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Abstract

Cocaine (COC) is one of the most widely used drugs of abuse. Therefore numerous procedures are published in the literature to propose an
analysis of this substance and related compounds in different matrixes. In the same way, the authors have described, in a previous work, the
simultaneous analysis of COC and three of its metabolites in hair by gas chromatography–ion-trap tandem mass spectrometry (GC–MS/MS) using
chemical ionization with isobutane. The present paper investigated the ability to transfer this convenient existing method for hair to another matrix,
i
a
s
s
s
o
h
©

K

1

i
n
e
y
d
q
a
t
d
C

m

A

0
d

n occurrence saliva. The aim of this work was then to verify that the whole procedure (solid phase extraction (SPE) and analytical method) was
lso convenient to analyse simultaneously COC and three of its metabolites in this matrix. Therefore this sensitive GC–MS/MS method has been
tudied for the simultaneous analysis of COC, anhydroecgonine methylester (AEME), ecgonine methylester (EME) and cocaethylene (COET) in
aliva samples. The method has been validated and its performances were evaluated in terms of trueness and precision using quality control (QC)
amples. For quantification, the following ranges were found appropriate: 5–500 ng/ml for EME, 2–500 ng/ml for COC and COET; AEME could
nly be determined “semi-quantitatively” between 2 and 200 ng/ml according to our chosen acceptance criteria. Suggested dissociation pathways
ave also been proposed to interpret the obtained spectra.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Cocaine (COC), one of the most widely used drugs of abuse,
s rapidly and almost completely metabolized to benzoylecgo-
ine (BZE) by spontaneous chemical hydrolysis as well as to
cgonine methylester (EME) and ecgonine by esterase hydrol-
sis [1]. When COC is smoked, a pyrolysis product, anhy-
roecgonine methylester (AEME), is formed. COC is also fre-
uently consumed together with alcohol; cocaethylene (COET),
n active homologue, is formed arising through transesterifica-
ion following concomitant intake of COC and ethanol. Fig. 1
isplays the chemical structures of COC, and its metabolites
OET, EME and AEME.

The traditional media for the quantitative measurement of
ost psychotropic drugs are blood and urine, because many
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E-mail address: Christian.staub@hcuge.ch (C. Staub).

substances and their metabolites are present in these biological
matrices. Nevertheless, since the two past decades, the use of
saliva for drug monitoring or pharmacokinetics studies has been
developed. Oral fluid presents many advantages including the
non-invasive and easy technique of collection, the low possi-
bility of sample adulteration [2] and the presence of the parent
drug as the principal analyte found. However, there are several
disadvantages associated with saliva sampling like the limited
sample volume, the concentration of target analytes which can
be considerably low, the variable nature of salivary pH and the
possibility of contamination with drug residues in the oral or
nasal cavity [3]. Moreover, salivary pH and stimulated condi-
tions of collection can affect the obtained results [4,5]. That is
the reason why a great number of reviews focusing on the use
of saliva in forensic drugs and other chemicals detection have
been published [6–10]. There are also many articles reported for
drugs concentrations in saliva [3,11,12] or correlation of oral
fluid levels with plasma levels [12,13].

Saliva testing for COC and its metabolites has been
reported in a number of publications and with many different
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Fig. 1. Chemical structures of cocaine (COC), cocaethylene (COET), ecgonine methylester (EME) and anhydroecgonine methylester (AEME).

analytical techniques like immunoassays [14,15], spectroflu-
orimetry [2], liquid chromatography coupled with mass
spectrometry (LC–MS) [16], gas chromatography using a
nitrogen–phosphorus detector (GC–NPD) [17] or a mass spec-
trometer (GC–MS) [15,17,18].

