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Abstract

A comparison study on fluoxetine (FL) and norfluoxetine (NORFL) quantitation in human plasma was carried out between the recently developec
liquid chromatographic method with fluorescence detection (LC—FLD) and an earlier established liquid chromatography—mass spectrometn
(LC-MS) laboratory procedure. Comparative method evaluation was based on the analysis of plasma samples obtained from Parkinsonian patie!
receiving 20 mg of FL per day. The LC-FLD method involves a two-step liquid extraction procedure without any derivatization, followed by
direct chromatography on a Zorbax C8 reversed-phase column. The analytical results are discussed in terms of the method validation and tl
corresponding experimental protocek{ 0.998; CV <9%; LOQ 2@ug/l). There was good correlation between FL, as well as NORFL, plasma
levels as determined by the LC-MS and LC—FLD techniqued)(9597,N=16 andr=0.9852,N =14 for FL and NORFL, respectively). The
results confirm that direct FL/NORFL fluorimetric determination is acceptable for routine use in pharmacokinetic and clinical studies.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Extraction of FL and NORFL from biological specimens is
easily achieved with either liquid-liquid or solid-phase extrac-
Fluoxetine (FL), a bicyclic derivative of phenyl-propylamine tion (SPE). The recovery values are 75-85% for FL and 65—-70%
[D,L-N-methyl-3-phenyl-3,a,a-trifluoro-p-tolyloxy)- for NORFL in methods using liquid—liquid extraction, and
propylamine hydrochloride], is the drug which belongs to the75-90% for FL and 75-85% for NORFL in SPE methods
group of selective serotonin inhibitors (SSRIs). These drug§l1-13]
enhance serotonergic neurotransmission, but do not inhibit Several methods have been described for the determination of
norepinephrine uptakg1-3]. FL metabolism involvesN- FL and NORFL in human plasma. The most widely used meth-
demethylation to norfluoxetine (NORFL), although there is stillods involve high-performance liquid chromatography (HPLC)
uncertainty about the metabolism of 50% of an administeredvith UV detection[4,11,12,14-18]FL/NORFL levels can also
dose[5—-10]. NORFL, the most important FL metabolite, is a be measured in biological samples using gas chromatography
slightly more potent inhibitor of serotonin neuronal reuptake(GC) coupled with Mg21,22], flame ionizatior{23], electron
than its parent compourid]. capturg24,25]or nitrogen phosphorus detecti@6]. Enantios-
elective methods are growing in number and importance, since
NORFL enantiomers have different potency and a formulation

_— containing a single FL enantiomer is currently under develop-
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step to provide better sensitivity or allow enantioselective anaseries, Agilent). The column was an Eclipse XDB C8

lyte determinatiorf19,20]. (150x 4.6 mm, 5um, Zorbax). The mobile phase contained
Our research group has recently developed a sensitive aratetonitrile/water/triethylamine (35:65:0.4, v/v/v). The pH was

selective HPLC-MS methd@9] used for the analysis of plasma adjusted to 4.00 with glacial acetic acid (approximately 1 ml).

samples from Parkinsonian patients. We were able to calculahromatography was performed at a flow rate of 1.0 ml/min and

pharmacokinetic profiles of the drug after single and multiplethe column temperature was set at’80 The column effluent

dosing and consequently to monitor and assess established phaas monitored at excitation and emission wavelengths of 230

macotherapy in this specific population of patients. The purposand 310 nm, respectively, for a run time of 12 min.

of this study was to evaluate a simple, sensitive, rapid and highly

selective HPLC—FLD method for the determination of FL and2.4. Assay validation

NORFL in human plasma and to compare it to a previously

established HPLC—MS meth¢a9]. Calibration samples were prepared by adding FL and NORFL
solution to blank (“drug-free”) human plasma. The linearity of
2. Experimental the assay was demonstrated on five separate occasions at five

separate concentrations over the range 40+&f0for both FL
Experimental conditions for the iquid chromatography—massand NORFL. The calibration curves were obtained by plot-
spectrometry (LC—MS) method have been described previousting FL and NORFL peak area ratios (FL/IS or NORFL/IS)
[29], so only details of the liquid chromatographic method withagainst the FL and NORFL concentration and analyzed using

