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a b s t r a c t

An analytical method based upon liquid chromatography coupled to ion trap mass spectrometry (MS)
detection with electrospray ionization interface has been developed for the simultaneous identifica-
tion and quantification of droperidol and ondansetron in human plasma. The two drugs were isolated
from 0.5 mL of plasma using a basic liquid–liquid extraction with diethyl ether/heptane (90/10, v/v) and
tropisetron and haloperidol as internal standards, with satisfactory extraction recoveries. They were sep-
arated on a 5-�m C18 Highpurity column (150 mm × 2.1 mm I.D.) maintained at 30 ◦C. The elution was
achieved isocratically with a mobile phase of 2 mM HCOONH4 pH 3.8 buffer/acetonitrile (60/40, v/v) at
a flow rate of 200 �L/min. Data were collected either in full-scan MS mode at m/z 100–450 or in full-
scan MS–MS mode, selecting the [M+H] + ion at m/z = 294.0 for ondansetron, m/z = 285.2 for tropisetron,
m/z = 380.0 for droperidol and m/z = 376.0 for haloperidol. The most intense daughter ion of ondansetron
(m/z = 212.0) and droperidol (m/z = 194.0) were used for quantification. Retention times for tropisetron,

ondansetron, droperidol and haloperidol were 2.50, 2.61, 3.10 and 4.68 min, respectively. Calibration
curves were linear for both compounds in the 0.50–500 ng/mL range. The limits of detection and quan-
tification were 0.10 ng/mL and 0.50 ng/mL, respectively. The intra- and inter-assay precisions were lower
than 6.4% and intra- and inter-assay recoveries were in the 97.6–101.9% range for the three 3, 30 and
300 ng/mL concentrations. This method allows simultaneous and rapid measurement of droperidol and
ondansetron, which are frequently co-administrated for the prevention of postoperative nausea and

vomiting.

. Introduction

Many patients suffer from postoperative nausea and vomit-
ng (PONV) after general anaesthesia with volatile anaesthetics
r propofol [1]. Receptors that can cause nausea or vomiting or
oth include dopamine type 2, serotonin type 3, histamine type
, and muscarinic cholinergic type 1 receptors [2]. Two effective
ntiemetic agents are droperidol, a dopamine D2 receptor antag-
nist [3], and ondansetron, a serotonin type 3 receptor antagonist
4]. However, a significant portion of patients continue to suffer
rom PONV despite the use of an adequate dose of either drug [5,6].
logical approach is to combine the two drugs because they act
n two different receptors of the vomiting pathway. In high-risk
atients, combining the two antiemetic drugs has been shown to
e more effective than using only one agent alone [7]. Many studies

∗ Corresponding author. Tel.: +33 1 47 10 79 38; fax: +33 1 47 10 79 23.
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have been published on this combination, focusing on drug phar-
macodynamic or pharmacokinetic interactions [8–10]. Moreover,
many analytical techniques have been published in the literature
for measurement of droperidol [11–13] or ondansetron [14–19]
alone, but to our knowledge, no method allowing the simultaneous
measurement of both compounds has been published until now.

The present method is the first described for the simultaneous
analysis of droperidol and ondansetron in human plasma by means
of LC–MS–MS. It has been applied to the study of pharmacokinetic
interactions between both compounds in a clinical trial evaluating
the impact on QT interval prolongation of each compound used
alone or in combination [9].

2. Materials and methods
2.1. Reagents

Ondansetron and droperidol free base were kindly supplied by
GlaxoSmithKline (Marly-Le-Roi, France) and OTL Pharma (Paris,

dx.doi.org/10.1016/j.jchromb.2010.12.001
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:jean-claude.alvarez@rpc.aphp.fr
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Fig. 1. (A) Full-scan (m/z 150–500) positive-ion mass spectrum of droperidol. (B) Full-scan (m/z 150–500) positive-ion mass spectrum of ondansetron.

