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a b s t r a c t

A three-phase, liquid-phase microextraction using a hollow fibre (HF-LPME) combined with high per-
formance liquid chromatography-fluorescence detection (HPLC-FL) was developed for the analysis of
fluoxetine (FLX) and its active metabolite, norfluoxetine (NFLX), in human plasma. An HF-LPME system
using a disposable 7-cm polypropylene porous hollow fibre, 5 mL of alkaline plasma solution (donor
phase), n-hexyl ether (extraction solvent) and 20 mM hydrochloric acid (acceptor phase) was used in
the extraction. The method was validated after optimisation of several parameters that influence LPME
efficiency. A reverse-phase LiChrospher 60 RP-Select B column (125 mm × 4 mm, 5 �m particle size) was
used with 0.005 M sodium acetate buffer (pH 4.5) and acetonitrile at a 50:50 (v/v) as the mobile phase at
a flow rate of 0.6 mL min−1. In these conditions satisfactory chromatographic resolution and efficiency for
the analytes were obtained. Fluorescence detection at 230 nm excitation wavelength and 290 nm emis-
sion wavelength was performed. Linearity over a range of 5–500 ng mL−1, with determination coefficients
(R2) of 0.9999 and 0.9962 for FLX and NFLX, respectively, was established. Venlafaxine was used as the
internal standard for both analytes. Extraction recoveries from plasma samples were 70.9% for FLX and
59.7% for NFLX. The intra-day coefficients of variation (CVs) were below 5.4%, and inter-day CVs were
below 13.0%, for both analytes at concentrations of 20, 80 and 160 ng mL−1. HF-LPME extraction followed
by HPLC-FL detection for FLX and NFLX analyses demonstrated excellent sample clean-up and selectiv-

ity. This method was simple, cheap, and easy to perform, yielding substantial analytes enrichment. The
method was applied to the analysis of samples from 12 patients under fluoxetine treatment and proved
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. Introduction

Fluoxetine (FLX), N-methyl-3-phenyl-3-(2,2,2-trifluoro-p-
olyloxy) propylamine hydrochloride, is an antidepressant that
electively inhibits the reuptake of serotonin in presynaptic neu-
ons [1]. Fluoxetine has also been used for a variety of disorders, in
ddition to depression, since its introduction in 1988 [2]. The FLX
osage administered to depressed patients varies between 20 and
0 mg day−1 [3] and its therapeutic plasma concentration is in the
ange of 50–500 ng mL−1 [4].
Fluoxetine is extensively metabolised in human beings by
emethylation in the liver, via the CYP2D6 cytochrome P450 sys-
em, to its primary active metabolite norfluoxetine (NFLX). The
alf-lives of FLX and NFLX are approximately 1–4 days and 7–10
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days, respectively [5]. FLX is rapidly absorbed after oral administra-
tion and its bioavailability is around 70%. This drug is extensively
bonded to plasma proteins at levels approximately 94% [6].

Several methods have been published for the determination of
FLX and NFLX in biological fluids for therapeutic drug monitoring,
bioavailability studies and toxicological purposes. Determination of
FLX and NFLX in biological samples involves an initial sample pre-
treatment step for target analyte isolation. Most procedures use
liquid–liquid extraction (LLE) [7–14] and solid-phase extraction
(SPE) [15–18] techniques prior to high performance liquid chro-
matography (HPLC) [8–11,13,14,16], gas chromatography [7,15] or
capillary electrophoresis [19].

LLE is considered a tedious, time-consuming procedure, which

can produce emulsions and requires large amounts of high purity
organic solvents for analyte extraction [20]. SPE techniques often
introduce artefacts into the sample extracts and can require
lengthy processing (i.e., washing, conditioning, eluting and drying)
[21].

