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a b s t r a c t

A selective and sensitive method was developed for the simultaneous quantification of seven typical
antipsychotic drugs (cis-chlorprothixene, flupentixol, haloperidol, levomepromazine, pipamperone, pro-
mazine and zuclopenthixol) in human plasma. Ultra-high performance liquid chromatography (UHPLC)
was used for complete separation of the compounds in less than 4.5 min on an Acquity UPLC BEH C18
column (2.1 mm × 50 mm; 1.7 �m), with a gradient elution of ammonium formate buffer pH 4.0 and
acetonitrile at a flow rate of 400 �l/min. Detection was performed on a tandem quadrupole mass spec-
trometer (MS/MS) equipped with an electrospray ionization interface. A simple protein precipitation
procedure with acetonitrile was used for sample preparation. Thanks to the use of stable isotope-labeled
internal standards for all analytes, internal standard-normalized matrix effects were in the range of
92–108%. The method was fully validated to cover large concentration ranges of 0.2–90 ng/ml for haloperi-
dol, 0.5–90 ng/ml for flupentixol, 1–450 ng/ml for levomepromazine, promazine and zuclopenthixol and
2–900 ng/ml for cis-chlorprothixene and pipamperone. Trueness (89.1–114.8%), repeatability (1.8–9.9%),
intermediate precision (1.9–16.3%) and accuracy profiles (<30%) were in accordance with the latest inter-
national recommendations. The method was successfully used in our laboratory for routine quantification
of more than 500 patient plasma samples for therapeutic drug monitoring. To the best of our knowl-
edge, this is the first UHPLC-MS/MS method for the quantification of the studied drugs with a sample
preparation based on protein precipitation.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Typical antipsychotics (first generation), developed many
years ago, are still widely used for treatment of schizophre-
nia and other neuropsychiatric diseases, despite synthesis and
prescription of atypical antipsychotics (second generation). The
typical antipsychotics studied in this work were the buty-
rophenones haloperidol (HALO) and pipamperone (PIPAM), the
thioxanthenes cis-chlorprothixene (cis-CHLO), flupentixol (FLU)
and zuclopenthixol (ZUCLO) and the phenothiazines levomepro-
mazine (LEVO) and promazine (PROMA) (Fig. 1).

Taking into account the considerable inter-individual variability
of plasma concentrations of these drugs, therapeutic drug monitor-
ing (TDM) should be used for efficient control of the medication
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[1]. According to the last update of expert consensus [1], rou-
tine TDM is strongly recommended for HALO, recommended for
FLU and useful for cis-CHLO, LEVO, PIPAM and ZUCLO. Therapeu-
tic reference ranges have been proposed for HALO (1–10 ng/ml),
FLU (1–10 ng/ml), cis-CHLO (20–300 ng/ml), LEVO (30–160 ng/ml),
PIPAM (100–400 ng/ml), ZUCLO (4–50 ng/ml) [1] and PROMA
(10–50 ng/ml) [2].

A large number of analytical methods have been described for
the quantification of typical antipsychotics alone or in combination
with other psychotropic drugs in human plasma or serum. Several
methods using gas chromatography (GC) coupled with nitrogen
phosphorus [3], mass spectrometry (MS) [4,5] or tandem mass
spectrometry (MS/MS) [6] detection have been proposed, as well
as methods using high performance liquid chromatography (HPLC)
coupled with fluorescence [7,8], ultraviolet [9–12], MS [13–15]
or MS/MS [16–20] detection. Sample treatment was mostly per-
formed by liquid–liquid extraction (LLE) [3,4,7,9,10,13,14,16,17] or
solid-phase extraction (SPE) [5,6,8,11,12,15,18]. More recently, due

0731-7085/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jpba.2013.07.041

dx.doi.org/10.1016/j.jpba.2013.07.041
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2013.07.041&domain=pdf
mailto:nicolas.ansermot@chuv.ch
dx.doi.org/10.1016/j.jpba.2013.07.041


J. Gradinaru et al. / Journal of Pharmaceutical and Biomedical Analysis 88 (2014) 36–44 37

S

R2

R1

S

N

N

R1

F

O

N
R2

R1

R2

Compound 1:

Haloperidol :C21H23ClFNO 2
Fw = 375.86 g/mol
Q1=m/z=[M+H] += 376.1 (parent ion)
Q2=m/z=[C 10H10FO•]=164.9

164.9

Pipamperone:C 21H30FN3O2
Fw = 375.48 g/mol
Q1=m/z=[M+H] += 376.1 (parent ion)
Q2=m/z=[C 10H10FO•]=164.9

Compound 3: Promazine:C 17H20N2S
Fw = 284.42 g/mol
Q1=m/z=[M+H] += 285.0 (parent ion)
Q2=m/z=[C 5H12N•]= 86.0