Fig. 2. (A) Full-scan MS–MS spectrum of droperidol with its most intense product ion m/z 194.0 used for quantification. (B) Full-scan MS–MS spectrum of ondansetron with
its most intense product ion m/z 212.0 used for quantification.
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rance) Laboratories, respectively. Tropisetron HCl and haloperi-
ol free-base were gift from Jansen-Cilag (Issy-Les-Moulineaux,
rance) and Novartis Pharma (Rueil Malmaison, France), respec-
ively. Concentrated formic acid (HCOOH), ammonium formate
HCOONH4) and heptane were purchased from Sigma–Aldrich
Paris, France). HPLC-grade acetonitrile, methanol and diethyl ether
ere obtained from Riedel De Haën (Paris, France), Prolabo (Paris,

rance) and E. Merck (Darmstadt, Germany), respectively. Puri-
ed water was obtained by ultrafiltration using a Direct-Q UV3
pparatus (Millipore Corp., Molsheim, France). Mobile phase buffer
as prepared in purified water with a 2 mM HCOONH4 solution

126.2 mg/L), adjusted at pH 3.8 with concentrated HCOOH. It was
ltered through a 0.45 �m filter prior to use. Drug-free human
lasma for preparing spiked samples was supplied by the local
lood bank at the Etablissement Français du Sang (Le Chesnay,
rance). All other chemicals were of analytical grade.

.2. Preparation of stock solutions

Primary stock solutions of droperidol and ondansetron were
repared at a concentration of 1.0 g/L in methanol. Working solu-
ions (0.1 mg/L and 0.01 mg/L) were prepared by appropriate
ilutions of stock solutions of both compounds in methanol. The
tock and working solutions of haloperidol and tropisetron (IS)
ere prepared in methanol at 1.0 g/L and 0.1 mg/L, respectively.
ll stock and working solutions were stored at −20 ◦C in the dark

or a maximum of three months and one month, respectively.

.3. Preparation of calibration curves and quality control samples

Calibration curves were prepared by spiking drug-free plasma
0.5 mL) with appropriate volumes of the above mentioned work-
ng solutions to produce the calibration curve points equivalent to
.5, 1, 5, 20, 100 and 500 ng/mL of droperidol and ondansetron.
ix blank plasma samples from six different subjects were pre-
ared and analyzed to check for peaks that might interfere with
he detection of both compounds or the IS. Quality control (QC)
amples were prepared at three levels, low level (3 ng/mL), medium
evel (30 ng/mL) and high level (300 ng/mL) by spiking three 10-mL
lasma samples in bulk with appropriate volumes of droperidol and
ndansetron working solution prepared from separate weighting.
hey were then aliquoted and frozen at −20 ◦C. Six aliquots of each
evel were thawed on each day of analysis.

.4. Sample preparation

QC, calibration curve, blank plasma samples and patient sam-
les were extracted using a liquid–liquid extraction technique.
0 �L of the internal standard working solution (haloperidol and
ropisetron, 0.1 mg/L), 100 �L of 0.5 M NaOH and 4 mL of the
xtracting solvent diethyl-ether/heptane (90/10, v/v) were added
o each tube containing 0.5 mL of plasma. The samples were then
haken for 10 min and centrifuged at 3500 × g for 5 min. The organic
ayer was introduced into another tube and was evaporated to
omplete dryness under nitrogen stream. Samples were reconsti-
uted with 75 �L of mobile phase pH 3.8 buffer/acetonitrile (60/40,
/v), then vortexed for 15 s and transferred to a micro-vial (250 �L,
0 mm × 5 mm, ThermoFischer). 10 �L were injected into the LC
ystem.

.5. Equipment and chromatographic conditions
Chromatography was performed on Thermo Surveyor HPLC Sys-
em (ThermoFischer, Les Ulis, France) with an autosampler injector,
sing a 5-�m C18 Highpurity (Thermohypersil, Les Ulis, France)
olumn (150 mm × 2.1 mm I.D.) maintained at 30 ◦C. The device
r. B 879 (2011) 186–190

was completed with a precolumn (C18, 5-�m, 10 mm × 2.0 mm
I.D., ThermoFischer). The elution was achieved isocratically with a
mobile phase of 2 mM HCOONH4 pH 3.8 buffer/acetonitrile (60/40,
v/v) at a flow rate of 200 �L/min.