In a previous work, we had developed and validated a com-
plete procedure for the analysis of cocaine and three of its
metabolites in hair by GC–CI/MS/MS using chemical ioniza-
tion (CI) and ion-trap detection [19]. In hair matrix (like in
saliva), the parent substance is present predominantly and only
traces of metabolites are detectable. This is the main reason
why ion-trap was preferred to a simple quadrupole detector
such as those generally available in forensic laboratories. As
a matter of fact, this spectrometric technique allows perform-
ing tandem mass spectrometry (MS/MS) at a cost much lower
than triple quadrupole mass spectrometers and thus presents
the advantage to permit a very selective and sensitive detec-
tion of traces. Chemical ionization stood out as the tech-
nique of choice because it carries out a “light” fragmentation
(unlike electron impact) and allows to form abundant pseudo-
molecular ions (MH+) which generate characteristic fragment
ions during the collision induced dissociation (CID) step of
the MS/MS process. The combination of ion-trap MS/MS and
CI qualities have allowed to obtained a powerful procedure
for the quantitative analysis of cocaine and its metabolites in
hair.
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considered. Therefore the simultaneous quantitative determi-
nation of COC and its related metabolites AEME, EME and
COET in saliva by GC–MS/MS was validated. The strategy
applied for the validation was based on the approach proposed
by the “Société Française des Sciences et Techniques Pharma-
ceutiques” (SFSTP) and adapted to our specific case in forensic
toxicology.

The present work also suggests dissociation pathways for
interpreting the CID spectra.

2. Experimental

2.1. Chemicals and reagents

Acetonitrile solutions of COC, COET, EME, and AEME,
1000 �g/ml, were purchased from Cambridge Isotope Laborato-
ries Inc. (Andover, MA, USA). Acetonitrile solutions of deuter-
ated cocaine (COC-d3) and deuterated ecgonine methylester
(EME-d3), 100 �g/ml, 98% pure, were purchased from Cam-
bridge Isotope Laboratories Inc. too. The methyl of the amino
function is deuterated in both cases. Methanol, toluene, acetic
acid (100%), hydrochloric acid concentrated solution (37%),
ammonium hydroxide solution (25%), sodium hydroxide, potas-
sium hydroxide, sodium hydrogenophosphate, and potassium
dihydrogenophosphate were supplied by Merck (Darmstadt,
Germany). Methylene chloride and isopropyl alcohol were
o

2

r

The present work consisted in adapting the analytical method
entioned above to make it suitable for analysis of COC and

ts metabolites in saliva, an alternative matrix. The same auto-
ated solid phase extraction (SPE) with the same analytical
ethod (positive CI using isobutane as reagent gas with MS/MS

etection) as in the previous work applied to hair were then
btained from Fluka (Buchs, Switzerland).

.2. Instrumentation

Automated extraction was performed on an ASPEC appa-
atus (Gilson Medical Electronics, Villiers-le-Bel, France) and
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Table 1
Collision induced dissociation (CID) parameters and main product ions for each compound

Compounds Precursor ions (m/z) Excitation storage levels (m/z) Excitation amplitudes (V) Main product ions (m/z)

COC 304.1 83.6 46 182, 150
AEME 182.1 49.9 32 150, 122, 118
EME 200.1 54.9 34 182, 150, 82
COET 318.2 87.5 46 196, 150
COC-d3 307.1 84.5 46 185, 153
EME-d3 203.1 55.7 34 185, 153, 85

The product ion retained for quantitation is underscored.

with HCX Isolute (130 mg) cartridges, which were obtained
from IST (Hengoed, UK).

Gas chromatographic analyses were performed on a Var-
ian 3400 CX gas chromatograph (Walnut Creek, CA, USA)
equipped with a Varian Saturn 2000 ion-trap detector (Wal-
nut Creek, CA, USA). Ultra high purity helium was used as
carrier gas with an inlet pressure of 0.069 Mpa (10 PSI). A DB5-
MS J&W Scientifics (Folsom, CA, USA) fused silica capillary
column with a 5% phenyl-95% methyl-polysiloxane station-
ary phase was used. The capillary column 15 m × 0.25 mm i.d.
(0.25 �m film thickness) was connected to an inert retention
gap of 1.5 m × 0.53 mm i.d. The column oven temperature was
programmed from an initial temperature of 75 ◦C held during
1 min, increased to 170 ◦C at 15 ◦C/min, then increased to 210 ◦C
at 5 ◦C/min, and finally to 310 ◦C at 30 ◦C/min. The injection
port temperature was programmed from an initial temperature of
75 ◦C held during 1 min, then increased to 280 ◦C at 50 ◦C/min
and held during 1.40 min. Three microlitres of sample were
injected in the cool on-column mode using the Varian 8200
CX autosampler (Walnut Creek, CA, USA). The ion-trap was
operated in positive chemical ionization (CI) with isobutane as
reagent gas. The transfer line, manifold and trap temperatures
were 290, 120 and 240 ◦C, respectively. Instrument control and
data acquisition were carried out using the Varian Saturn Work-
station version 6.3. Tandem mass spectrometry was performed
in the non-resonant mode; the collision induced dissociation
(
w
E
m

