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Determination of Paroxetine in Human Plasma by High-
Performance Liquid Chromatography Using 7,7,8,8-

Tetracyanoquinodimethane as the Derivatization Reagent 
Önal emel Aysel Öztunç 

Abstract: A selective and sensitive reversed-phase HPLC 
was developed for the determination of the antidepressant 
paroxetine in plasma. The is based on the purple 

by a reaction of paroxetine with 
(TCNQ) in acetonitrile at 80°C 

for 20 minutes. For the assay, the drug was extracted from I of 
with and , after sample alkalinization, deriva-

tized with TCNQ; then the reaction mixture was directly injected 
into a C 18 column. was used as internal standard. 
The mobile phase was acetonitrile- water (70:30) at a flow-rate 
of 1.0 and the derivatives were eluted at 13.1 and 
15.5 minutes for paroxetine and desipramine, respectively, and 
dctcctcd at 567 11111. Ca librati on curve was found linear over thc 

of 20 400 thc lim it was 2 ng/mL ata 
of 3 1. Recovcrics fnr 3 

81.3'½, 88.1 '1/., . 
values wcre to be 

3.8% 8.2%- 14.6%, respectivcly. With this developed 
mcthod, a pharmacokinetic study was for paroxetine. 
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Antidepressant drugs are widely used for the treatment 
ofa variety of depressive states and ot her psychiatric 

disorders . 1 Selective serotonin reuptake inhibitors 
(SSRis) are the most widely used drugs for the treatment 
of depressive disorders. Paroxetine, a phenylpiperidine 
derivative, is the most potent inhibitor of the reuptake of 
serotoni n (5-hydroxytryptaminc, 5-HT) of all the cur-
rcntly availablc antidcrrcssants including the class of 
SSRls .2 Paroxctinc is by 
P450 2D6 (CYP2D6). Gcnctic of 
CYP2D6 causcs widc intcrindi vidua l variat ions ofsteady-
statc paroxctinc lcvcls after thc dosagc. 3- 5 

Conscquen tl y, the nece! foran analytic proccdure capable 
of both idcntifying and quantifying this drug is grcat in 
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both clinical and studies for cffcctive 
treatments. 6 

For the determination of paroxetinc in serum and 
plasma, various methods have been describcd. These 
methods are based on hi~h-performance liquid chroma-
tography with ultraviolet7- 2 or Ouorescence detection. 13- 18 

gas chromatography, 19•20 and micellar electrokinctic 
capillary chromatography.2 1 Paroxetine has no active 
metabolites. 22 KristolTersen et al 23 devcloped an HPLC 
method to separate paroxctine and its two 
BRL 366 lOA and BRL 36583A, in whole blood, but thcy 
havc not detectcd thesc compounds in the blood samrlc 
from a forensic case. 

To detcrmine amines, chcm ical derivati za tion is 
oftcn uscd to enhancc scnsitivity and sclcctivity and to 

scrarat ion bchavior. dcrivati zation 
reagcnts, fluorogenic or used for 
a liphatic amines rcact also with primary amincs, 
acids, and in some cases, such as dansyl chloride, with 
phenols as well. 

7, 7,8,8-Tetracyanoquinodimethane (TCNQ) has 
been wiclely used as the reagent for visible spcctro-
photometric methods of a num ber of n-electron 
drugs including amines. 24-29 These are bascd on 
the blue-colored TCNQ· - radical anion formed by 
interaction of the drugs (as base) with the rcagcnt in 
acetonitrile at room tempera ture . 

in a previous ~aper,30 we reported that if a 
displacement reaction I takes place between certain 
secondary aliphatic amines and TCNQ, the am ines can 
be ana lyzed by TLC and HPLC through the purple 
clerivativcs formed. Using TCNQ as a dcrivatization 
rcagent for TLC ancl HPLC for thc first time. wc 
dcscribed ncw TLC and 1-1 PLC to dctcct 
antidcprcssants (fluoxctinc, nortriptylinc. maprotilinc. 
paroxetinc, desipramine) in 

As a continuation or thc carlier work, in the prcscnt 
rapcr we describe a highly selcctive new HPLC method for 
determination of the sccondary aliphatic amine- bcaring 
drug paroxctinc in The developcd mcthod was 
applied to a pharmacokinctic study in a hcalthy voluntcer. 

