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1. Introduction

Aripiprazole is a novel antipsychotic indicated for the treatment
of schizophrenia [1]. It is the first member of a new class of antipsy-
chotic agents called “dopamine system stabilizers” [2]. Aripiprazole
acts as a potent partial agonist at dopamine D2 receptors and sero-
tonin 5-HT1A receptors [3,4]. The drug is rapidly absorbed after oral
administration. The peak plasma concentration is reached approx-
imately 3–5 h following oral administration and the bioavailability
of the drug is 87% [5]. Aripiprazole is extensively metabolized by
the liver through the cytochrome P 450 system (CYP 3A4 and CYP
2D6) [6] and its major active metabolite is the dehydro-aripiprazole
[7]. The mean elimination half-life following multiple oral doses of
aripiprazole is ranging from 47 to 68 h [5]. The steady-state plasma
drug concentrations are achieved after 14 days of treatment for both
aripiprazole and dehydro-aripiprazole [5].

Drug plasma concentration monitoring in patients treated with
psychotropic drugs is helpful either to control compliance, to
improve efficacy when the patient does not respond to therapeu-
tic doses, or to detect an overdosage [8]. Few analytical methods
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matography method with diode array detection (HPLC-DAD) was devel-
piprazole and dehydro-aripiprazole, in human plasma. After a simple
atographic separation was carried out on a C18 reversed-phase column,
etonitrile mobile phase (40:60, v/v). The total run time was only 7 min
he precision values were less than 12% and the accuracy values were

the lower limit of quantification was 2 ng/ml for both compounds. Cal-
er a range of 2–1000 ng/ml. The mean trough plasma concentrations in
zole were 157 and 29 ng/ml for aripiprazole and dehydro-aripiprazole,

© 2008 Elsevier B.V. All rights reserved.

are described in the literature for the quantification of both arip-
iprazole and dehydro-arpiprazole in human plasma. These assays
were based on chromatographic methods using mass spectromet-
ric detection [9,10]. Two methods using the spectrophotometric

detection had been reported for the measurement of aripipra-
zole alone [11,12]. To our knowledge, no HPLC method using
UV detection allowing the simultaneous quantification of arip-
iprazole and dehydro-aripiprazole in human plasma has been
reported.

The aim of this study was to develop and validate a rapid, simple
and specific method by HPLC with UV detection, to quantify the con-
centration of both aripiprazole and dehydro-aripiprazole in human
plasma for the therapeutic drug monitoring of aripiprazole-treated
patients. The method validation was performed according to the
Food and Drug Administration (FDA) guidelines for the analytical
methods [13].

2. Experimental

2.1. Chemicals and reagents

The pure compounds aripiprazole and dehydro-aripiprazole
were supplied by Bristol-Myers Squibb (Rueil-Malmaison, France)
and chlorohaloperidol, used as internal standard, by Janssen Cilag
(Issy les Moulineaux, France). Ammonium hydrogen carbonate and

http://www.sciencedirect.com/science/journal/15700232
mailto:l.lancelin@ch-sainte-anne.fr
dx.doi.org/10.1016/j.jchromb.2008.02.026


omato
16 F. Lancelin et al. / J. Chr

anhydrous sodium carbonate were purchased from Merck (Darm-
stardt, Germany) and Carlo Erba (Val de Reuil, France), respectively.
Ammonium buffer 10 mM was prepared in deionized and osmosed
water (purification system Aquadem, Le Plessis Robinson, France);
the pH was adjusted to 8.35 with sodium hydroxide 6 mol/l.
Acetonitrile and orthophosphoric acid were obtained from VWR
(Fontenay sous Bois, France). All chemicals used in this study were
of the high purity “HPLC grade”.

2.2. Instrumentation and chromatographic conditions

The liquid chromatographic system was carried out using a
600 controller pump (Waters, Saint-Quentin en Yvelines, France)
with in-line degasser coupled to a 2996 photodiode array detector
(Waters).

The EmpowerTM software was used for system control, data
acquisition and processing.

The HPLC chromatographic separations of compounds were car-
ried out on a C18 column X Bridge® C18 3.5-�m particle size,
100 mm × 4.6 mm I.D. (Waters). Compounds were eluted isocrat-
ically using a mobile phase consisting of acetonitrile:ammonium
buffer (10 mM; pH 8.35) (60:40, v/v) with a flow rate of 1 ml/min.
Before use, the mobile phase was filtered through a 0.22 �m filter
(Millipore Corporation, Belfast, MA). The aripiprazole, dehydro-
aripiprazole and internal standard were detected at 217 nm.
Acquisition from 200 to 350 nm was performed to allow the drug
identification by its ultraviolet absorption spectrum and for the
study of the peaks’ purity.

