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H igh-performance liquid chromatography–mass spectrometry
method for the determination of paroxetine in human plasma
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Abstract

A rapid and specific liquid chromatographic mass spectrometric (LC–MS–MS) method has been developed for the
determination of paroxetine in human plasma. The procedure involves a liquid–liquid extraction of paroxetine and fluoxetine
(internal standard) with cyclohexane–ethyl acetate. The standard curve was linear over a working range of 0.2–50 ng/ml.
The lower limit of quantitation was 0.2 ng/ml. No endogenous compounds were found to interfere with the analysis. The
absolute recovery was 70.8% for paroxetine and 84.1% for the internal standard. The accuracy of inter-assay and intra-assay
accuracy was in the ranges24.8 to 20.5% and23.4 to 4.8%, respectively. This method proved to be suitable for
bioequivalence studies by being simple, selective and reproducible.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction and undergoes extensive first pass metabolism that is
partially saturable [1].

Paroxetine is a potent and selective serotonin Several chromatographic methods have been de-
reuptake inhibitor (SSRI), indicated for the treat- veloped to measure SSRI’s in serum or plasma.
ments of depression, obsessive-compulsive disorder, Among the methods reported in the literature, are gas
panic disorder and social phobia [1]. Paroxetine is a chromatography (GC) with nitrogen–phosphorus
phenylpiperidine derivative that is chemically unre- detector (NPD), electron-capture detector (CED) or
lated to the tricyclic or tetracyclic antidepressants mass spectrometry detection [5–8]. These GC meth-
[2]. Paroxetine is both a substrate and an inhibitor of ods involved a derivatization procedure. HPLC with
cytochrome isoenzyme P450 2D6. This can give rise UV [2,9,10] or fluorescence detection [4,11–16]
to drug–drug interactions and wide inter-individual have reported detection limits ranging from 5 to 15
variations [3,4]. Paroxetine is well absorbed orally ng/ml. The run time ranged from 8 to 30 min.

In this paper, we present a rapid, specific and
sensitive method for the determination of paroxetine*Corresponding author. Tel.:11-514-340-5040; fax:11-514-
in human plasma. This validated method requires an342-4118.
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traction. It allows a low detection limit (0.2 ng/ml) tuted in 0.1 ml reconstitution solution consisting of
and short runtime (2 min). It also provides excellent acetonitrile–0.05% formic acid in water (1:1), and
reproducibility which makes it suitable for bioequiv- then injected (8ml) into the LC–MS–MS.
alence and pharmacokinetic studies.

2 .4. Chromatography and quantitation

2 . Experimental The chromatographic system consisted of an Agil-
ent 1100 HPLC system coupled to a PE Sciex API

2 .1. Materials 2000 Mass Spectrometer. The separation was
achieved by using a 5032.1 mm, 4mm Genesis C18

Paroxetine HCl and fluoxetine HCl were obtained column with a mobile phase consisting of
from Pharmascience (Montreal, Quebec, Canada). acetonitrile–5 mM ammonium formate (4:3, v /v).
The drug-free human plasma was obtained from The mobile phase was delivered into the LC–MS–
Biological Specialty (Colmar, PA, USA). The formic MS system at a flow-rate of 0.22 ml /min. The total
acid was obtained from BDH. HPLC grade water run time was set at 2.2 min.
was supplied from an in-house Nano-pure water A Sciex API 2000 mass spectrometer (Concord,
purification system. All other chemicals were pur- Canada) equipped with an ion-spray source was used
chased from Fisher (Nepean, Ontario, Canada). to obtain the mass spectra. Positive mode was used

for the analysis. The data acquisition was carried out
2 .2. Stock solutions and standards by Analysis 1.1 software. A product ion scan was

performed on both paroxetine and internal standard.
Stock solutions of paroxetine and fluoxetine (inter- The strongest fragment of each compound was

nal standard) were prepared by mixing appropriate selected and used as Q3 ion to be monitored. MRM
amounts of paroxetine or fluoxetine with methanol to was performed on the mass transition ion-pair of
a final concentration of 0.1 mg/ml. The stock 330.1→192.2 for paroxetine and 310.1→148.1 for
solutions were stored at22065 8C. A set of seven internal standard. Unit resolution was used for both
non-zero calibration standards, ranging from 0.2 to Q1 and Q3 mass detection. The ion source parame-
50 ng/ml was prepared by spiking the drug-free ters were set as follows: curtain gas540 p.s.i.,
human plasma containing EDTA with an appropriate collision gas56 p.s.i., ion spray voltage54250 V,
amount of paroxetine. The quality control samples at temperature53508C, ion source gas 1565 p.s.i. and
three concentration levels (0.6, 7.5 and 30 ng/ml) ion source gas 2575 p.s.i.
were prepared in a similar manner to the calibration A peak area ratio method was used for quantita-
standards. Drug-free human plasma was tested be- tion. The paroxetine concentration in human plasma
fore spiking to ensure that no endogenous interfer- samples was determined by a seven-point standard
ence was found at retention times of paroxetine and curve that was analyzed with weighted least squares
fluoxetine. linear regression. The retention times of paroxetine

and fluoxetine were 1.3 and 1.6 min, respectively.
2 .3. Extraction procedure for plasma samples