T
t
h
i
c
f
a
C
c
e
(
i
c
t

dissociation mechanisms that imply protonation on an ester or
hydroxy group (please see Section 3.12). It is obvious that pro-
tonation on the tertiary amino function is thermodynamically
favoured. The apparition of product ions from molecules proto-
nated on the amino group implies the cleavage of at least two
bonds since the nitrogen atom is involved in two rings. That
is probably why the fragmentation yields of COET and COC
remain low, even with high non-resonant CID voltages. Fig. 2
displays the CID spectrum obtained for each analyte under the
conditions described above.

2.3. Saliva sample collection

Saliva samples were collected using Salivettes® from Sarst-
edt (Nümbrecht, Germany) which consist of simple cotton swab
without preparation. Blank saliva was collected from different
volunteers and tested for the presence of the principal substances
found in forensic toxicology; it was free from them and there-
fore presented no traces of COC and its metabolites. Saliva
was sheltered from light and stored at −20 ◦C until use. For
analysis, after the saliva samples had been thawed at room
temperature, they were shaken for homogenization. Because
of the mechanistic agitation and the viscosity of this biolog-
ical fluid, bubbles could be formed. Saliva volume (500 �l)
was then carefully sampled in order to avoid that bubbles were
s
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CID) parameters are reported in Table 1. The following ions
ere retained for quantitation: COC m/z 182, AEME m/z 122,
ME m/z 182, COET m/z 196, COC-d3 m/z 185 and EME-d3
/z 185.
In tandem mass spectrometry, analyses are very selective.

herefore, in order to keep a supplementary source of informa-
ion, as far as possible a little proportion of the precursor ion
as been maintained in CID spectra so that the precursor ion
ntensity represented about 10% of the base peak. In the present
ase, it has been turned out that it was not always possible to
ragment the precursor ion so that its intensity corresponded to
bout 10% of the base peak. The best example is protonated
OET (Fig. 2C), for which the relative abundance of the pre-
ursor ion in the spectrum remained above 50% whatever the
xcitation voltage between 46 V (optimized value) and 100 V
maximum value available). In the same manner, the precursor
on peak of protonated COC (Fig. 2B) remained above 25%. This
an be interpreted in terms of precursor ion stability. As a mat-
er of fact, the main product ions of the CID spectra result from
ucked up.

.4. Sample preparation

Five hundred microlitres of saliva were diluted with 1 ml of
eionized water and buffered with 1 ml of phosphate buffer pH
. Twenty-five microlitres of the internal standards (COC-d3 and
ME-d3) solution at 1.6 �g/ml were added. After well mixing
uring several seconds, the saliva was transferred into a glass
ube for extraction. The ASPEC system was programmed to
xtract the saliva samples as follows: (1) conditioning of the
artridges with 2 ml of methanol and 2 ml of deionized water, (2)
oading of diluted and buffered saliva samples, (3) rinsing with
ml of deionized water, 1 ml of acetate buffer pH 4 and 2 ml of
ethanol, (4) drying with air, (5) elution of analytes with 2 ml

f a (80:20:2) methylene chloride/isopropyl alcohol/ammonia
ydroxide mixture [20,21]. Then the extracts were evaporated to
ryness under nitrogen at room temperature before being finally
issolved in 25 �l of toluene.
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Fig. 2. Collision induced dissociation (CID) spectra of anhydroecgonine methylester AEME (A), cocaine COC (B), cocaethylene COET (C), and ecgonine methylester
EME (D) obtained in the positive CI mode with an ion trap mass spectrometer.

2.5. Calibration and quality control samples

Calibration samples were independently prepared by
adequately spiking blank saliva with appropriate volumes of
standard COC, AEME, EME and COET solutions to reach
concentrations of 2, 5, 10, 50, 200 and 500 ng/ml for each
analyte.