2.3. Calibration and quality control samples

Methanol stock solutions (200 �g/ml) of aripiprazole and
dehydro-aripiprazole were diluted in methanol to obtain the work-
ing solutions of 10 and 1 �g/ml. Working solution of internal
standard was prepared by diluting the stock solution (10 mg/ml)
in methanol to yield a 10 �g/ml chlorohaloperidol concentration.
All stock and working solutions were stored at 4 ◦C for a maximum
of 4 weeks and 1 week, respectively.

Routine daily calibration curves were prepared by spiking
1 ml of human drug-free serum Lyphochek® (Bio-Rad, Marnes-
la-Coquette, France) with an appropriate volume of working
solutions (2–50 �l) to yield concentrations of 0, 2, 5, 30, 50,
100, 200 and 500 ng/ml, and with 5 �l of stock solution to yield
1000 ng/ml. Calibration curves were used to calculate the arip-

iprazole or dehydro-aripiprazole concentrations according to the
peak height ratios (aripiprazole/internal standard or dehydro-
aripiprazole/internal standard).

To prepare the in-house quality control samples (QCs), an appro-
priate amount of aripiprazole and dehydro-aripiprazole working or
stock solutions were added to human drug-free serum to achieve
final concentrations of 2, 5, 100 and 1000 ng/ml. The QCs were
aliquoted and stored at −20 ◦C until use.

2.4. Extraction preparation

20 �l of working I.S. solution, 500 �l of sodium carbonate
(2 mol/l) and 10 ml of the extracting solvent heptane and iso-
propanol in a ratio of 98:2 (v/v) were added to 1 ml of plasma
sample (calibrators, QCs or patient samples). After a 20 min shak-
ing with a horizontal agitator (Agitelec SL200, J.Toulemonde, Paris,
France) and a 10 min centrifugation at 1800 × g at 4 ◦C (CR 412,
Jouan, Saint-Herblain, France), the organic layer was removed and
150 �l of orthophosphoric acid (0.05 mol/l) was added. After a fur-
ther 30 s shaking, 50 �l of the aqueous phase was injected in the
chromatographic system.
gr. B 867 (2008) 15–19

2.5. Patients samples

Samples for the titration of aripiprazole and dehydro-
aripiprazole were sent to our laboratory from various psychiatric
units in a routine therapeutic drug monitoring setting. The
decision to request therapeutic drug monitoring was made by
the patients’ psychiatrists on the basis of the clinical evalu-
ations (either to control compliance, or when overdosage is
suspected).

We received 50 samples, corresponding to 34 out or inpatients
[15 females and 19 males aged from 16 to 60 years (mean: 33 years)
and from 25 to 59 years (mean: 36 years) respectively] over a 14-
months period. These patients were treated with an aripiprazole
daily dose of 10–30 mg, together with one or several other psy-
chotropic drugs.

Blood samples were drawn in the morning, before the oral
intake. The steady state conditions could not be ascertained for
some samples.

The blood samples, collected into heparinized tubes, were cen-
trifuged at 1800 × g for 10 min and the plasma was stored at −20 ◦C
until analyzed.

All the procedures that we followed were in accordance with
the Helsinki declaration, as revised in 2000.

2.6. Method validation

The within-day precision was assessed in 10 replicate at three
concentrations (5, 100 and 1000 ng/ml), and the coefficients of vari-
ation (CVs) were calculated.

The QCs containing 2, 5, 100 and 1000 ng/ml of both aripiprazole
and dehydro-aripiprazole were measured for 10 days to evaluate
the between-days precision and accuracy of the method. Accuracy
was determined according to the equation:

Accuracy (%) =
(

measured concentration
theoretical concentration

)
× 100

The lowest limit of quantification (LLOQ) was defined as the low-
est measurable concentration with a between-days coefficient of
variation (CV) below 20%.

The linearity was assessed using a linear regression method
between 2 and 1000 ng/ml.

The recovery of the extraction procedure was assessed at
four different concentrations (2, 5, 100 and 1000 ng/ml) in repli-
cate over 5 days. The peak height obtained from the samples
after extraction was compared to those obtained by the direct

injection of the same amount of pure compounds (aripipra-
zole and dehydro-aripiprazole) dissolved in orthophosphoric acid
(0.05 mol/l).