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:marelisa@unifal-mg.edu.br
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Fig. 1. Structures of fluoxetine (1), norfluo

Recently, miniaturised techniques, such as solid-phase microex-
raction (SPME) using fibre [22] or stir bars (stir bar sorptive
xtraction, SBSE) [23,24], have been developed for sample prepa-
ation. These aim at the analysis of FLX and other antidepressants
n biological fluids. SPME and SBSE require a small sample volume;
owever, they require a solvent desorption step when coupled to
PLC. This is necessary to extract all absorbed analytes and avoid

arry-over effects.
Hollow-fibre based liquid-phase microextraction (HF-LPME) is

n isolation technique that was introduced by Pedersen-Bjergaard
nd Rasmussen in 1999 [25]. This technique is based on the use
f disposable, porous, hollow fibres made of polypropylene. HF-
PME combines extraction, concentration and sample clean-up in
ne step.

The basic principles of this technique have been clearly
escribed in previous reviews [26–29]. There are two modes of
F-LPME, including two- and three-phase modes. In the two-
hase mode, the sample solution is one phase (donor phase) and
he organic solvent, supported by the fibre and within its lumen,
s another phase (acceptor phase). In three-phase mode, analyte
xtraction occurs using three liquid phases, including: (1) the
ample solution (donor phase), where pH is adjusted to keep com-
ounds neutrally charged, (2) the organic extractor phase, which is

mmobilised in fibre pores, and (3) the receiving aqueous phase
acceptor phase), with a pH that is adjusted to ionise the ana-
ytes. Compounds in their non-ionised form are extracted into the
rganic solvent and are subsequently back-extracted into the accep-
or phase, which can be directly analysed via HPLC [30–32].

Sample extracts in this technique do not require further concen-
ration prior to analysis, owing to the small volume of extracting
olvent used. Additional advantages of HF-LPME are its tolerance to
wide pH range, as well as its application in assays that are not suit-
ble for SPE or SPME. Sample carry-over can be avoided because the
ollow fibres used in HF-LPME are cheap, making them affordable
o dispose of after a single use [33].

HF-LPME has proven to be very useful for the extraction of drugs
nd metabolites in biological matrices. This is achieved through
he concentration and enrichment of low concentration drugs from
iological samples. A recent review of the application of HF-LPME
o the analysis of drugs in biological matrices was published by De
liveira et al. [34].
The goal of this study was to develop and validate a sam-
le preparation method using three-phase HF-LPME, coupled to
PLC-fluorescence detection, to analyse fluoxetine and its active
etabolite, norfluoxetine, in plasma samples at the ng mL−1

evel. Investigated extraction parameters included: organic sol-
(2) and internal standard, venlafaxine (3).

vent, extraction time, stirring rate, type and pH of acceptor
solution, pH of sample solution, use of salt and organic modifier.
Ultimately, the optimised and validated method was applied to
determine FLX and NFLX in plasma from patients under fluoxetine
treatment.

2. Experimental

2.1. Reagents and standard solutions

Fluoxetine hydrochloride and norfluoxetine hydrochloride were
purchased from Sigma–Aldrich (St. Louis, USA). Venlafaxine
hydrochloride was obtained from Wyeth (Steinheim, Germany)
(Fig. 1). HPLC-grade acetonitrile was purchased from Vetec
(Rio de Janeiro, Brazil). HPLC-grade methanol and ethanol were
obtained from J.T. Baker (Philipsburg, USA). Analytical-grade sol-
vents were utilised, including n-octanol and n-hexyl ether from
Sigma–Aldrich (St. Louis, USA), n-hexane from Mallinckrodt (Paris,
USA), and toluene from Vetec (Rio de Janeiro, Brazil). The follow-
ing other chemicals were used: sodium acetate from Proquimios
(Rio de Janeiro, Brazil), acetic acid and sodium chloride from
Impex (Contagem, Brazil), ammonium acetate from Ecibra (São
Paulo, Brazil), sodium dihydrogen phosphate from Dinâmica
(Diadema, Brazil), sodium hydroxide from Labsynth (Diadema,
Brazil), hydrochloric acid from Vetec (Rio de Janeiro, Brazil), and
perchloric acid from Reagen (Rio de Janeiro, Brazil). All aque-
ous solutions were prepared with purified water, which was
obtained using a MILLI-Q apparatus (Millipore Corporation, Bed-
ford, USA).