fluorescence detection (LC—FLD) are given here. weighted least-square linear regression. The detection limit was
determined for FL and NORFL by extraction of plasma spiked
2.1. Chemicals with decreasing analyte concentrations until a response equiv-

alent to three times the background was obtained. Recovery
Analytical standards of FL ({7H1gF3NO-HCI) and NORFL  was determined for each concentration as the mg&h[).) of
(C16H16F3NO-HCI) were obtained from Eli Lilly (Basingstoke, five samples by comparing the peak areas of extracted and non-
UK). Stock FL and NORFL solutions (1 mg/ml) were preparedextracted samples. Precision is expressed as percentage variation
by dissolving FL and NORFL analytical standards in methanol(coefficient of variation, CV) of the value determined for each
All standards were prepared by further dilution of the stockconcentration inthe calibration curve. Intra-day CV values were
solution with purified water so that application of adequate vol-obtained by analyzing five samples for each FL/INORFL plasma
ume of the standard solution to “drug-free” plasma provided devel on the same day. Inter-day CV values (GWere obtained
series of FL and NORFL concentration covering the range fronfor each drug/metabolite concentration in the same manner, but
40 to 800ug/l. Acetonitrile, hexane, isoamyl alcohol, triethy- on five different days.
lamine and glacial acetic acid were of chromatography-grade
purity. Sodium hydroxide solution (5M) was prepared from2.5. Correlation procedure
the solid substance, which was of analytical grade and used as
received without further purification. Chemicals were obtained Plasma samples were obtained from Parkinsonian patients
from Merck (Darmstadt, Germany). Water purified by a Milli- receiving 20 mg of FL daily. Blood sampling for the determi-
pore Milli-Q system was used for the preparation of all solutionsnation of FL and NORFL plasma levels was carried out before
Proza® capsules (one capsule contains 20 mg of fluoxetinelrug administration (at time zero) and at 4, 6 and 8 h and 14 days

hydrochloride) were manufactured by Eli Lilly. thereafter, and at time zero and 6 h and 7, 45 and 75 days there-
after of chronic treatment with FL. Blood samples (heparin was
2.2. Extraction procedure used as anticoagulant) were centrifuged and plasma was stored

at —20°C until analyzed. Plasma samples previously analyzed
A 60-pl aliquot of aqueous solution of internal standard (IS) using the LC—MS method were then stored agair-20°C

(paroxetine; 10 mg/l) was added to 1 ml of plasma containingand were reanalyzed 9 months later using the LC—FLD method.
40-800u.g/l of FL and NORFL, or to 1 ml of patient plasma. Plasma FL and NORFL levels determined with the two meth-
After the addition of 20Qul of sodium hydroxide solution (5 M), ods were compared and the correlation pattern data was defined
extraction was performed with 5 ml of hexane/isoamyl alcoholusing a linear-correlation procedure.
mixture (97:3, v/v) for 20 min. After centrifugation (10 min)
the organic layer was carefully removed and back extractiod. Results and discussion
was performed with 0.1 M hydrochloric acid (vortex-mixed for

2min). A volume of 10Qul was injected. Representative HPLC—FLD chromatograms of an extracted
blank plasma sample, plasma spiked with FL and NORFL, and
2.3. Liquid chromatography a Parkinsonian patient’s plasma sample are shoviaignL

IS, NORFL and FL were separated and eluted at reten-

The extracts were analyzed using a Hewlett-Packard 110fion times of 3.2, 9.8 and 11.2 min, respectively. With a total
series chromatograph (Agilent), equipped with an auto+un time of 12 min, there were no interfering peaks in patient
matic sample injector and a fluorescence detector (110flasma samples. With this run time, the method is consistent
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Fig. 1. Chromatograms of extracted: (A) blank (drug-free) plasma; (B) plasma spiked with standard mixture of FL, NOREy/[j20@ paroxetine (IS); and (C)
a Parkinsonian patient’s plasma sample (FL = 18.§ NORFL =95.25.9/l).