2.6. Mass spectrometry

The compounds were detected by a LCQ Deca XP Plus ion-
trap mass spectrometer (ThermoFischer, Les Ulis, France) equipped
with an ESI source. The ThermoFischer Xcalibur software was used
for system control, data acquisition and quantification. Nitrogen
(Nitrox UHPLCMS 18, nitrogen generator, Domnick Hunter, Ville-
franche sur Saône, France) was employed as sheath and auxiliary
gas at a pressure of 40 and 10 arbitrary units, respectively. The ESI
source was working in the positive ionization mode, and an ion-
spray voltage of +5.0 kV was applied. The capillary temperature was
set to 250 ◦C under a voltage of +4 kV. The system was tuned using a
continuous 5 �L/min infusion of an ondansetron (1 mg/L) solution
in mobile phase pH 3.8 buffer/acetonitrile (60/40, v/v). The signal
was optimized on the total ion current in MS mode. The proto-
nated precursor molecular ions [MH]+ of droperidol (m/z 380.0),
ondansetron (m/z 294.2) and I.S (m/z 376.0 for haloperidol and
m/z 285.2 for tropisetron) were trapped with a mass resolution of
1.0 amu, and fragmented by collision induced dissociation with an
activation time of 30 ms and a collision energy of 28%, 28%, 35%
and 30%, respectively. The daughter ions resulting from these frag-
mentations were monitored in full-scan. Droperidol was identified
by the presence of two daughters’ ions at m/z 194.0 (quantification
ion) and m/z 165.0 (confirmation ion) and ondansetron at m/z 212.0
(quantification ion) and m/z 170.1 (confirmation ion). The ions used
for quantification for haloperidol and tropisetron were m/z 165.0
and m/z 124.0, respectively.

2.7. Validation of the method

The absolute recoveries were evaluated at three levels (3, 30
and 300 ng/mL) by comparing the peak areas of the extracted
samples (n = 6) with those of extracted blank plasma samples
spiked afterwards with the same amount of compounds (n = 6).
In order to evaluate matrix effect, the peak areas of ten different
extracted blank plasma samples spiked afterwards with droperidol
and ondansetron (3, 30 and 300 ng/mL) and IS (5 ng/mL for both IS
in each case) were compared with those obtained by direct injec-
tion of the same amount of compounds (n = 6) in mobile phase pH
3.8 buffer/acetonitrile (60/40, v/v).

For linearity study, six calibration curves were obtained in four
days. Linearity was tested by linear regression for the range of con-
centrations 0.5–500 ng/mL, employing standard calibration curves
of at least six points. In addition, six blank and zero plasma sam-
ples were also analyzed to confirm absence of interferences. These
samples were not used to construct the calibration curves. Quan-
tification was performed by calculating the ratio between (1) the
peak-area of droperidol and haloperidol and (2) between the peak-
area of ondansetron and tropisetron.

The precision and accuracy of the method were carried out over
3 days. Each day, 1 calibration curve and 6 determinations of each
QC level were analyzed. The values obtained were analyzed using
analysis of variance (ANOVA), which separated the intra-day and
inter-day standard deviations and consequently the corresponding
coefficients of variation (CV). The intra-day CV took into account
the variability of the 6 replicates each day for 3 days and the inter-

day CV the variability of the days of analysis. The accuracy was
determined by comparing the mean calculated concentration with
the spiked target concentration of the QC samples.

The limit of detection (LOD) was defined as the lowest concen-
tration of the compound that can be detected with a signal-to-noise



J.-C. Alvarez et al. / J. Chromatogr. B 879 (2011) 186–190 189

F : ion m
f and 1

r
a
b
a

t
c
c

3

3

s
t
i
s
[
s
c
t
m
w
p
t
p
m
i
o
n

ig. 3. LC–MS/MS chromatograms of droperidol (A: ion m/z 194.0), ondansetron (B
rom extracted drug-free plasma spiked with 30 ng/mL droperidol and ondansetron

atio greater than 3:1. The limit of quantification (LOQ) was defined
s the lowest concentration of droperidol and ondansetron that can
e measured with both an accuracy of ±15% of the true value and
coefficient of variation (CV) ≤20%.

The ability to dilute samples originally above the upper limit of
he standard curve was assessed by calculating accuracy and pre-
ision parameters for a plasma QC sample prepared at a nominal
oncentration of 1000 ng/mL and then diluted at 1:4.