Stock solutions of FLX, NFLX and venlafaxine (VLX) were
prepared in methanol at 1 mg mL−1, with working solutions at
10 �g mL−1, using the appropriate dilution factor in methanol. Solu-
tions were stored at −20 ◦C and protected from light, allowing them
to remain stable for at least 5 weeks [35].

2.2. Chromatographic system

Sample analyses were performed on a Shimadzu model LC-
10AV (Kyoto, Japan) HPLC that was equipped with a LC-10AD
pump, a CTO-10AS VP column oven, Sil-10 AF automatic injector
(50 �L loop), a SPD-10AVP UV detector and RF-10AXL fluorescence

detector. The better chromatographic conditions were established
and included a LiChrospher 60 RP-Select B reverse-phase column
(125 mm × 4 mm, 5 �m particle size) from Merck (Darmstadt, Ger-
many), operating at 25 ◦C. The mobile phase consisted of 0.005 M
sodium acetate buffer (pH 4.5) and acetonitrile in a 50:50 (v:v) mix-
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ure at 0.6 mL min−1 flow rate. The fluorescence detector was set at
30 nm (excitation) and 290 nm (emission).

.3. LPME procedure

The LPME system consisted of a plasma solution (donor),
xtracting solvent and acceptor solution. A 1 mL sample was placed
n a conventional 5 mL vial (Supelco, Bellefonte, USA) and its pH was
djusted using 100 �L of 5 M sodium hydroxide solution. The sam-
le was diluted with ultrapure water to a total volume of 5.0 mL. All
PME experiments were performed using Accurel Q3/2 polypropy-
ene hollow fibre membranes (600 �m I.D., 200 �m wall thickness
nd 0.2 �m pore size) from Membrana (Wuppertal, Germany).
hese were in a “U” format, as described previously [25,32,33]. The
ollow fibre was manually cut to 7 cm and employed for LPME.
yringes (25 and 50 �L) with 22 s gauge, bevel tip needles (Hamil-
on, Reno, USA) were used to connect hollow fibre ends. One syringe
erved to introduce the acceptor solution, while another was used
or collection of the final extract. Prior to extraction, the extracting
olvent was immobilised in the pores of the hollow fibre. This was
erformed by dipping the fibre into n-hexyl ether for 10 s, followed
y immersion in an ultrasonic water bath for 15 s to remove excess
olvent. Subsequently, 20 �L of acceptor solution was injected into
he hollow fibre and the assembly was immersed into the sample
irectly. During extraction, samples were stirred using 1 cm mag-
etic bars (Sigma–Aldrich, St. Louis, USA). After extraction, 20 �L
f the acceptor solution was retracted into a 50-�L microsyringe
nd diluted to 100 �L with mobile phase. An aliquot of 50 �L was
njected into the chromatographic system. Three samples were pro-
essed at the same time.

.4. Method validation

To estimate the validity of the present method, human plasma
amples were spiked with FLX and NFLX at concentrations of 5.0,
0.0, 30.0, 50.0, 100.0, 200.0 and 500.0 ng mL−1, as well as with
0 ng mL−1 of the internal standard, venlafaxine (six replicates per
oncentration). These samples were prepared and analysed using
he optimised LPME procedure. Calibration curves were plotted
ith peak area ratios of analyte and I.S. versus analyte concentra-

ion. The limit of quantification was determined at a signal-to-noise
atio of 10 (S/N = 10).

Intra-day precision was evaluated via the analysis of FLX-
nd NFLX-spiked samples at concentrations of 20.0, 80.0 and
60 ng mL−1 (n = 6 per concentration). Inter-day precision was car-
ied out for the same concentrations as above, analysing the
amples over three subsequent days. The results were expressed
s coefficients of variation (%).

Accuracy was established by spiking plasma samples with 20,
0 and 160 ng mL−1 of FLX and NFLX (n = 3 per concentration). After
PME extraction and chromatographic analysis, results were com-
ared to the theoretical added values. Recovery was calculated from
lasma samples spiked with 10, 50 and 200 ng mL−1 of FLX and
FLX, in triplicate for each concentration. These recoveries were

ubmitted for analysis via HF-LPME/HPLC-FL and the results were
ompared with those obtained by direct acceptor phase addition of
he same analyte quantities.