MATERIALS AND METHOD 

Chemicals and Reagents 
Paroxetine hydrochloride (PA) was generous gift 

from Novartis (Basel, Switzerland). Seroxat tablets were 
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products of Novartis (lstanbul, Turkey). The internal 
standard (IS), desipramine hydrochloride (DE), was from 
Sigma (St. Louis, MO, USA), and TCNQ from Fluka 
(Neu-Ulm, Germany). Chemicals and solvents were 
of analytic or HPLC grade. Water was purified by 
aquaMax ™-ultra (Young Lin Instrument, Korea) water 
ultrapurification system. 

Solutions 
Slock so lulions of paroxclinc and dcsipraminc 

by dissolving lhcm in walcr al a conccnlralion 
100 L as basc. Thcsc solulions wcrc furlhcr 

dilulcd wilh walcr lo rcquircd conccnlralions for working 
so lutions l'or PA ( 1 µg/mL and 0.2 µg/mL) and for DE 
( 1 A frcshly prcpared solulion of TCNQ was 
uscd ala concenlralion of 2mg in 10ml acetonitrile. 

lnstrumentation 
The analyses wcre performed on a Separa-

tion Products Liquid Chromatograph (TX), which con-
sisted ofa P4000 solvent delivery system equipped with a 
Rheodyne injection va ive with a 20 µL loop , a UV3000 
detector set at 567 nm, a ndan SN4000 automation system 
software. Separations were carried out on a Phenomenex 
C 18 column (250 x 4.6 mm ID, 5 Thermo Separation , 
Texas, USA) with a guard column (4 mm x 3 mm ID, 
Phenomenex) packed with the same material. The mobile 
phase consisted of acetonitrile- water (70:30) ata now rate 
of 1.0 time 16 minutes at ambient tempera-
ture . Before use , the mobile phase was degassed by an 
ullrasonic bath and filtered by a Millipore vacuum filler 
syslcm cqu ipped wilh a HV filler. 

Sample Preparation 
Blood samplcs wcre col lected into the tubes contain-

in g EDTA as anticoagu lant and 
centrifugcd at 4500 g for 15 minutes. The rcsultant plasma 

we rc separated and stored at - 20°C until use. 
(l mL) were firs t spiked with 

working solutions to obtain the drug content ranging 
from 20 to 400 ng. Then 200 µL internal standard solution 
was added, the was brought to 1.6 mL with water, 
and the samples were alkalized with a 0.2 mL of 1 mol / L 
KOH solution. The free bases liberated were then 
extracted with 6 mL of chloroform by for 
5 minutes. After centrifugation ( 4500 g, 5 minutes) , the 
organic layer was dried on anhydrous sodium sulfate 
(500 mg) and centrifuged. Then 4 of this so luti on was 
transferred into another tube and evaporated to dryncss 
under nitrogen with mild heating, and 200 µL of TCNQ 
rcagcnt was addcd to lhe residuc. The tube was stoppcrcd, 
and 1hc mixturc was heatcd at 80°C for 20 minutes . (For 
salc ty. cvaporation ancl clcrivati za tion wcrc pcrformcd in 

Thc solvcnt was cvaporatccl undcr 
nitrogcn at 45 C and thc rcsicluc was dissolvcd in 50 µL 
of acctonitrilc. Ncxt. a 20-µL aliquot was dircctly injcctccl 
into the The were cvaluatcd on 
thc bas is of the drug/ lS ratios of the peak areas (n = 4). 
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Paroxetine Determination by HPLC 

Recovery 
Extraction recovery studies were performed by 

analyzing plasma samples spiked with the drug at 3 
different concentrations (40, 200, 300 ng/mL). For the 
assay, the drug was added before the extraction proce-
dure, and the 200 µL of internal standard sol uti on 
added after extraction, and then the reaction and 
chromatographic procedure werc carried out as 
dcscribed. The peak-area rati os of the drug/ 1S we rc 
found, and extraction reco vcries wcre eva luated by using 
the calibration curve prcparcd with aqucous clrug 
so lutions. Rccovcry of IS was also st udied for lhe 
conccntration of 200 ng/ mL. 

Validation 
To determine the intraday and interday prccision , 

1 of blank plasma sample was spikcd with the drug 
at conccntrations 40, 80, 160 ng/mL, and the 
standard at concentration 200 ng/mL. The wcrc 
thcn analyzcd (n = 4) according to the dcscribcd proce-
dure for intraday variability and at 5 different clays for 
interday variability. 