. Results

.1. Separation and specificity

Fig. 1 presents the full-scan (m/z 120–400) positive-ion mass
pectra of droperidol (A) and ondansetron (B). It was recorded from
he continuous infusion of a 1.0 mg/L solution of each compound
n mobile phase pH 3.8 buffer/acetonitrile (60/40, v/v). The spectra
how major peaks at m/z 380.1 and m/z 294.3 due to protonated
M+H]+ droperidol and ondansetron ions, respectively. The full-
can MS–MS spectra of droperidol and ondansetron obtained with
ollision energies of 29% and 35% are shown in Fig. 2A and B, respec-
ively. For droperidol, the most intense product ion observed was
/z 194.0, which was used for quantification. The ion m/z 165.1
as used as a confirmation ion. For ondansetron, the most intense
roduct ion observed was m/z 212.1 and was used for quantifica-
ion. The ion m/z 170.3 was used as a confirmation ion. The full-scan

ositive-ion mass spectra of haloperidol and tropisetron show a
ajor peak at m/z 376.0 and m/z 285.2 and the most intense product

ons observed in the full-scan MS–MS mode with collision energies
f 35% and 30% were m/z 165.0 and m/z 124.0, respectively (data
ot shown). Chromatograms of droperidol, ondansetron, haloperi-
/z 212.0), haloperidol (C: ion m/z 165.0) and tropisetron (D: ion m/z 124) obtained
0 ng/mL of both IS (haloperidol and tropisetron).

dol and tropisetron most intense daughter’s ions, obtained from
0.5 mL of drug-free plasma spiked with 30 ng/mL of droperidol
and ondansetron and with 10 ng/mL of IS, are shown in Fig. 3A–D,
respectively. The retention times of the four compounds were 3.10,
2.61, 4.68 and 2.50 min, respectively, ensuring both a short anal-
ysis time and an adequate resolution. No endogenous peak was
observed in all blank plasma samples tested.

3.2. Method validation

Results of the extraction recoveries determined for droperidol
ranged from 75% at 3 ng/mL to 87% at 30 ng/mL and 300 ng/mL. For
ondansetron, recoveries were 51% at 30 ng/mL, 65% at 30 ng/mL and
67% at 300 ng/mL. Analytical recoveries of internal standards were
88% for haloperidol and 93% for tropisetron. No matrix effect was
observed in plasma samples versus mobile phase solution. Peak
areas obtained in extracted blank plasma samples spiked after-
wards with the four compounds were in the range 80–111% of those
obtained after direct injection of the same amount of compounds
in mobile phase.

The method exhibited a reliable linear response in the range
0.5–500 ng/mL for both compounds, and no weighting factor was
useful. From six calibration curves over the range 0.5–500 ng/mL
a high correlation (r > 0.99 in both cases) was observed between
concentrations and peak-areas ratios of droperidol or ondansetron
and the corresponding IS. The equations for the relationship
between peak-area ratio (y) and plasma concentration (x) were

y = 0.1973x − 0.0315 for droperidol and y = 0.0385x + 0.0056 for
ondansetron. Goodness of fit was confirmed by comparison of back-
calculated concentrations to nominal concentrations with linear
regression and comparison of the slope to 1 and of the intercept
to 0 by a Student’st-test. No significant difference was observed
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Table 1
Intra-day and inter-day precisions and accuracies.

Droperidol Ondansetron

Concentration (ng/mL) 3 30 300 3 30 300
Intra-assay (CV %) 4.0 2.3 2.7 3.2 4.8 4.8
Inter-assay (CV %) 4.4 3.6 2.2 4.5 2.0 6.4
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Technol. Biomed. Life Sci. 836 (2006) 79.

[17] P. Koufopantelis, S. Georgakakou, M. Kazanis, et al., J. Chromatogr. B: Analyt.
Accuracies (%) 97.6 101.9 100.1 100.1 98.6 97.6

ix replicates of the three QC levels were analyzed three different days. The values
btained were analyzed using variance analysis (ANOVA).

etween slope and 1 and between y-intercept and 0 for the two
quations.

