solutions
stored at 4◦C, in darkness, with those of freshly prepared trip-
licate solutions. A concentration difference of less than 2%
was found between the standard solution freshly prepared
and the solutions prepared 7 days before. In this way, stock
standard solutions of fluoxetine, norfluoxetine and paroxetine
were checked and found to be stable for at least 2 months.

The stability of spiked urine extract containing the three
compounds was evaluated by comparing the relative peak ar-
e shly
p le for
a ACE

analysis be carried out immediately after the extraction
step.

3.3.2. Linearity
The linearity of the response was examined by the injec-

tion of seven spiked urine samples after SPE treatment. The
linearity was tested over the range from 0.1 to 2.0 mg L−1 for
each analyte in the urine (6 mL of urine samples). In all the
cases 0.5 mg L−1 of paroxetine was added as internal stan-
dard. The results were given in terms of relative peak areas.
The linear regression equations obtained using the least-
squares method and coefficients of correlation are presented
in Table 1. The satisfactory coefficients of correlation con-
firm that fluoxetine and norfluoxetine responses were linear
over the concentration range studied. The slope of this cali-
bration graph was compared with another calibration graph
in methanol by applying an ANOVA test, and it was found not
significant differences between them for a significant level of
0.05, then it is possible to determine fluoxetine and norfluox-
etine directly by using a calibration graph in methanol (there
is not matrix effect).

3.3.3. Precision
The precision of the proposed method is expressed in terms

of relative standard deviation (R.S.D.).
trac-

t rine
s e
as obtained at different time intervals with those of a fre
repared extract. It was found that the extract was stab
t least 2 h. For this reason, it is recommended that N
In order to test the precision of the overall process (ex
ion, preconcentration and NACE step) five different u
amples spiked with 1 mg L−1 of fluoxetine and norfluoxetin
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Table 1
Linearity (n= 7) in urine samples

Fluoxetine Norfluoxetine

Equationa y = (−0.24± 0.19) + (6.55± 0.17)x y= (−0.24± 0.17) + (5.03± 0.15)x

Coeff. of determ. (r2) 0.9967 0.9955
LOD (�g L−1) 6 mL urine 10 10
LOQ (�g L−1) 6 mL urine 32 35
LOD (�g L−1) 10 mL urine 4 5
LOQ (�g L−1) 10 mL urine 13 16

LODs and LOQs for the two studied drugs.y= (a ±Sa) + (b ±Sb)x. a, intercept; Sa, standard deviation of intercept; b, slope; Sb, standard deviation of slope.
a Concentration (x, mg L−1) vs. relative peak area (y).

and 0.5 mg L−1 of paroxetine (I.S.) were carried out sequen-
tially. The precision of the migration times and relative peak
area were good with a RSD between 0.27 and 0.28% for mi-
gration times and between 2.59 and 3.10% for relative peak
areas.

3.3.4. Specificity
Specificity can also determined by measurement of peak

homogeneity. Because of the different techniques available in
a DAD are not equally effective for the detection of possible
impurities or interferences in an electrophoretic peak, the use
of several techniques is recommended[35].

In this work the techniques used to validate the peak purity
of the studied compounds present in urine samples were[36]:

• Normalization and comparison of spectra from different
peak sections.

F
2

• Absorbance at two wavelengths.

Both techniques proved a high level of purity of the peaks
corresponding to the compounds studied in urine. Therefore,
no interferences by matrix effect were observed.

3.3.5. Limit of detection (LOD) and limit of
quantification (LOQ)

The limits of detection (LODs) and quantification (LOQs)
were calculated by measuring the noise in different blanks,
and taking into account a factor of 3 and 10 for LODs and
LOQs, respectively, and by using standards obtained in order
to convert to concentration units.

The LODs and LOQs have been calculated taking into
account the overall process (extraction, preconcentration and
NACE step), and by passing 6 and 10 mL of urine samples
(Table 1).
ig. 6. Time course of urine fluoxetine and metabolite levels in a volunteer r
30 nm, 15 mM NH4OAc, 7:3 (v/v) methanol-acetonitrile.
eceiving 20 mg of the drug orally. Experimental conditions: 25 kV, 5 s injection,
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Table 2
Recovery of human samples

Sample Added (�g mL−1) % Recovery

Fluoxetine Norfluoxetine Fluoxetine Norfluoxetine

1 1.0 1.0 89 90
2 1.0 0.4 85 99
3 0.4 1.0 93 91
4 0.6 1.2 94 92
5 1.2 0.6 87 92
6 0.4 0.4 99 97

3.3.6. Recovery
In order to test the accuracy of the proposed method, sev-

eral aliquots of fluoxetine and norfluoxetine standard solu-
tions were added into human urine samples of three women,
two men and one pregnant woman. These samples were
analysed using the extraction, preconcentration and elec-
trophoretic procedures described above. As may be observed
in Table 2, good results were obtained. Recoveries were cal-
culated by using the calibration graph.

3.4. Applications

3.4.1. Pharmacokinetic study
An unique pharmacokinetic study was performed during a

day by analysing urine samples of a volunteer receiving 20 mg
of the drug orally (Prozac). The concentration of fluoxetine
and norfluoxetine found using this method at different interval
times are shown inFig. 6.

For this study 10 mL of urine was loaded to the SPE car-
tridge and was eluted with 2 mL of methanol, in this way, the
concentration was five times bigger than the original concen-
tration.

4. Conclusion

has
b tabo-
l tes
h ore-
s n of
p eous
c CE
p anal-
y sition
a reso-
l eous
C n-
a p-
p ribed
m

cen-
t tion
o en-
t val-

idated for the analysis of them in human urine without any
matrix interference. It has been demonstrate the reliability
of the electrophoretic procedure for its desired application
by means of the experimental results like linearity, accuracy,
specificity, sensitivity and precision.

Acknowledgements

The authors are grateful to the DGES of the Ministerio
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