Selectivity of the method was evaluated by analysing spiked
lasma samples that were obtained from six individuals, four
ormal samples, one haemolysed and another lipaemic. The chro-

atography behaviour of other drugs (i.e., diazepam, nordiazepam,

affeine and nicotine) added to the plasma and submitted to the
ethod was also verified. The stability of analytes in the acceptor

cidic phase was studied for a period of 12 h, with chromatography
eing performed every 2 h.
d Biomedical Analysis 51 (2010) 170–177

2.5. Plasma samples

Drug-free human plasma samples used for LPME optimisation
and method validation were provided by healthy volunteers. Real
plasma samples were collected from 12 patients under treatment
with fluoxetine at doses varying between 20 and 80 mg day−1.
Blood samples from these volunteers were collected immediately
prior to drug administration (minimum plasma concentration).
All patients signed a written and informed consent term prior
to the investigation and the study was approved by the Ethics
Committee of the Federal University of Alfenas (protocol number
23087.002103/2007-81).

All blood samples were collected in Vacutainer heparinised
tubes (Becton Dickinson, Meylan, France). These were subsequently
centrifuged for 15 min at 560 × g and the plasma samples were
stored at −20 ◦C for no longer than 2 weeks. Stability studies of
FLX in plasma samples were conducted by Binsumait et al. [35]
that related good stability at least for 2 weeks when the samples
are kept at −20 ◦C.

3. Results and discussion

Fig. 2 shows chromatogram of FLX, NFLX and VLX (internal
standard) extracted from plasma by LPME, using the optimised
chromatographic conditions established for this analysis. The
retention time of antidepressants were: 10.5 ± 0.3 (VEN, I.S.),
15.3 ± 0.4 (NFLX) and 19.1 ± 0.3 (FLX) min. System suitability
parameters of the chromatographic analysis, including adequate
efficiency (theoretical plates, N, above 2000) and resolution (Rs ≥ 2),
as well as tailing factor (TF ≤ 2) and capacity factor (k′ > 2),
were adequate according to USA-FDA recommendations [36]. A
method for FLX and NFLX analyses in plasma must present high
detectability to enable the detection of low analyte plasma con-
centrations (ng mL−1). The use of a fluorescence detector in HPLC,
besides increasing method detectability, results in better method
selectivity.

3.1. Optimisation of the LPME procedure

In this study, parameters related to HF-LPME were optimised
using a batch to batch method for plasma samples containing
50 ng mL−1 of fluoxetine. Optimised parameters included solvent
type, extraction time, stirring rate, sample pH, acceptor phase com-
position and pH, salt and methanol addition.

3.1.1. Selection of the organic extraction solvent
One of the critical steps in LPME is to select an organic solvent

for enrichment of the analytes [37]. In general, the chosen organic
solvent must be immiscible with both the acceptor and donor phase
(sample), compatible with the membrane, of low volatility, and
present good affinity for the analyte to be tested [27]. One advantage
of this technique is that small extraction solvent volumes are used,
taking into account the fibre dimensions. Fluoxetine and norfluox-
etine have a log value for the octanol–water partition coefficients
(log P) of 4.47 and 4.36, respectively [38]. For this study, four sol-
vents were chosen based on their low solubility in water. These
included n-octanol, n-hexane, toluene and n-hexyl ether, as well as
some mixtures of these in different proportions. Each solvent was
tested in triplicate. According to Fig. 3, n-hexyl ether resulted in
higher extraction efficiency and it was thus selected for subsequent
experiments.
3.1.2. Optimisation of sample solution pH
Fluoxetine is a basic drug (pKa = 10.05), as well as its metabo-

lite, NFLX (pKa = 9.05), and the pH of plasma sample solutions is
known to play an essential role in the extraction of basic drugs.
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ig. 2. Chromatogram obtained from plasma spiked with 50 ng mL−1 (1) venlafaxine
I.S.), (2) norfluoxetine and (3) fluoxetine.

nalytes should be in their neutral form, making them extractable
y the organic solvent immobilised in the fibre pore. Four pH
alues were explored in this study, including: 7.0, 9.0, 12.0 and
4.0 (Fig. 4A). The results indicate that a better extraction was
btained at pH 14.0. This pH was subsequently utilised in later
ssays.