Quality control (QC) samples were also independently
obtained by spiking blank saliva with COC, AEME, EME and
COET solutions to achieve concentrations of 2, 5, 10, 100 and
800 ng/ml.

In order to verify that the calibration range remains efficient
for diluted samples, the 800 ng/ml QC was not used itself but was

diluted twice with deionized water to yield a QC of 400 ng/ml
(contained in the calibration range) which was effectively anal-
ysed.

3. Results and discussion

3.1. Saliva sampling

In spite of its viscosity, saliva has easily been handled by the
robot of the automated SPE and had never formed bubbles. The
SPE sampling was then not affected during the dispensing of
samples. It was probably possible because saliva (500 �l) was
diluted with deionized water (1 ml) and phosphate buffer (1 ml).
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This dilution allowed not only to condition the samples but also
to decrease the saliva viscosity.

3.2. Validation procedure

The validation process was inspired by the guidelines pro-
posed by the SFSTP [22–25] and consisted in the determination
of parameters such as trueness, repeatability, intermediate pre-
cision, limit of detection (LOD) and limit of quantitation (LOQ)
for the reported GC–MS/MS analysis of COC, AEME, EME and
COET in saliva. All of these typical validation characteristics are
defined below in corresponding paragraphs.

The strategy applied for the validation was adapted for this
specific case in forensic toxicology. The selected approach has
first involved a prevalidation step. During this primary phase,
the choice of the most appropriate calibration curve model, the
estimation of LOD and LOQ and the study of the selectivity have
been performed (data not shown). The following step consisted
in the validation itself. Validation experiments were finally per-
formed to evaluate the procedure performances on 3 days and
allowed to determine trueness, precision and definitive LOD and
LOQ.

Assuming that in saliva the parent drug is detectable pre-
dominantly whereas metabolites are only present as traces, a
compromise has been reached between expected COC levels
(very high) and expected metabolites concentrations (traces)
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the selected weighting factor was the inverse of the concentra-
tion raised to the λth power (1/xλ), λ being the slope of the line
fitted to the data on the logarithm scale round off the superior
unit. Hence, the selected weighting factor was 1/x for each com-
pound as described elsewhere [26].

Each day, QC samples were prepared in quadruplet (n = 4)
at five concentration levels (k = 5: 2, 5, 10, 100, and 400 ng/ml)
dispatched into the entire calibration range. The values of each
rank were chosen as following: they correspond to 80%, 20%,
and 2% of the upper limit of the domain (500 ng/ml) and the two
lowest levels were selected around the LOQ estimated during the
prevalidation step. The 400 ng/ml QC were prepared by diluting
twice the 800 ng/ml samples with deionized water in order to
verify if there is a risk of dilution effect.

3.3. Method selectivity

Method selectivity was first assessed by the analysis of six
blank saliva samples obtained from different male or female
volunteers. These blank samples have been tested by screening
for the principal substances found in forensic toxicology and no
traces of compounds have been detectable. Moreover, when the
present method was used no interferences from the matrix have
been observed in the specific time detection windows of the com-
pounds of interest. Fig. 3 compares typical chromatograms of a
cocaine abuser (real case), QC at 100 ng/ml and a blank saliva
s
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n order to choose the best calibration range for validation.
inally, the concentrations range was selected between 2 and
00 ng/ml. Consequently, the ability to dilute samples irrelevant
o the selected calibration range, was tested in order to allowed
heir analysis just after a simple dilution with deionized water.

To validate the whole of these criteria, two kinds of sam-
les were prepared: calibration samples (CAL) and validation
amples corresponding to QC samples used in routine analy-
is. These samples were independently prepared by adequately
piking blank saliva samples with appropriate volumes of COC,
EME, EME and COET standard solutions. COC-d3 was used

s the internal standard (IS) for COC and COET quantitation,
hereas EME-d3 was used as the IS for AEME and EME. Each
AL and QC sample was spiked with both IS at 80 ng/ml.

