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a b s t r a c t

We described the development and full validation of rapid and accurate liquid chromatography method,
coupled with tandem mass spectrometry detection, for quantification of meprobamate in human plasma
with [13C-2H3]-meprobamate as internal standard. Plasma pretreatment involved a one-step protein
precipitation with acetonitrile. Separation was performed by reversed-phase chromatography on a Luna
MercuryMS C18 (20 mm × 4 mm × 3 �m) column using a gradient elution mode. The mobile phase was
a mix of distilled water containing 0.1% formic acid and acetonitrile containing 0.1% formic acid. The
selected reaction monitoring transitions, in electrospray positive ionization, used for quantification were
oisoning 219.2 → 158.2 m/z and 223.1 → 161.1 m/z for meprobamate and internal standard, respectively. Quali-
fication transitions were 219.2 → 97.0 and 223.1 → 101.1 m/z for meprobamate and internal standard,
respectively. The method was linear over the concentration range of 1–300 mg/L. The intra- and inter-
day precision values were below 6.4% and accuracy was within 95.3% and 103.6% for all QC levels (5, 75
and 200 mg/L). The lower limit of quantification was 1 mg/L. Total analysis time was reduced to 6 min

tion.
ess to
including sample prepara
demonstrated its usefuln

. Introduction

Meprobamate is a carbamate used as an anxiolytic and seda-
ive since the early 50’s [1]. This compound is also the main active

etabolite of carisoprodol [2]. It is still widely prescribed although
t presents toxic effects in case of misuse. Meprobamate poisoning
an lead to drowsiness, stupor, ataxia, hypertonic coma, hypoten-
ion, cardiovascular shock, respiratory depression and death [1–3].
or these reasons, assaying meprobamate 24/7 is of great interest
n clinical toxicology.

Several methods have been reported for the quantification of
eprobamate in human plasma, high-performance liquid chro-
atography [4] and gas chromatography [5–15]. These methods

resent the following drawbacks: long analysis time and/or com-
lex sample pre-treatment (derivatization, solid or liquid phase
xtraction).

We present here, the development and validation of a rapid
nd simple method for meprobamate quantification in human
lasma by LC–MS/MS after simple deproteinization using isotopi-

ally labeled analogue.

∗ Corresponding author. Tel.: +33 4 7712 7464; fax: +33 4 7712 7311.
E-mail address: xavier.delavenne@chu-st-etienne.fr (X. Delavenne).

570-0232/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2010.11.034
The present method is successfully applied to 24/7 clinical toxicology and
detect meprobamate poisoning.

© 2010 Elsevier B.V. All rights reserved.

2. Materials and methods

2.1. Chemicals and reagents

A certified solution of meprobamate at 1 mg/mL in methanol
was provided from LGC Standards (Illkirch, France). The internal
standard was [13C-2H3]-meprobamate (98%) and was purchased
from Alsachim (Strasbourg, France). LC–MS grade methanol was
provided by Sigma–Aldrich (St.-Quentin Fallavier, France) and
LC–MS grade distilled water by Aguettant (Lyon, France). Analyti-
cal grade formic acid was obtained from Sigma–Aldrich (St. Quentin
Fallavier, France). Working solutions containing meprobamate and
internal standard were prepared at concentrations of 1 mg/L in
methanol to optimize specific mass spectrometer detection param-
eters, and stored at −20 ◦C. Working solutions of both molecules
at 1 g/L in methanol were used for the preparation of calibrators
and quality control (QC) samples. Calibration standards and QC
were prepared by serial dilution of the working solution in blank
plasma. Calibrator concentrations were 0, 1, 10, 50, 100, 150 and
300 mg/L for meprobamate and QC levels were 5, 75 and 200 mg/L.
Calibration curves and QC samples were prepared from separate

working solutions. Internal standard (IS) solution was prepared
at a concentration of 2 mg/L by diluting [13C-2H3]-meprobamate
in methanol. A 0.2 �m polyvinylidene fluoride filter was used
for mobile phases and was provided by Interchim (Montluçon,
France).

dx.doi.org/10.1016/j.jchromb.2010.11.034
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
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.2. Sample preparation

An aliquot (50 �L) of plasma, calibrator or QC was combined
ith 950 �L of IS working solution for protein precipitation. The
ixture was vortexed and centrifuged at 12,000 rpm for 4 min.

hen 50 �L of the supernatant was diluted with 2 mL of distilled
ater. The injected volume in the ultra performance liquid chro-
atography (UPLC) system was 10 �L.