Compound 4: Levomepromazine:C 19H24N2OS
Fw = 328.47 g/mol
Q1=m/z=[M+H] += 329.0 (parent ion)
Q2=m/z=[C6 H14N•]=100.0

R1=R2=H

R1=CH3; R2=OCH3
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Compound 2:

Compound 5: R1=Cl; R2 = N

R1=Cl; R2 = N N

HO

R1=CF3; R2 = N N

HO

Compound 6:

Compound 7:

cis-Chlorprothixene :C18H18ClNS
Fw = 315.86 g/mol
Q1=m/z=[M+H] += 316.0 (parent ion)
Q2=m/z=[M -N(CH3)2+H]+=270.9

Zuclopenthixol:C 22H25ClN2OS
Fw =400.97 g/mol
Q1=m/z=[M+H] += 401.0 (parent ion)
Q2=m/z=[C 5H12N2

•]=100.1

Flupentixol:C 23H25F3N2OS
Fw =434.52 g/mol
Q1=m/z=[M+H] += 435.0 (parent ion)
Q2=m/z=[C 5H12N2

•]=100.0

270.9 (R 1=Cl)

=

=

=

100.0 (R 1=CH3)
86.0 (R1=H)

100.0, NH(CH 2-CH2)2NCH3

Butyrophenones: Phenothiazines :

Thioxanthenes:

Fig. 1. Chemical structures of the seven typical antipsychotics used in the present study with their respective proposed fragmentation patterns. Fw: formula weight; Q1
(quadrupole 1): parent ion; Q2 (quadrupole 2): daughter ion.

to an increase of selectivity and sensitivity with MS/MS, sample
preparation can be simplified with a simple protein precipitation
(PP) step [19,20].

A new generation of separation techniques, ultra-high perfor-
mance liquid chromatography (UHPLC), permits to increase sensi-
tivity, resolution and speed of separation [21]. UHPLC combined to
the high selectivity and sensitivity of MS/MS has become the “gold
standard” for quantitative analysis of drugs. As far as we know,
no UHPLC-MS/MS method has been published for the quantifica-
tion of the studied drugs in human plasma or serum with a sample
preparation based on PP. Only one UHPLC-MS/MS method has been
described, but with a sample preparation performed by LLE [22].
Among the 62 psychotropic drugs simultaneously analyzed, 17
drugs (including 3 from our library) did not pass validation criteria
due to the high number of monitored transitions. Furthermore, only
5 stable isotope-labeled internal standards (SIL-IS) were used for
the 62 compounds, which could decrease the analytical precision.

Over the last decade the number of samples for TDM of psy-
chotropic drugs has dramatically increased in our laboratory,
indicating the necessity to develop rapid and economic methods for
simultaneous multi-drug quantification. The scope of the present
study was to develop and validate a selective and sensitive method
to determine seven typical antipsychotics (cis-CHLO, FLU, HALO,
LEVO, PIPAM, PROMA and ZUCLO) in human plasma. To the best
of our knowledge, this is the first UHPLC-MS/MS method for the
quantification of these drugs with a sample preparation performed
by simple PP. The present work was based on previous methods
developed successfully in our laboratory for the analysis of other
drugs [23–25].

2. Experimental

2.1. Chemicals and biologicals

Reference standards were purchased from the following com-
panies: cis-CHLO hydrochloride, FLU dihydrochloride, PIPAM
dihydrochloride and PROMA hydrochloride from Toronto Research
Chemicals (Toronto, Canada), LEVO hydrochloride and ZUCLO dihy-
drochloride from LGC Standards (Molsheim, France) and HALO base
from Sigma–Aldrich (Buchs, Switzerland).

The SIL-IS cis-chlorprothixene-d6 hydrochloride (cis-CHLO-
d6), flupentixol-d4 dihydrochloride (FLU-d4), levomepromazine-
d6 hydrochloride (LEVO-d6), pipamperone-d10 dihydrochloride
(PIPAM-d10) and promazine-d6 hydrochloride (PROMA-d6) were
purchased from Toronto Research Chemicals and haloperidol-d4
base (HALO-d4) and zuclopenthixol-d4 succinate (ZUCLO-d4) from
LGC Standards. All other chemicals and biologicals were obtained
as described previously [25].

2.2. Stock and working solutions

Analytes were separated into three groups according to the
clinical requirements regarding range of measurement. Two inde-
pendent batches by separate weighing were prepared, one for the
calibration standards and the other one for the validation stan-
dards. Stock solutions of each analyte at 1 mg/ml (calculated as
base) were prepared in methanol (MeOH) and stored at −20 ◦C.
Further dilutions were made in MeOH to prepare the multi-level
calibration and validation standards in plasma (see Section 2.6.3).
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