Applicability 
To a 28-year-old healthy woman volunteer, a tablet 

containing 40 mg of paroxetine was administered on an 
empty stomach, and venous blood samples of 5- 6 mL 
were drawn into the tubes containing di sod ium EDTA at 
2.5, 3, 4, 5, 6, 8, 12, and 24 hours. Plasma 
stored at - 20°C until analysis. Analysis was 
as dcscribed. 

RESULTS AND DISCUSSION 
Thc developed HPLC is bascd on thc purplc 

chromogen 30 formecl by reaction s of PA 
with TCNQ in acetonitrile at 80°C for 20 minutes (Fig. l ). 

The includcs extraction of thc clrug basc 
plasma ( 1 mL) with after alkalinization, 

dcrivati za tion with TCNQ, and injcction of thc 
mixture directly into a revcrscd- phase C 18 column. 
Desipramine was used as intcrnal standard. Acctonitrilc: 
water (70:30) was used as the mobile phase, and thc 
derivatives were eluted at 13 .1 (PA) and 15.5 (DE) 
minutes with detection at 567 11111. Figure 2 represents the 
chromatograms of (A) blank and (B) a 
sample ( I mL) spiked with paroxetine ( I 60 ng) ancl 
internal standard (200 ng). As can be seen 
figures, behavior was excellcnt for thc 

with good shapes, clcar of endogcnous 
interference and straight basc line. Figurc 2C shows thc 
chromatogram of a plasma obtaincd a 
voluntccr after admin istration of an oral dosc of 
paroxctine (40 mg). This chromatogram dicl not 
any interfercnce peak eithcr. 

A calibration graph was constructcd by plotting thc 
pcak arca ratios of thc drug/ 1S against the concentrations 
and was linear over the range of 20-400 ng/mL. Limit of 
quantification (LOQ) value under thc dcscribed conclition 
was 20 which is the lowest conccntration of thc 
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FIGURE 1. The proposed reaction be-
tween paroxetine (A) and TCNQ (B). A 

calibration curvc. Dctcction limit was 2 ng /mL at a 
signa l-lo-noisc ralio of 3/ 1. Extraction rccovcries wcre 
dclcrmincd at 3 conccntrations using the described 
cxtraction condition and found bctwccn 81.3% and 
88. 1 ¾ at conccntrations 40, 200, 300 ng/mL. The mean 
rccovery of IS was determined as 86.1 % for 200 ng/mL 
(Table 1 ). 

lntra- and interday precision and accuracy were 
cvaluated by assaying plasma samples spiked with PA at 3 
different concentrations (40, 80, 160 ng/mL). Intra- and 
interday relative standard deviation values were found to 
be within 3.8%-13.5% and 8.2%-)4.6%, respectively. 
Accuracy of the method expressed as relative mean error 
(RM E) was below 3.2 %, which was shown to be 
satisfactory. The validation data are given in Table 2. 

The developed method was applied to a pharmaco-
kinetic study for PA, and Figure 3 shows the plasma 
concentration- time profile after oral administration ofa 
tablet of PA (40 mg) to a 28-year-old healthy woman 
voluntccr. The figure demonstrates adcquatc sensitivity 
for thc to cvaluatc plasma conccntration pronle 

. 
.. 
" 

L, 
' " l 

to 

~v ( 
' ,O 11 M 11 il .. .__... -

Ther Drug Monit • Volume 28, Number 2, April 2006 

B 

NC,(CN 

2 N CN 

1 o 
,.,.-:;:;-

F 

of PA in pharmacokinetic studics at the administercd oral 
dosc. The dala obtained indicatc that 60.0 ng/mL, 
was attained at 4 hours of dosing. 
conccntrations wcre mcasurable up to 24 hours. Thc 
preliminary dala for the half-life (t 1{2) was 
24.8 hours. (arca under the curvc) was 703 ng 

Previous studies on oral in man 
have illustrated that a large intcrsubject variability 
observed.22 