The specificity was evaluated by comparing the retention
time of different pure unextracted drugs with those of the
aripiprazole, dehydro-aripiprazole and internal standard. These
compounds included amisulpride, amitriptyline, amoxapine, chlor-
promazine, clomipramine, desmethylclomipramine, clozapine,
norclozapine, cyamemazine, desipramine, diazepam, escitalopram,
desmethyeslcitalopram, fluoxetine, norfluoxetine, fluphenazine,
fluvoxamine, haloperidol, hydroxyhaloperidol, imipramine, lev-
omepromazine, loxapine, nortriptyline, paroxetine, pipothiazine,
risperidone, 9-hydroxyrisperidone, sertraline, venlafaxine and
O-desmethylvenlafaxine. Furthermore, potential interference of
psychotropic drugs commonly administrated with aripipra-
zole treatment was studied in plasma samples from patients
treated with aripiprazole. Medications commonly adminis-
trated to these patients consisted in oxazepam, clonazepam,
prazepam, zolpidem, zopiclone, alimemazine, alprazolam, hydrox-
yzine fluoxetine, paroxetine, tianeptine, escitalopram, venlafax-
ine, valproate, olanzapine, clozapine, risperidone, amisulpride,
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Fig. 1. Typical chromatograms obtained after extraction of a calibration sample at a conce
of 10 mg/day (measured concentrations were 272 and 41 ng/ml for aripiprazole and dehy

haloperidol, levomepromazine, cyamemazine, chlorpromazine or
loxapine.

3. Results

3.1. Chromatography

Under the described chromatographic conditions, the reten-
tion times of the internal standard, dehydro-aripiprazole and
aripiprazole were 4.2, 5 and 6.8 min, respectively (Fig. 1a and
b). No interfering peak was observed in the extracted blank
ntration of 50 ng/ml (a), a plasma from a patient treated with aripiprazole at a dose
dro-aripiprazole, respectively) (b) and a human drug free plasma (c).

serum (Fig. 1c) or in plasma from “drug-free” patients (data not
shown).

3.2. Precision, accuracy and sensitivity

Precision and accuracy are reported in Tables 1 and 2. The
LLOQ of the method was defined at 2 ng/ml for both aripiprazole
and dehydro-aripiprazole. The within-day and between-days CVs
were less than 18.5% at 2 ng/ml and less than 11.8% for the other
QCs (5, 100 and 1000 ng/ml) for both aripiprazole and dehydro-
aripiprazole. The method was accurate: the deviation from the
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Table 1
Accuracy and precision of the aripiprazole quantification method

Theoretical concentrations (ng/ml) Measured concentrations (ng/ml)a Accuracy (n = 10) (%) CV (%)b

Accuracy (n = 10) (%) CVb (%)

Within-day (n = 10) Between-days (n = 10)

113.0 NDc 17.8
106.0 7.2 5.5
102.5 1.6 5.1
98.1 2.1 5.8

(mean = 208 ng/ml) and from 12 to 71 ng/ml (mean = 35 ng/ml) for
aripiprazole and dehydro-aripiprazole, respectively.

4. Discussion and conclusion

To the best of our knowledge, no HPLC method using diode array
detection for the simultaneous measurement of both aripiprazole
and dehydro-aripiprazole has been described until now.

Table 3
Psychotropic drugs assayed for potential interference

Drugs Retention time (min)

Amisulpride 1.2
O-Desmethylvenlafaxine 1.5
9-Hydroxyrisperidone 1.5
Risperidone 1.7
Desmethylescitalopram 1.8
Norclozapine 1.9
Amoxapine 2.3
Hydroxyhaloperidol 2.3
2 (LLOQ) 2.23 (±0.4)
5 (low) 4.99 (±0.6)
100 (medium) 100.0 (±5.7)
1000 (high) 984.9 (±54.3)

a Mean (±standard derivation) of concentrations obtained on 10 different days.
b Coefficient of variation.
c Not done.

Table 2
Accuracy and precision of the dehydro-aripiprazole quantification method

Theoretical concentrations (ng/ml) Measureda concentrations (ng/ml)

2 (LLOQ) 2.26 (±0.4)
5 (low) 5.30 (±0.3)
100 (medium) 102.5 (±5.3)
1000 (high) 980.6 (±66.3)

a Mean (±standard derivation) of concentrations obtained on 10 different days.
b Coefficient of variation.
c Not done.

theoretical concentration (bias) was less than 20% for the LLOQ level
and less than 15% for the QCs (low, medium and high).

3.3. Linearity

The peak height ratio (aripiprazole or dehydro-
aripiprazole/internal standard) as a function of the aripiprazole
or the dehydro-aripiprazole concentration in the range of
2–1000 ng/ml, gave regression coefficients r2 higher than 0.999.
The linear regression equations were

Y = 0.0122X − 0.0646 (aripiprazole) and

Y = 0.0158X − 0.0577 (dehydro-aripiprazole)

3.4. Extraction efficiency

The mean extraction recoveries for LLOQ, low, medium and high
concentrations were respectively 82, 73, 74 and 78% for aripiprazole
and 84, 69, 70 and 69% for dehydro-aripiprazole.
3.5. Specificity

Among the 30 drugs tested to evaluate potential interference,
only two potentially interfered with this method: fluphenazine
and amitriptyline had retention times similar to that of internal
standard and aripiprazole, respectively (Table 3).