with other published methods using either UV/FLD detection,been found one direct method with fluorescence detection only.
where separation demands aruntime of at least 8 or even 20 miHpwever, there are several advantages of our method. Firstly, the
or with gas-chromatographic methods, where good resolutiomethod described here is more selective than previously pub-
is achieved within at least 10 min or longirl,15,18,19,26] lished one. This fact is due to the specific 3D detector that has
Consequently, the method described allows the possibility obeen used. The detector provides fluorescence specter for each
analyzing up to 100 samples per day. The LC—FLD described iscompound eluted from column, which is very important when
this paper is a direct method, not including derivatization stepanalyzing biological samples obtained from patients on com-
which allows higher recovery values. In the literature, there habined therapy. That way, it is possible to have great certainty
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in analytical results that are the basis for further pharmacokipatient compliance). Moreover, the LC—FLD method produced
netic analysis. Secondly, our method was more sensitive (LO@esults as reliable as those by the LC-MS method, as judged by
20 and 3Qug/l; for FL and NORFL, respectively) comparing the CV values, which were <9% for both analytical procedures,
to the earlier published one (LOQ 8@/l), which is of great confirming the similar robustness of these methods. The cer-
importance, since FL level in all samples taken from chronicallytainty in identification and determination of FL/INORFL plasma
treated patients, under steady state conditions, can be measutedels was the same for both methods due to the very high selec-
with this HPLC—FLD procedure. It is not a case with the pub-tivity of the detectors used. The lack of analytical interference
lished one (FL steady state plasma concentrations may be rangisdvery important for valid measurement, especially in condi-
between 20 and 30g/1). tions when human subjects are on combined therapy (Parkin-

Drugs that might also be present in patient plasma, such as sonian patients). Finally, it has to be pointed out that although
dopa, biperiden, bromocriptine, phenobarbital, carbamazepineC—MS has recently become a more commonly applied tech-
diazepam (and/or its metabolites), caffeine, salicylates andique, it still cannot be considered standard equipment, espe-
paracetamol (acetaminophen), have been checked for analytially in clinical laboratories, which is a very important practical
cal interference. No interference was found. While treating théssue.
patients with FL some other antidepressant drug (particularly Statistical analysis was performed on the basis of the
from the group of selective serotonin inhibitors) must not beconcentrations in the range of 41.19-11Qu8@ for FL
prescribed. Combined antidepressant therapy is never used aarad 48.17—201.0Qg/l for NORFOL, determined by LC-MS
pharmacotherapy approach in the treatment of depression impind LC—FLD methods. Linear regression showed that results
cating paroxetine to be a preferable substance to be chosen fobtained with the newly established LC—FLD method corre-
IS. lated well with those obtained with the LC-MS methédty, 2).

The regression equations for FL and NORFL weit: Correlation coefficients for concentration values determined by
=0.006% — 0.1425 ¢=0.9985, covering the range 40— the LC-MS and LC—FLD methods were 0.9597 and 0.9852
800pg/l) and Y=0.0061 — 0.1233 ¢=0.9993, covering the for FL and NORFL, respectively. This shows good correlation
range 40-80Q.g/1). between the methods, sinee 0.9. Further analysis showed

The method was found to be reproducible, with intra- andthat the LC—FLD method gave a lower value of 15.56% for FL
inter-day CV values of <7 and <9%, respectively. Due toplasma concentrations compared to the LC-MS method. Since
the extraction step and the high specificity of FLD detec-this difference is not statistically significanP & 0.1), it can
tion, no interfering or late-eluting peaks were found whenbe concluded that LC-FLD is accurate in comparison with the
chromatographing blank plasma samples from six differenteference LC—-MS method. Regarding NORFL levels, the slope
sources. Recovery was high and reproducible, with values ofas 0.9824, which means that results obtained with LC—FLD are
90.75-94.48% and 69.09-83.43% for FL and NORFL, respediigher by 1.75% than those measured with LC-MS. In this case,
tively. CV and recovery values are shownTiable 1 the difference was also not statistically significaft=(0.2).

Correlation between the LC—-MS and LC—FLD methods forCompared to the reference LC-MS method, the accuracy of
determination of FL/INORFL plasma levels is showrFig. 2 the LC—FLD method was also confirmed for metabolite deter-

LC-MS was the more sensitive method. Limit of quantifica- mination. Due to the comparison results obtained, the LC—FLD
tion (LOQ) values, of the LC-MS, were 2.5 andd§/! for FL method can be used instead of LC—-MS and further applied in
and NORFL, respectively. However, the LC—FLD sensitivity is clinical pharmacokinetic investigations of FL and NORFL.
high enough (LOQ 2@.g/l) to allow its routine application in The correlation results can also be used to confirm the stabil-
the determination of FL/INORFL plasma levels in steady-statéty of the samples: no significant loss was observed for analysis
conditions (achieved 2 weeks after therapy initiation), whichof samples stored for 1.5 years-a20°C or after a freeze/thaw
provides good support for different pharmacokinetic requireycle 9 months after they were analyzed for the first time (using
ments (therapy individualization, drug interaction assessmenthe LC—-MS method).