The reaction between paroxetine and TCNQ 
simple, and no buffer solution or any other agcnt is 
needed to proceed. The formed derivative is stable at 
room temperature in the dark up to 24 hours. Paroxctine 
is not affected by freezing, thawing, or heating processcs. 
No change was observcd in plasma spiked with 
the drug and stored at - 20°C for a period of 2 months. 
Paroxctine is quite stablc under forced degradation 
conditions using acid and base according to the study 
of Lam bropoulos et al. 32 Thcrcforc, in the dcvclopcd 

the rcaction procedure is not expectcd to causc 
any to the drug. 
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FIGURE 2. HPLC chromatograms of (A) blank plasma, (B) a plasma sample of 1 ml spiked with 160 ng of PA and 200 ng of the IS, 
and (C) plasma sample obtained at 4 hours after ora l administration of 40 mg of PA from a healthy volunteer, IS 200 ng. For ali 
chromatograms, 1-ml plasma samples were used. 
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TABLE 1. Absolute Recovery of Paroxetine and IS From Plasma 
(n = 3) 

Addcd ± SD) (%) RSD*('½,) 

tllL' .l() .15 .J ± 4 .6 RX. I 12 .9 
21111 1 (,2.K ± Kl.4 7 
_1(1() 2-l.1.9 ± 7.5 81.1 3.1 
200 172 .3 ± 6.2 86. 1 3.6 

• RSD. relative deviation. 

Previous HPLC methods reported for PA used UY 
or fluorescence detection. Gupta 15 and Shin 13 used the 
native fluorescence of PA and needed highly sensitive 
fluorescence detectors, which are more costly than UY-
visible detectors. Brett, 16 Lacassie, 17 and Lucca 18 ha ve 
alsa used fluorescence <lata obtained from the dansyl 
derivative of PA. 

Tournel et al II and Zainaghi et al 10 developed 
HPLC using UY dctcction at 200.4 and 205 nm, 
rcspectivcly. At thcsc wavclcngths. thc absorbanccs arc 

but co111pounds 
is possihlc. Although Tourncl et al rcportcd that 

arc prcscnt. thc pcak 
shapc or paroxctinc alonc in the sc ru111 is not vcry 
sa ti sfactory. Our mcthod is thc onc to use absorbancc 

in the visible region. 
The work by Zainaghi et al did not an 

internal standard. Although the authors reported that thc 
reproducibility of the is satisfactory, this 
stili can be considered a disadvantage for this 111ethod. 
Frahnert et al 12 reported an isocratic reversed-phase 
HPLC method with UY detection to analyze 22 
psychotropic drugs, including paroxetine, and 
active metabolites in serum. The method has not been 
applied to real in the method , to eliminate 
interferences, solid-phase cxtraction has been used, which 
appears to be more expensive than liquid-liquid extrac-
tion. in the related the peak shapc of 

TABLE 2. lntraday and lnterday Precision and Accuracy of 
Paroxetine in Plasma (n = 4) 

Conccntration L) 

Found (mcan ± SD) RSD * (%) 

40.0 
go o 
160.0 

40.0 
80.0 
160.0 

41.3 ± 5.6 
79.7 ± 3R 

157.5 ± 6.0 

39.6 ± 5.8 
80.7 ± 9.0 

159.4± 13.0 

*RSD. relative standard deviation. 
t RME. relative mean error. 

,_. , 2006 & 
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FIGURE 3. Plasma concentration-time profile of paroxetine in 
a healthy volunteer after a single oral administration of 40 mg 
paroxetine. 

paroxetine is not This method dcvclopcd for 
extensive drugs is apparently very suitable in drug-drug 
interaction studies. 

The proposed HPLC method has grcat advantagc in 
terms of selectivity. Among numcrous drugs tested, only 6 
(nortriptyline, desipramine, fluoxctine, maprotilinc, scr-
traline, barbexaclone) give purple derivative with TCNQ 
under the described expcrimental conditions. A111ong thc 
above drugs, only nortriptylinc and fluoxetinc intcrfere 
thc analysis. On the other hand, because of its high 
selcctivity. thc proposed 111cthod is suitablc for 
singlc-co111ponen t assay of paroxctinc and may not be 
useful for si111ultancous dctcr111ination of paroxctinc with 
othcr drugs in drug-drug st udics. 

CONCLUSION 
A highly selectivc, si111ple, and accuratc HPLC 

was developcd to analyze paroxctine in 
Satisfactory validation <lata wcre obtaincd for linca rit y, 
precision, and recovcry. 
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