A 0.5-ml aliquot of human plasma was placed into 3 . Results
a screw cap glass tube. Then, 0.1 ml of internal
standard working solution (160 ng/ml fluoxetine) 3 .1. Limit of quantitation, linearity and precision
and 0.5 ml of 0.5M sodium phosphate dibasic buffer
were added and the mixture was vortexed for 3 s; 7 The limit of quantitation (LOQ) in human plasma
ml of extraction solvent was then added. The mixture for paroxetine was 0.2 ng/ml. Over a concentration
was shaken and centrifuged at 3000 rpm for 15 min. range of 0.2–50 ng/ml, a linear response was
The organic layer was then evaporated to dryness observed for the peak area ratio versus concentration
under a nitrogen evaporator at 4065 8C, reconsti- for paroxetine. The correlation coefficients were
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Table 1 Table 2
Summary of paroxetine calibration standards Inter-assay precision of paroxetine in human plasma

Concentration Concentration R.E. C.V. n Concentration Concentration R.E. C.V. n
added (ng/ml) found (ng/ml) (%) (%) added (ng/ml) found (ng/ml) (%) (%)

0.2 0.195860.00172 22.1 0.9 5 0.60 0.596960.02096 20.5 3.5 18
0.4 0.409060.00865 2.3 2.1 5 7.50 7.264760.19020 23.1 2.6 18
1.0 1.043660.01360 4.4 1.3 5 30.0 28.574161.01114 24.8 3.5 18
5.0 5.069060.04486 1.4 0.9 5

R.E., relative error; C.V., coefficient of variation.10.0 10.099060.22147 1.0 2.2 5
40.0 38.333460.41957 24.2 1.1 5
50.0 48.609860.75276 22.8 1.5 5

quality control samples on five different occasions.R.E., relative error; C.V., coefficient of variation.
The inter-assay precision was between 2.6 and 3.5%
as shown in Table 2. The intra-assay precision was
determined by analyzing six replicates of LOQ and
quality control samples extracted on the same day.greater than or equal to 0.9981. The coefficient of
The intra-day precision for the quality control sam-variation of calibration standards was in the range of
ples (0.60, 7.50 and 30.0 ng/ml) was between 1.40.9–2.2%. The detailed results for the paroxetine
and 4.0%, and for the LOQ (0.20 ng/ml) was 0.5%.calibration samples are presented in Table 1.
Detailed results for the intra-assay precision andThe inter-assay precision and accuracy were de-
accuracy are described in Table 3.termined by analyzing five calibration curves with

Fig. 1. Representative chromatogram for extracted blank plasma sample.
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Table 3 Table 4
Intra-assay precision of paroxetine in human plasma Extraction yield of paroxetine and internal standard

Concentration Concentration R.E. C.V. n Description Extraction C.V. n
added (ng/ml) found (ng/ml) (%) (%) yield (%) (%)

0.20 0.209560.00096 4.8 0.5 6 Low QC (0.60 ng/ml) 65.9 5.7 6
0.60 0.583360.02321 22.8 4.0 6 Mid QC (7.50 ng/ml) 69.9 2.0 6
7.50 7.319360.10387 22.4 1.4 6 High QC (30.0 ng/ml) 76.6 3.4 6

30.0 28.990260.41138 23.4 1.4 6 Internal standard (fluoxetine) 84.1 4.0 18

R.E., relative error; C.V., coefficient of variation.

3 .2. Recovery 3 .3. Specificity

Paroxetine recovery was assessed by comparing
the peak area of six replicates of extracted QC Screening of six different sources of drug-free
samples (at low, mid and high range) to reference human plasma showed no endogenous interference at
QC samples prepared in solutions at the same the retention times of paroxetine and the internal
concentration levels. Concentrations of the six repli- standard. A chromatogram of extracted blank human
cates were 0.60, 7.50 and 30.0 ng/ml. The overall plasma sample as well as representative chromato-
recovery of paroxetine was 70.8%, while the re- grams of extracted calibration sample at the lower
covery of the internal standard (fluoxetine) was limit of quantitation (LOQ) and high QC samples are
84.1%. Results are shown in Table 4. provided in Figs. 1–3.

Fig. 2. Representative chromatogram for extracted LOQ sample.
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Table 5 plasma samples that were injected immediately (time
Minimum stability of paroxetine under various storage conditions 0) with the samples that were re-injected 76 h after
Conditions Stability sitting in the autosampler at 462 8C. Evaluation was

based on back-calculated concentrations.Short term (bench top) At least 2 h at room temperature
In-process At least 2 h at room temperature The freeze–thaw stability test was also evaluated
Autosampler At least 76 h at 462 8C and showed that paroxetine in human plasma is
Freeze–thaw Three freeze/ thaw cycles stable for at least three freeze–thaw cycles. The test
Long term (frozen sample) At least 69 days at22065 8C

involved a comparison of replicate stability samples
which had been frozen and thawed three times with a
fresh plasma sample that had been thawed only once.3 .4. Stability

Long-term (frozen plasma sample) stability
evaluation involved an analysis of the low, mid andThe stability of paroxetine was evaluated under
high quality control samples that were stored atthe conditions described in Table 5. Both bench top
22065 8C for 69 days, together with freshly spikedstability tests and in-process stability tests showed
calibration standard and quality control samples. Thethat paroxetine in human plasma is stable for at least
analysis was carried out on the same day.2 h at room temperature.

The stability of extracted paroxetine and internal
3 .5. Applicationstandard in reconstitution solution (processed sample

stability) showed that processed samples are stable at
The method described in this paper was applied to462 8C for at least 76 h. The processed sample

a bioequivalence study that generated over 1400stability was evaluated by comparing the extracted

Fig. 3. Representative chromatogram for extracted highest QC sample.
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within 4 h. This method is suitable for bio-equival-
ence/bio-availability studies with controlled subject
selection. It is important to make sure the subjects
are not on the anti-depressant fluoxetine to avoid
possible interference.
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