.3. Liquid chromatography–tandem mass spectrometry

The Acquity ultra-performance liquid chromatograph sys-
em was coupled to a Quattro Micro triple quadrupole mass
pectrometer from Waters (Saint-Quentin en Yvelines, France).
hromatographic separation was performed at 40 ◦C on a Luna Mer-
uryMS C18 column (20 mm × 4 mm × 3 �m) from Phenomenex
Saint-Quentin en Yvelines, France). The mobile phase was a mix
f A: distilled water containing 0.1% formic acid and B: acetonitrile
ontaining 0.1% formic acid. The gradient was: 0–0.1 min: 5% B;
.1–0.5 min: linear from 5 to 70% B; 0.5–1.2 min: 70% B; 1.21 min
eturn to initial conditions until 1.5 min. Mobile phase flow was
et to 0.5 ml/min. Positive electrospray ionization mode was used.
cquisition was performed in selected reaction monitoring (SRM)
ode and the protonated molecular ion of each compound was

hosen as precursor ion. Mass spectrometer parameters were: cap-
llary voltage 1.5 kV; lens voltage 0.3 V; source temperature 140 ◦C;
esolvatation temperature 400 ◦C; cone gas flow 50 L/h; desol-
atation gas flow 600 L/h. Dry nitrogen (≥99.5%) produced by N2
enerator F-DBS (Courtaboeuf, France) was used as desolvatation
nd nebulization gas and argon (>99.999%, Mecer, France) was used
s collision gas. Mass spectrometry parameters were optimized
y direct infusion of 1 mg/L solutions. Inter-channel and inter-
can delays were 0.01 s and 0.02 s. Dwell time was set to 0.2 s. All
ata were acquired and processed using MassLynx v 4.1 software
Waters).
.4. Quantification and method validation

Meprobamate was quantified using [13C-2H3]-meprobamate as
n internal standard; peak area ratio was used for calculation.

ig. 1. Representative chromatograms of a patient with 77.8 mg/L of meprobamate (A
atograms; (B) and (D) represent [13C-2H3]-meprobamate chromatograms.
gr. B 879 (2011) 215–218

Intra- and inter-day precisions were determined by quantification
of QC samples at 5, 75 and 200 mg/L ten times during the same
day and on seven consecutive days. Accuracy of the method was
determined by injecting the 3 level QC samples ten times. The
mean analytical recovery was determined by comparing the mea-
sured concentrations against the theoretical concentration (mean
concentrations/theoretical concentration × 100) for the 3 level QC
samples. Matrix effect (ME) was evaluated by comparing the peak
areas of meprobamate and IS between plasma (n = 10) and spiked
aqueous solution (ME% = plasma area/aqueous area × 100). Lower
limit of detection (LLOD) and lower limit of quantification (LLOQ)
were determined by direct injection of decreasing amounts of
meprobamate in plasma samples and were calculated as the con-
centration giving peaks with a signal-to-noise ratio of 3 and 10
respectively. Specificity was evaluated by analysis of 8 different
blank batches of plasma.

2.5. Clinical toxicology

The method was used 24/7 in our laboratory to evaluate
meprobamate exposition of emergency unit patients from univer-
sity hospital of Saint-Etienne (France). From July 2009 to July 2010,
the distribution of meprobamate plasma levels was evaluated and
the frequency of negative (<1 mg/L), therapeutic or subtherapeu-
tic (between 1 and 60 mg/L), toxic (between 60 and 120 mg/L),
highly toxic (between 120 and 150 mg/L) and potentially lethal
(>150 mg/L) was discussed.

3. Results

3.1. Liquid chromatography

An example of representative chromatograms of drug free

human plasma and post intoxication human sample are shown
in Fig. 1. Retention, peak shape and retention time stability of
meprobamate and IS were excellent on the column (data not
shown). Retention time was near 0.95 min for meprobamate and
IS, total run time of 1.5 min allowed return to initials conditions.

and B) and negative sample (C and D). (A) and (C) represent meprobamate chro-
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Table 1
MS/MS parameters.