In order to establish the daily calibration curves for each
ubstance of interest, calibrator samples (CAL) were prepared
nd analysed, each day, independently in triplicate (n = 3) at six
oncentration levels (k = 6: 2, 5, 10, 50, 200 and 500 ng/ml). The
alues of each rank were chosen inside the calibration range as
ollowing: they correspond to 100%, 40%, 10% and 2% of the
pper limit (500 ng/ml) and the two lowest values were selected
round the LOQ estimated during the prevalidation step. Finally
8 points were used to establish the daily calibration curves by
lotting detection response (ratio analyte signal/IS signal) versus
oncentration.

In preliminary assays (data not shown), variance analysis
ndicated that the weighted linear regression was appropriate to
stablish the relationship between the concentration and detec-
ion response of each compound. The best weighting factor
as chosen taking into account the relationship between nat-
ral variance logarithms and concentrations. For each analyte,
ample, and confirms the good effectiveness of the reported pro-
edure.

.4. Linearity

The linearity of an analytical procedure is its ability (within
given range) to obtain results which are directly proportional

ig. 3. Chromatograms of a cocaine abuser saliva extract (real case), a quality
ontrol (QC) at 100 ng/ml and a blank saliva.
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to the concentration (or amount) of the analytes in the sam-
ple [22,23,27,28]. The linearity was calculated by fitting the
back-calculated concentrations of the QC versus theoretical con-
centrations by applying the linear regression model based on
the least square method [29]. Good linearity (slopes close to
1.00 ± 0.05) and good closeness R2 above 0.999 for all analytes
were observed.

3.5. Trueness and precision

Trueness of an analytical procedure expresses the closeness
of agreement between a conventionally accepted true value (or
an accepted reference value) and a mean one experimentally
found [22,23,27,28]. In the present work, trueness was expressed
as the mean concentration found for all QC samples at each
concentration level.

The precision of a bioanalytical method expresses the close-
ness of agreement between a series of measurements obtained
from multiple sampling of the same homogenous sample under
the prescribed conditions [22,23,27,28]. Precision may be con-
sidered at three levels: repeatability, intermediate precision and
reproducibility (not studied here). For the present work, preci-
sion has been estimated by measuring repeatability and interme-
diate precision at different levels of concentration. After fitting
the calibration curves for each analyte on each day, concentra-
tions of substances of interest were computed, in all QC samples,
f
t
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3.6. LOD and LOQ

The limit of quantification (LOQ) of an individual analytical
procedure is the lowest amount of analyte in a sample, which can
be quantitatively determined with suitable precision and true-
ness [22,23,27,28]. In the present work, LOQ were determined
by using the validation results for repeatability and intermedi-
ate precision. The LOQ of each compound was determined as
the concentration for which trueness was equal to 100 ± 20%,
R.S.D. was inferior or equal to 15% for repeatability and infe-
rior or equal to 20% for intermediate precision. These criteria
are those currently used in a laboratory of forensic toxicology.
Hence, the LOQ were determined at 2 ng/ml for COET and COC,
and at 5 ng/ml for EME.

The limit of detection (LOD) of an individual analytical pro-
cedure is the lowest amount of analyte in a sample which can
be detected but not necessarily quantitated as an exact value
[22,23,27,28]. In the present work, LOD of each compound was
determined by diluting calibration samples and was established
as the concentration for which the signal to noise ratio (S/N) of
the chromatographic peak (selected profile of the ion retained
for quantitation) equals 3. Therefore the 2 ng/ml CAL samples
were successively diluted and analyzed to estimate LOD. Finally
LOD were determined at 0.1 ng/ml for COC and 0.5 ng/ml for
AEME, EME and COET.
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rom the analytical obtained responses by back-calculating with
he linear regression model based on the least square method.
ariances of repeatability and intermediate precision were com-
uted, at each concentration rank, from the estimated concen-
rations and the precision was expressed by the relative standard
eviation at each level. Trueness and precision results are pre-
ented in Table 2.

