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Detection of coca alkaloids in oral fluid from coca
leaf (tea) consumers: using solid phase extraction
to improve validation parameters and widen the
detection window
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Hygrine and cuscohygrine, two coca leaf alkaloids, have been previously proposed as markers to
differentiate legal and illegal cocaine consumption. This is a very common problem in some countries of
South America, where the consumption of coca leaves has a long tradition. Analytical methods focusing
on the assessment of coca leaf alkaloids, such as cuscohygrine, hygrine, tropacocaine and t-
cinnamoylcocaine, in oral fluid are virtually non-existent in forensic toxicology laboratories worldwide
due to their lack of application. However, the problem of differentiating legal and illegal cocaine use in
criminal justice, DUID (drug-impaired driving) and WDT (workplace drug testing) programs is growing.
Therefore, researchers are obliged to develop methods to measure coca leaf alkaloids (cuscohygrine,
hygrine and t-cinnamoylcocaine) in biological matrices for further validation for routine analyses in
forensic toxicology laboratories. This work aims to optimize a previously published separation method by
protein precipitation (SPE) coupled with liquid
chromatography-tandem mass spectrometry (LC-MS/MS) operating in multiple reaction monitoring
(MRM) mode. The use of SPE allowed the matrix effect and the background to be reduced in the
chromatograms due to the obtained cleaner extracts. Consequently, improved detection and
quantification limits were reached. Findings showed that the detection windows for coca leaf alkaloids

in oral fluid by using solid-phase extraction

were longer than three hours in real oral fluid samples from volunteers who drank a cup of coca tea.
These detection windows are quite higher than those previously obtained when using the method based

rsc.li/methods

Introduction

Coca is a native South American plant with numerous alkaloid
components, with cocaine being the psychoactive compound,
the best alkaloid known." Coca has been used for millennia by
indigenous people for numerous purposes, including ritual,
social and physiological uses. Therefore, its uses have a long
tradition in South America.” In particular, the chewing of coca
leaves, so-called “coqueo,” or drinking a coca leaf tea has been
a long and revered practice since ancient times, besides in
Argentina the consumption of coca leaves is legal due to an
official Federal Law.? This practice leads to positive test results
for cocaine which makes it difficult to discriminate between
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on separation by protein precipitation.

legal consumption of coca (coca leaf chewing and coca tea
drinking) and illegal cocaine use (sniffing, smoking or cocaine
injection). Justice must frequently respond to the demands
from victims regarding cocaine positive results in cocaine tests
(urine and oral fluid) to elucidate a legal or an illegal practice of
cocaine use.* This also occurs in cases of driving tests under the
influence of drugs (DUID), medical examinations at work
(WDT), and anti-doping controls. For this reason, it is very
important to be able to differentiate both practices from a toxi-
cological point of view, which requires searching for suitable
markers and developing analytical methods for their determi-
nation. Hygrine and cuscohygrine, two alkaloids present in the
coca leaf, have been proposed as markers to differentiate both
types of consumption in several biological samples since both
substances are presumably lost during the cocaine preparation
process.>”®

Oral fluid (OF) is an alternative forensic sample for moni-
toring drugs of abuse. This biological sample has been used in
clinical toxicology, criminal justice, for drugs of abuse testing in
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the workplace, and in DUID programs.'® The main advantages
of OF are well documented in the scientific literature and
include non-invasive and easy collection, difficult adulteration,
and a better correlation with serum concentrations compared to
urine. However, the results using this biological sample can be
affected by factors such as sample pH, drug pKa, and drug
plasma protein binding and volume of distribution. In addition,
the device for OF collection is also quite important since it will
condition sample dilution, drug stability, and drug
adsorption.”

Despite the vast existing scientific literature on drugs of
abuse in oral fluid, publications dealing with the analysis of
coca leaf alkaloids, such as cuscohygrine (CUS), hygrine (HYG),
t-cinnamoylcocaine  (¢-CIN), tropacocaine (TRO), anhy-
droecgonine methyl ester (AEME), and ecgonine methyl ester
(EME), are scarce or almost non-existent. Only cocaine (COC) is
widely mentioned.