Table 1

Precision (intra-day, CV and inter-day, C\and recovery values: € 5)

Compound Concentratiom@/l) Recovery (%) Xaveragee:= S.D.) CV (%) CV (%)
40 93.24+4.07 4.37 6.70
100 94.48+5.21 5.51 8.23

FL 200 92.14+4.23 4.59 5.12
400 90.75+1.74 1.94 4.22
800 92.1H4.73 5.13 291
40 74.47+5.17 6.94 6.31
100 83.43+5.46 6.54 6.41

NORFL 200 76.54+ 3.37 4.40 4.85
400 76.311.19 1.55 3.66

800 69.09t+2.48 3.59 4.69




376 1. Kovacevic et al. / J. Chromatogr. B 830 (2006) 372-376

140 250
120
100
80
60
40

5 i . 50

20 y = 1.1556x - 82742 y = 0.9879x - 2.0588

200
150 Y
100

HPLC-MC

HPLC-MS

0 0 40 60 8 100 120 0 50 100 150 200 250
(A) HPLC-FLD (B) HPLC-FLD

Fig. 2. Linear regression between FL (A) and NORFL (B) plasma levels, determined by LC-FLD (X-ose) and LC-MS method (¥-0s899(, slope =1.1556,
for FL, andr=0.9852, slope =0.9879, for NORFL).

4. Conclusion [8] P. Vandel, E. Haffen, S. Nezelof, F. Broly, J.P. Kantelip, D. Sechter,
Hum. Psychopharmacol. Clin. Exp. 19 (2004) 293.

This paper describes a rapid, selective and direct LC method®! agé;;zk;é' J. Fang, S. Sinha, R.T. Coutts, Neurosc. Biobehav. Rev. 22
Wlth fluorescence dete(_:tlon for.qua'r?tlflcatlon of FL ar,]d NORFL[lo] A.T. Harvey, S.H. Preskorn, J. Clin. Psychopharmacol. 21 (2001) 161.
in human pl_asma, and its apphcabll_lty to pharmacokinetic studp 1] c.B. Eap, P. Baumann, J. Chromatogr. B. 686 (1996) 51.
ies (determination of drug/metabolite levels under steady-stafe2] J.H. Nichols, J.R. Charison, G.M. Lawson, Clin. Chem. 40 (1994) 1312.
conditions). The method allows a high sample throughput due td3] V. Dixit, H. Nguyen, V.M. Dixit, J. Chromatogr. 563 (1991) 379.
the chromatographic run-time of 12 min. Fluorescence detectiofj4! R-N- Gupta, J. Lig. Chromatogr. 16 (1993) 2751.

id hiah reliability in the identificati d det inati 15] L. LLerena, P. Dorado, R. Berecz, A.P. Gonzalez, M.J. Norberto, A. de
proviaes nign reliapiity In the iaentrication an etermination la Rubia, M. Caceres, J. Chromatogr. B. 785 (2003) 25.

of compounds of interest in plasma samples when patients afgs) j.w. Holladay, M.J. Dewey, S.D. Yoo, Drug. Metab. Dispos. 26 (1998)
on combined therapy. Based on the comparison results obtained, 20.

this method can be used instead of the earlier described LC-M%7] J.W. Holladay, M.J. Dewey, S.D. Yoo, J. Chromatogr. B. 704 (1997)
method and can therefore be applied in a clinical laboratory foy 2%

ther tic drua monitorin llowina individual d timiz {18] G. Tournel, N. Houdret, V. Hedouin, M. Deveaux, D. Gosset, M. Lher-
erapeutic drug monitoring, aflowing ualdose optimiza-= = e 3. Chromatogr. B. 761 (2001) 147.

tion, detection of drug interactions and assessment of patiefilg] R F. Suckow, M.F. Zhang, T.B. Cooper, Clin. Chem. 38 (1992) 1756.
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