able 2
rueness, repeatability and intermediate precision for quality control (QC) sam

ompounds Theoretical concentrations (ng/ml) Measured concentratio

OC 2 1.6
5 4.9

10 11.3
100 102.1
400 395.4

OET 2 1.7
5 4.6

10 9.7
100 100.4
400 392.8

ME 2 1.6
5 4.5

10 10.1
100 96.7
400 384.2

EME 2 1.9
5 4.8

10 9.6
100 102.5
400 239.2
.7. Ranges for quantification

Considering the chosen acceptance criteria currently applied
n our laboratory (trueness 100 ± 20%, repeatability ≤15% and
ntermediate precision ≤20%) and the validation results, the fol-
owing ranges were considered for quantification: 5–500 ng/ml
or EME, 2–500 ng/ml for COC and COET (see Table 2); AEME

g/ml) Trueness (%) Repeatability (%) Intermediate precision (%)

80.3 7.7 15.7
99.1 5.9 6.1

113.2 1.4 1.4
102.1 11.0 10.5

98.8 4.1 7.1

83.8 10.9 18.4
92.2 6.8 7.1
96.5 6.1 6.4

100.4 2.5 7.6
98.2 4.8 13.7

78.1 24.4 34.2
89.4 15.2 14.1

100.7 10.0 10.0
96.7 1.3 13.1
96.1 4.4 6.6

95.9 24.9 50.4
95.4 27.9 45.2
96.5 27.3 35.3

102.5 22.4 22.8
59.8 24.2 28.1
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Fig. 4. Chromatograms of a cocaine abuser saliva extract showing peaks of anhydroecgonine methylester (about 4 ng/ml), ecgonine methylester (140 ng/ml) and
cocaine (302 ng/ml).

could only be determined “semi-quantitatively” between 2 and
200 ng/ml according to our chosen acceptance limits.

3.8. Particular case of AEME

Concerning AEME, although its trueness values are con-
tained in the acceptance limits of 100 ± 20% between 2 and
200 ng/ml, its repeatability and intermediate precision were
higher than 15% and 25%, respectively (please see Section 3.6);
the repeatability was determined between 22.4% and 27.9%,
the intermediate precision values were between 22.8% and
50.4% and were irrelevant to the chosen restrictions. There-
fore, the method reported is not available for the quantitation
of this analyte; nevertheless it can provide a good estimation
and AEME can be determined “semi-quantitatively” between 2
and 200 ng/ml.

3.9. Dilution effect

The ability to dilute samples originally above the upper limit
of the calibration curve was evaluated by using the 800 ng/ml
samples diluted 1:1 with deionized water to reach 400 ng/ml.
The experiments allowed proving that a preliminary dilution
step was possible for samples of high concentrations (outside of
calibration range) without any perturbation for the quantitative
r
d
p

3.10. Remark

Most of the publications concerning the same purpose of
the present work have been published in the 90th or before.
In recent times, Campora et al. have presented a method for
the quantitation of COC and two of its major metabolites (BZE
and EME) in saliva by GC–MS using a quadrupole detector
[30]. They obtained LOQ of 3.0 ng/ml for EME, 7.4 ng/ml
for COC and 0.8 ng/ml for BZE. Even if the analysis pre-
sented by this team is very sensitive, the method described
here has better LOQ for COC, the parent drug (2.0 ng/mg),
and presents several other advantages over this earlier published
method. First, the estimated LOD were 0.1 ng/ml for COC and
0.5 ng/ml for EME, COET and AEME whereas LOD reported
by Campora et al. were 2.2 ng/ml for COC and 0.9 ng/ml for
EME. Secondly, only 500 �l of saliva samples (unlike 1 ml) is
needed to perform analysis. Knowing that one of the draw-
backs of oral fluid consists of its small available volume, a
500 �l volume is very interesting and noticeable because it is
sufficiently low to allow performing the complete procedure
in duplicate and confirming the obtained results. Thirdly, the
present method does not require a supplementary derivatiza-
tion step which is time-consuming. Moreover BZE which needs
a derivatization has been removed of the chosen metabolites
for analysis because it is formed from COC by spontaneous
chemical hydrolysis. Finally, the reported method was carried
o
s
q

esults. There was no observed dilution effect. This aptitude to
ilute samples was demonstrated to be valid for the four com-
ounds of interest.
ut using tandem mass spectrometric detection which is more
elective and specific than single ion monitoring with a simple
uadrupole.
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Fig. 5. Chromatograms of cocaine abuser, who had drunk concomitantly alcohol, showing peaks of anhydroecgonine methylester (about 20 ng/ml), ecgonine
methylester (1500 ng/ml), cocaethylene (342 ng/ml) and cocaine (about 16,000 ng/ml).