We also tested patients co-treated with other psychotropic
drugs. Acquisition from 200 to 350 nm allowed identification of
drugs by their ultraviolet absorption spectrum and verification
of their purity. No interference with the aripiprazole, dehydro-
aripiprazole or the internal standard peak was observed in the
chromatograms of these patients.

3.6. Clinical application of the method

The mean (±standard deviation) plasma concentrations
obtained from 50 patient samples were 157 ± 90 (range:
<2–391 ng/ml) and 29 ± 20 ng/ml (range: <2–108 ng/ml) for arip-
iprazole and dehydro-aripiprazole, respectively. Twenty of these
samples could be controlled as collected in steady-state condi-
tions: their plasma concentrations ranged from 101 to 391 ng/ml
Within-day (n = 10) Between-days (n = 10)

111.5 NDc 18.5
99.8 7.4 11.8

100.0 1.5 5.7
98.5 2.4 5.5
Paroxetine 2.4
Escitalopram 2.4
Fluvoxamine 2.6
Diazepam 2.6
Venlafaxine 2.7
Desipramine 2.7
Norfluoxetine 2.8
Haloperidol 2.9
Pipothiazine 2.9
Clozapine 3.0
Nortriptyline 3.1
Fluoxetine 3.3
Desmethylclomipramine 3.7
Internal standard 4.2
Fluphenazine 4.2
Loxapine 4.5
Dehydro-aripiprazole 5
Amitriptyline 6.6
Aripiprazole 6.8
Sertraline 7.4
Cyamemazine 8.0
Levomepromazine 8.2
Imipramine 8.5
Clomipramine 8.6
Chlorpromazine 9.2
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The method validated in this study is a rapid, precise,
accurate and specific quantification of aripiprazole and dehydro-
aripiprazole in human plasma by isocratic HPLC coupled with diode
array detection.

The liquid–liquid extraction procedure is convenient and effi-
cient, since evaluated recoveries were higher than 69%. During
assay development, two volumes of heptane were assayed for the
extraction procedure. Extraction efficiency obtained when 10 ml of
heptane was added to the plasma was higher than that obtained
with 5 ml of heptane (mean extraction recoveries were averaging
57% with 5 ml, versus 75% with 10 ml, for both aripiprazole and
dehydro-aripiprazole).

The volumes of the working solutions used for the preparation
of calibration and QC samples were small enough not to observe
any dilution effect.

The time required for the chromatographic separation of the
three compounds is short, averaging approximately 6–7 min. In a
previous method described by Kirschbaum [11] the complete sep-
aration (aripiprazole and internal standard, dehydro-aripiprazole
was not included) was obtained within 20 min.
This method presents a good selectivity. Only two of the pure
drugs tested, fluphenazine and amitriptyline, interfered with the
method. These interferences should be taken into account when
patients are treated with combinations of one of these two drugs.
The retention time of loxapine was between that of the internal
standard and dehydro-aripiprazole peaks. Nevertheless the three
peaks were separated enough to quantify the aripiprazole and
dehydro-aripiprazole in the plasma of patients treated with arip-
iprazole and loxapine. None of the samples from patients treated
with any other commonly used psychiatric drug showed potentially
interfering peaks with same retention time that the compounds of
interest.

Aripiprazole and dehydro-aripiprazole can be measured in
plasma over a wide range of concentrations from 2 to 1000 ng/ml
with satisfactory precision. This range is wide enough to quan-
tify plasma levels of aripiprazole and dehydro-aripiprazole in the
therapeutic drug monitoring. In the present study, the trough
steady state concentrations interquantile ranges (25–75th) were
150–265 ng/ml for aripiprazole and 185–310 ng/ml for the active
moiety (aripiprazole and dehydro-aripiprazole). These results were
similar to those previously reported (an interquantile ranging from

[
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[

[

[
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146 to 254 ng/ml for aripiprazole) [11]. A recent study found trough
concentrations ranging between 102 and 425 ng/ml [14] for arip-
iprazole and between 146 and 536 ng/ml for the active moiety [14].
This study was performed in a larger patient group (n = 118) never-
theless the steady state conditions were not controlled.

We conclude that this method is a rapid, reproducible and
accurate method to quantify both aripiprazole and dehydro-
aripiprazole. It is easy and less expensive than those based on a
mass spectrometry detection, which is not available in many labo-
ratories. It represents therefore an alternative procedure for routine
therapeutic drug monitoring of patients treated with aripiprazole.
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