Accuracy and precision of the method were measured by ana-
yzing 54 QC samples. Data are presented in Table 1. Intra-day
recision was lower than 4.8% while inter-day precision was lower
han 6.4% for both compounds. Accuracies were in the 97.6–101.9%
ange. LOD was set at 0.1 ng/mL and LOQ at 0.5 ng/mL for the two
ompounds. The ability to dilute samples originally above the upper
imit of the standard curve was demonstrated since accuracy and
recision parameters for a plasma QC sample prepared at a nomi-
al concentration of 1000 ng/mL and then diluted at 1:4 were 8.2%
nd 100.4%, respectively (n = 6).

No significant difference in QC samples concentration was
bserved after a three-month storage at −20 ◦C.

.3. Application

This method was applied to the study of pharmacokinetic inter-
ctions between both compounds in a clinical trial evaluating the
mpact on QT interval prolongation of each compound used alone or
n combination. In this study, 16 volunteers were given a single dose
f 1 mg droperidol or 4 mg ondansetron, either alone or in combi-
ation, or a placebo. Each study period was separated by a 48 h
o 2 weeks drug-free interval. Fourteen blood samples were col-
ected for each subject at each period. No significant difference was
bserved in pharmacokinetic parameters between droperidol and
ndansetron when each drug was used alone or co-administered,
ither for Cmax, area under the curve (AUCinf) or terminal half-life
9].

. Discussion

Postoperative nausea and vomiting constitutes a major unpleas-
nt symptom in the postoperative period. The prevention of PONV
s judged equally important as the prevention of postoperative pain.

number of studies have shown that the combination of droperi-
ol and ondansetron provided better prophylaxis against early or
verall PONV when compared with either drug alone [5,7] with side
ffects, notably QT interval prolongation, being not different when
ompared with that induced by droperidol alone [9]. However, to
ur knowledge, there was no method allowing the simultaneous
easurement in plasma of both compounds published until now.

his present method allows such a measurement, with acceptable
alidation criteria. Sensitivity may be a major criterion for a method
evoted to the analysis of these compounds, since they were used

n PONV at very low dosages. The LOD of our method is 0.1 ng/mL
nd the LOQ is low at 0.5 ng/mL, consequence of the MS–MS detec-
ion. The low LOQ of our method allowed the use of only 0.5 mL

f sample, making it particularly convenient for droperidol and
ndansetron quantification in human plasma in pharmacokinetic
tudies when many samples have to be collected as shown in our
linical pharmacokinetic study in which 14 blood samples were
ollected at each period during 4 periods.

[

[

r. B 879 (2011) 186–190

A single-step liquid–liquid extraction with diethyl-
ether/heptane (90/10, v/v) was employed for reasons of speed
and convenience. Results of the absolute recoveries were accept-
able, ranging from 51% to 67% for ondansetron and 75% to 87%
for droperidol. These absolute recoveries were evaluated by
comparing the peak areas of the extracted samples with those
of extracted blank plasma samples spiked afterwards with the
same amount of compounds, in order to detach extraction effi-
ciency from ionization suppression. When comparing the peak
areas of the extracted samples spiked afterwards with those
obtained by direct injection of the same amount of compounds
in mobile phase, results were in the 80–111% range, showing no
significant matrix effect for both compounds and their internal
standards.

Linearity was validated up to 500 ng/mL, which appeared to be
sufficient for therapeutic drug monitoring since in our pharma-
cokinetic study only one subject presented a Cmax above this value
(890 ng/mL).

Haloperidol and tropisetron were used as I.S. because of their
chemical structure similar to that of droperidol and ondansetron.

5. Conclusion

To our knowledge, the present method is the first described for
the simultaneous measurement of droperidol and ondansetron in
human plasma by means of LC–MS–MS. Owing to the single-step
liquid–liquid extraction, the use of 0.5 mL of sample and MS–MS
detection, it is simple, rapid, and highly specific and sensitive. The
acceptable validation criteria results of the method and the short
chromatographic run time allows its use for the detection and
quantification of droperidol or ondansetron, notably in pharma-
cokinetics studies when many samples with low amount of plasma
have to be analyzed, as shown in our clinical study.
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