.1.3. Effect of extraction time
Extraction in LPME is an equilibrium process, therefore sufficient

ime is needed to permit partitioning of the analyte between the
wo liquid phases. The rate of analyte diffusion through the pores of

hollow fibre also has an influence on the amount of time necessary

or extraction. Analyte partitioning was controlled in three-phase
PME by the physicochemical properties of the analyte, sample
atrix, organic phase and acceptor phase.

ig. 3. Influence of organic solvent type on HF-LPME efficiency. Extraction condi-
ions: 1 mL plasma sample; 100 �L of 5 M NaOH; 3.9 mL purified water; 10% (w/v)
aCl; extraction time = 30 min at 1000 rpm; n-hexyl ether as the solvent; and 20 �L
f 20 mM hydrochloric acid as the acceptor phase.
d Biomedical Analysis 51 (2010) 170–177 173

To investigate the extraction rate, aliquots of the sample solution
were extracted for 20, 30, 40, 60 and 90 min with constant stirring
at 1000 rpm (Fig. 4B). Peak areas increased for each aliquot, up to
the 90 min extraction time, without reaching equilibrium. With a
more viscous sample, the system requires a longer period to reach
equilibrium [39]. As LPME will be used for quantitative purposes,
it is important to determine a time when reproducibility can be
taken into account. On the other hand, a longer extraction time may
allow the organic solvent to dissolve into the aqueous phase, espe-
cially with stirring [40]. Moreover, the excessively long exposure
time necessary to reach the expected equilibrium is not considered
practicable. To obtain better technique applicability, the extraction
is often performed under non-equilibrium conditions [27,37]. Based
on these considerations, an exposure time of 40 min was selected
for later experiments. This was chosen from a practical point of
view, while taking into account the potential to obtain a satisfac-
tory sensitivity (LLOQ 5 ng mL−1) and precision (CV below 20%) for
FLX analysis from plasma samples.

3.1.4. Effect of stirring speed
The extraction kinetics in LPME can be accelerated by stirring,

which facilitates analyte diffusion from donor phase, through the
organic solvent, into the acceptor phase. The stability of the organic
solvent on the outside of the hollow fibre is also affected [33]. Dif-
ferent stirring rates were evaluated to determine their effect on
extraction efficiency (900, 1200, 1400 and 1600 rpm; Fig. 4C). The
results indicate that extraction kinetics increased with increasing
stirring speed, as expected. For later experiments, 1400 rpm was
selected for the stirring rate. This is because, at rates above this
value, the measurement imprecision also increased. Most likely,
this is due to solvent layer disturbances on the outside of the hollow
fibre.

3.1.5. Acceptor phase selection
Fluoxetine is a basic drug, thus the acceptor phase for trap-

ping the analyte should be acidic to guarantee prevalence of the
ionised form. This form does not diffuse back into the organic sol-
vent. Initially three different acids were tested, including: organic
(100 mM acetic acid) and mineral (10 mM perchloric acid and
20 mM hydrochloric acid) acids. The highest analyte recovery was
obtained when using 20 mM HCl. Strong acids generally result
in better recovery of basic analytes for the LPME system. This is
because they improve the ionisation of these compounds [34,41].

3.1.6. Salt addition to the sample solution
Addition of salt to the sample can increase analyte recovery in

microextraction procedures [12,42,43]. In this study, the addition of
sodium chloride at concentrations of 10 and 20% (w/v) was evalu-
ated and the response was compared with that from samples having
no added salt (Fig. 4D). A clear decline in analyte extraction was
observed with salt addition. A similar negative effect was reported
by some authors when using LPME for the extraction of drugs from
plasma [30,32]. Most likely, a high salt concentration modifies the
physical properties of the diffusion film and reduces the rate of
diffusion of analytes into the organic solvent [44].