Transition (m/z) Cone voltage (V) Collision energy (V) Dwell time (s)

Meprobamate 219.2 → 158.2 10 10 0.2
10 10 0.1

15 10 0.2
15 10 0.1
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219.2 → 97.0

[13C-2H3]-meprobamate 223.1 → 161.1
223.1 → 101.1

.2. Mass spectrometry

The SRM transitions, in positive electrospray ionization, used
or quantification were 219.2 → 158.2 m/z and 223.1 → 161.1
/z for [meprobamate + H]+ and [[13C-2H3]-meprobamate + H]+

espectively. Qualification transitions were 219.2 → 97.0 and
23.1 → 101.1 m/z for meprobamate and internal standard,
espectively. Optimized mass spectrometer parameters for each
ompound are shown in Table 1.

.3. Method validation

The meprobamate calibration curve was linear between 1 and
00 mg/L. The typical equations of the calibration curves were
= 0.032x + 0.009, where y represents the ratio of meprobamate
eak area to that of IS and x the plasma concentration. The rela-
ive standard deviations of slopes and intercepts for 10 calibration
urves were below 7% and mean r2 was above 0.999. The inter-
nd intra-day precision and accuracy measured at the three QC
evels were summarized in Table 2. The relative standard devia-
ions were less than 6.4% for both inter- and intra-day precision.
he accuracy was within 95.3% and 103.6%. The above values were
ithin the acceptable range, the method is considered accurate and
recise. The LLOD was 0.5 mg/L and LLOQ was 1 mg/L with an injec-
ion volume of 10 �L. The meprobamate and the IS concentrations
ere stable in matrix at the end of three consecutive freeze–thaw

ycles, after 24 h at room temperature and after 1 month at −80 ◦C
ith a bias below 3%. No significant matrix effect was observed, the
eak area ratios of meprobamate and IS compared with aqueous
tandard solutions ranged from 95 to 101% (n = 10). No interfer-
nce peak was observed in eight different blank plasmas (data not
hown).

.4. Clinical toxicology

From July 2009 to July 2010, over the 42,790 visits in emer-
ency unit, 1414 patients requested toxicological screening. Among
hem, 535 meprobamate quantifications were realized for 358 sus-
icious poisoning cases. Data from intoxications’ follow up were

xcluded from the study. Intoxication was confirmed in 80 (22%)
ases and severe in 18 (5%) of them. One hundred and seventy one
48%) meprobamate screening were negative. Fig. 2 presents the
istribution of clinical data.

able 2
recision and accuracy of the method.

Meprobamate

Theoretical concentration (mg/L) 5 75 200

Intra-day (n = 10)
Precision (%) 5.1 6.0 4.4
Accuracy (%) 98.5 100.1 102.7

Inter-day (n = 7)
Precision (%) 6.2 6.4 4.5
Accuracy (%) 101.4 95.3 103.6
Fig. 2. Histogram of meprobamate clinical data from July 2009 to July 2010.

4. Discussion and conclusion

Several assays using chromatographic method have been pub-
lished. Most of these methods use CPG [5–15] or HPLC-UV [4]. All
of them required solid or liquid phase extraction and some of them
derivatization of meprobamate to enhance detection. Considering
24/7 activity, complex sample preparation is the major drawback
associated with these methods. Our objective was to develop a one
step preparation with fast analysis assay suitable for 24/7 clini-
cal toxicology. To our knowledge, we present here the first fully
validated LC MS/MS assay for quantification of meprobamate with
analogue isotopically labeled internal standard. Total analysis time
was reduced to 6 min including sample preparation.

Even though, meprobamate is an old drug, it is still widely used
as sedative and more recently in the treatment of alcoholic with-
drawal syndrome. During the last year, we observed 80 poisoning
cases in which 18 severe cases required intensive care unit hospi-
talization.

In conclusion, we described the development and full valida-
tion of a one-step preparation, rapid, high throughput sensible
and accurate liquid chromatography method using tandem mass
spectrometry detection for meprobamate quantification in human
plasma. The present method is successfully applied to 24/7 clinical
toxicology and demonstrated its usefulness to detect meprobamate
poisoning.
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