3.11. Analysis of real cases

In order to demonstrate the applicability of the validated
procedure, this latter was applied to several real human saliva
samples collected from different cocaine-addicted abusers. Sam-
ples were extracted by SPE and analysed by GC–MS/MS as
described above. Typical chromatograms of cocaine abuser
saliva are shown in Figs. 3–5. Fig. 4 displays the chromatogram

for a drug addict who has only taken cocaine whereas Fig. 5
presents the chromatogram obtained for a cocaine abuser who
has taken drug concomitantly with alcohol. Fig. 3 allows com-
paring chromatograms obtained for a cocaine abuser (real case),
a quality control at 100 ng/ml and a blank saliva sample.
All the results suggested that the method is suitable for the
detection of AEME and the quantification of COC, EME and
COET.

tonate
Fig. 6. Suggested dissociation pathways of pro
 d cocaine (COC) under collisional activation.
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Fig. 7. Suggested dissociation pathways of protonated ecgonine methylester (EME) under collisional activation.

3.12. Dissociation pathways

Although the fragmentation of protonated COC has already
been studied by LC–MS/MS with a triple quadrupole apparatus,
the CID spectra obtained in this work are noticeably different

from those described by Wang et al. [31]. That is why the present
work also suggests dissociation pathways to interpret the CID
spectra of the compounds of interest. Differences between triple
quadrupole and ion trap MS/MS spectra are not surprising since
the activation processes and collisions gas are not the same.
Fig. 8. Suggested dissociation pathways of protonated anhydroe
cgonine methylester (AEME) under collisional activation.
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We have already reported such differences in a previous work
devoted to LSD analysis [32]. Figs. 6–8 display the dissocia-
tion mechanisms suggested. Dissociation of protonated cocaine
(Fig. 6) involves the loss of benzoic acid followed by that of
methanol. The transitions m/z 307 → m/z 185 and m/z 307 → m/z
153 observed from COC-d3 are in good agreement with the pro-
posed mechanism. The fragmentation pathway of COET is not
displayed since it is the same as that of COC, the second step
involving loss of ethanol instead of methanol. Fragmentation of
ecgonine methyl ester starts by water elimination to provide the
m/z 182 ion. H2O loss can result from direct protonation on the
hydroxy group, as displayed in Fig. 7; it can also result from pro-
tonation of the ester group (more basic than the hydroxy one)
followed by proton transfer to the hydroxy function. The loss
of methanol from m/z 182 leads to m/z 150 that losses C4H4O
through a six centers intermediate structure to provide m/z 82.
The CID spectrum of EME-d3 displays m/z 203, m/z 185, m/z 153
and m/z 85 ions. The three mass units shift on all the product ions
compared with the CID spectrum of non-labelled EME shows
that the methyl group of the amino function remains present in all
the product ions, in good agreement with the suggested mecha-
nisms. Dissociation of protonated anhydroecgonine methylester
begins by methanol elimination after protonation on the carbonyl
group. The resulting m/z 150 ion dissociates following two ways.
The first one leads to m/z 122 through a classical CO elimination,
the second one leads to the formation of the m/z 118 ion through
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ethanol loss. The mechanism proposed in Fig. 8 to explain the
ormation of the m/z 118 ion may appear quite complex but a
impler one has not been found.

. Conclusion

A semi automated and sensitive GC–MS/MS method for the
imultaneous determination of cocaine and its metabolites has
een transferred from hair to saliva matrix. It was fully vali-
ated in terms of robustness, linearity, trueness, precision and
imits of quantification for COC, EME and COET. The quan-
ification of the specific metabolite AEME was not possible
ccording to our criteria of repeatability and intermediate pre-
ision although its trueness was totally satisfactory. Hence the
ethod reported is only able to give a good approximation of

he AEME concentrations in saliva and corresponds then to a
semi-quantitative” analysis for this compound. However the
ain interest in forensic toxicology is the concentration of the

arent substance (COC). Concerning the metabolites, the deter-
ination of their presence is generally sufficient to confirm the

onsumption of cocaine. The present validated method can thus
e applied for routine analysis in forensic toxicology.
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