3.1.7. Optimised extraction procedure
The optimum LPME conditions established for FLX extraction

from plasma samples, based on results discussed above, were: (1)
n-hexyl ether as the organic solvent; (2) addition of a 1 mL plasma

sample with 100 �L of 2 M NaOH, with subsequent dilution to 5 mL
with purified water; (3) 40 min extraction time with a stirring speed
of 1400 rpm; and (4) 20 �L of 20 mM HCl as the acceptor phase.
Under these conditions, FLX and its active metabolite (NFLX) were
extracted from plasma samples.
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Fig. 4. Influence of different parameters on HF-LPME efficiency. (A) Sample pH [extraction conditions: stir speed = 1000 rpm, 35 min; 10% (w/v) NaCl; organic solvent = n-hexyl
ether; and acceptor phase = 20 �L of 20 mM hydrochloric acid], (B) extraction time (extraction conditions: stir speed = 1000 rpm; sample added with 100 �L of 5 M NaOH;
organic solvent = n-hexyl ether; and acceptor phase = 20 �L of 20 mM hydrochloric acid), (C) stirring rate (extraction conditions: sample added with 100 �L of 5 M NaOH,
extraction time = 40 min; organic solvent = n-hexyl ether; and acceptor phase = 20 �L of 20
with 100 �L of 5 M NaOH; stir speed = 1400 rpm with extraction time = 40 min; organic so

Table 1
Precision and accuracy for the analysis of fluoxetine (FLX) and norfluoxetine (NFLX)
in plasma samples.

Concentration (ng mL−1) Precisiona Accuracyb

Intra-dayc Inter-dayd

FLX NFLX FLX NFLX FLX NFLX

20 4.0 5.4 1.5 4.0 −2.1 14.5
80 3.6 4.0 3.0 10.0 7.8 9.0

160 2.1 3.2 7.5 13.0 13.3 16.2

a

3

t
p

3

5

3.2.2. Precision, accuracy and recovery
Precision and accuracy validation data are summarised in

Table 1. The intra-day assay coefficients of variation (CVs) for the
Expressed as coefficient of variation.
b Expressed as deviation from the theoretical values.
c Six replicates per concentration.
d Two replicates per concentration per day, analysed in three subsequent days.

.2. Method validation

Upon optimisation of the chromatography analysis and condi-
ions for LPME extraction, the method was validated to evaluate its

ractical applicability.

.2.1. Quantification limit and linearity
The lowest concentration quantified by the method (LLOQ) was

ng mL−1 for both analytes. This resulted in a signal-to-noise ratio

Table 2
Recovery for the analysis of fluoxetine (FLX) and norfluoxe-
tine (NFLX) in plasma.

Plasma concentration
(ng mL−1)

Mean recovery (%)

FLX NFLX

10 76.9 52.0
50 70.6 67.5
200 65.4 59.6

Mean 70.9 ± 5.8 59.7 ± 7.8
mM hydrochloric acid), and (D) salt addition (extraction conditions: sample added
lvent = n-hexyl ether; and acceptor phase = 20 �L of 20 mM hydrochloric acid).

of 10, as well as CVs of 10.6% (FLX) and 13.1% (NFLX). Linearity
was determined for both FLX and NFLX using a pool of drug-free
plasma that was spiked with the analytes and the internal stan-
dard. Peak area ratios (reference to I.S.) and analyte concentrations
were found to be linear over the range from 5 to 500 ng mL−1. A
least-squares linear regression was used to determine the slope
and intercept. Regression equations and determination coefficients
were: y = 0.0041x − 0.0078 (R2 = 0.9999) and y = 0.0035x + 0.0076
(R2 = 0.9962) for FLX and NFLX, respectively. The large linear range
of concentrations for this method can be satisfactorily applied to
FLX and NFLX in therapeutic drug monitoring. This range can also
be applied in pharmacokinetics or biodisponibility studies of the
drug, even when using sub-clinical doses.
Table 3
Fluoxetine (FLX) and norfluoxetine (NFLX) in plasma from patients treated with FLX.

Sample Dose (mg day−1) Plasma concentration (ng mL−1)

Fluoxetine Norfluoxetine

1 20 42.6 ± 0.01 58.4 ± 0.01
2 20 61.7 ± 0.02 87.9 ± 0.02
3 20 48.9 ± 0.01 142.7 ± 0.01
4 20 37.1 ± 0.03 122.5 ± 0.07
5 20 53.2 ± 0.01 95.0 ± 0.01
6 25 39.2 ± 0.1 54.4 ± 0.1
7 30 149.7 ± 0.05 68.4 ± 0.06
8 40 63.3 ± 0.01 101.8 ± 0.02
9 40 157.5 ± 0.1 187.6 ± 0.1

10 40 206.0 ± 0.2 125.6 ± 0.1
11 60 199.2 ± 0.01 184.2 ± 0.02
12 80 208.7 ± 0.02 234.2 ± 0.01
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Fig. 5. Chromatograms from a (A) blank sample, (B)

wo compounds were lower or equal to 5.4% and inter-day assay
Vs were below 13.0%. Intra-day accuracies for FLX and NFLX were

ound to be between 86.7% and 116.2% for the concentrations eval-
ated. Mean recoveries of FLX and NFLX were, respectively, 70.9%
nd 59.7% (Table 2). These results may be considered relatively high
n comparison with other microextraction methods reported in the

iterature using LPME for drugs in plasma [31,39,45]. Low recover-
es in LPME, compared to LLE extraction, are a common situation
ue to the micro-scale characteristic of the technique [43]. Further-
ore, it should be taken into account that the extraction procedure

ig. 6. Chromatograms from a sample spiked with 500 ng mL−1 fluoxetine and
xtracted by (A) LLE and (B) LPME. The HPLC was equipped with a LiChrospher 60
P-Select B (125 mm × 4 mm × 5 �m) column operating at 25 ◦C. The mobile phase
onsisted of 0.25 M sodium acetate buffer at pH 5.5 and acetonitrile (55:45, v/v) at
flow rate of 1.0 mL min−1. UV detector set at 230 nm.
haemolysed sample, and (C) blank lipaemic sample.

results in high values of enrichment. This method also enables a
direct injection of the total amount of acceptor phase material [29].
Lower values of recovery for more polar metabolites, like norflu-
oxetine, are expected compared to the parent compound. These
show minor affinity toward the organic solvent (n-hexyl ether in
this study).
3.2.3. Selectivity and stability of FLX and NFLX in the acidic
acceptor phase

The selectivity of the method was evaluated by analysing blank
matrices collected from drug-free volunteers both before and after
food ingestion (lipaemic sample). Haemolysed plasma samples

Fig. 7. Plasma sample from a patient treated with 40 mg day−1 fluoxetine. (1) Ven-
lafaxine (I.S.), (2) norfluoxetine and (3) fluoxetine.
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ere also analysed (Fig. 5). No interfering peaks from endogenous
ompounds were observed in the chromatogram. Blank matrices
dded with caffeine, nicotine, diazepam and nordiazepam were also
ested. None of these drugs presented any response to the fluores-
ence detector used. Plasma extracts from LPME were remarkably
lean when compared with extracts from LLE. These were both from
he same sample and analysed under identical HPLC-UV conditions
Fig. 6).

Fluoxetine and norfluoxetine remained stable for at least 12 h
hen kept in auto-injector vials in acceptor solution, mean CVs of

2.6% FLX and 11.5% NFLX.

.3. Application of the method

The described method was employed to analyse fluoxetine and
orfluoxetine in 12 human patients treated with different FLU doses
in mg day−1): 20, 25, 30, 40, 60 and 80. Each sample was analysed
n duplicate and the results, expressed in ng mL−1 ± standard devi-
tion, are presented in Table 3. A representative chromatogram of
plasma sample is shown in Fig. 7.

. Conclusions

The three-phase hollow-fibre liquid-phase microextraction
ethod reported in this paper proved to be simple, cheap, and

onsumed minimal organic solvent. This method presented a high
nrichment and enabled efficient sample clean-up, while yield-
ng very good selectivity. HF-LPME coupled to HPLC-FL offers a
arge linear range, analytical precision, and low quantification limit
5 ng mL−1). This method is thus suitable for routine FLX and NFLX
ssessment in plasma from depressed patients as a means for ther-
peutic drug monitoring
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