The differentiation between the legal consumption of coca
leaves and the illegal use of cocaine demands the development
of methods capable of analyzing the existence of CUS, HYG, and
also ¢-CIN in forensic matrices.

The objective of this work is to continue with the improve-
ment of analytical methodologies for coca alkaloid assessment
in oral fluid that can be used in criminal justice cases, DUID,
and WDT for distinguishing between legal or illegal coca use.
The development of new analytical strategies must enable
detection of coca alkaloids (COC, CUS, HYG, t-CIN, and EME),
meet international OF guideline requirements for COC (8 ng
mL " or less), and allow the use of OF collecting devices. These
purposes agree with Peters et al.,, who have stated that in
addition to the purpose of the method development, a balance
between the analytical problem and the expense and complexity
of the method is needed.*

Our point of start has been the improvement of a previously
published method for coca alkaloids in OF with the aim of
decreasing the detection limit (LOD) and increasing the detec-
tion window of coca leaf alkaloids.*® It is intended to use 1 mL of
oral fluid and SPE extraction (with the HLB Waters Oasis®
extraction cartridge) in the same way as the routine method
used in our laboratory for cocaine and benzoylecgonine (BE)
and other analytes in forensic blood, meconium and hair
samples.’*'* The applicability of the proposed method was
demonstrated by analyzing three OF samples from volunteers
after drinking coca tea.

Experimental
Reagents and chemicals

All standard solutions were prepared from stock standards (1
mg mL ™" dissolved in acetonitrile) of COC, BE, EME, t-CIN,
AEME, and TRO supplied by LGC Standards, S.L.U. (Barcelona
Spain). CUS (10 mg) was obtained from Toronto Research
Chemicals Inc. (North York, Ontario, Canada). Deuterated
analogous standard solutions (0.1 mg mL ™) of cocaine-d3
(COC-d3), benzoylecgonine-d3 (BE-d3), and ecgonine-d3 methyl
ester (EME-d3) in acetonitrile were used to prepare 15 ug mL ™"
internal standard mixtures. Deuterated analogous standards
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were supplied by LGC Standards, S.L.U. HYG was not
commercially available at the time of the study, and it was ob-
tained from coca leaves after extraction and further identifica-
tion based on m/z (precursor ion) — m/z (product ion)
transitions after coca leaf extract infusion and mass spectral
recording. Acetonitrile and methanol (LC-MS grade) were
purchased from Riedel-de Haén (Seelze, Germany), formic acid
(98%) from Panreac (Barcelona, Spain) and ammonium formate
(99%) from Fluka Analytical (Steinheim, Germany). Ultrapure
water of 18 MQ cm resistivity was from a water purification
device from Millipore Co. (Bedford, MA, USA). The Waters
Oasis® HLB extraction cartridge of 3 cm®/60 mg came from
Waters, Spain.

Working solutions

Three working standard calibrations were prepared in acetoni-
trile from stock solutions at concentrations of 10, 1 and 0.1 pg
mL~* for COC, BE, EME, t-CIN, TRO, AEME and CUS. Quality
controls (QC) were prepared in acetonitrile at 10, 20 and 50 ng
mL~". A mix of deuterated analogues (COC-d3, BE-d3, EME-d3)
was prepared in acetonitrile from stock solutions at a concen-
tration of 1.5 ug mL~". All working standards were stored at —20
°C when not in use.

Calibrators and quality control (QC)

Seven drug-free OF samples spiked with drugs at concentrations
of 1, 5, 10, 15, 20, 50, and 100 ng mL~ ", and internal standards
at 15 ng mL ™", and QC of 10, 20, and 50 ng mL ™" (also con-
taining the internal standards at 15 ng mL ') were prepared.
Before being spiked, OF samples were centrifuged at 10 000 rpm
and 4 °C for 10 min. The spiked OF mixtures were subjected to
the SPE procedure and the obtained extracts were further used
for determining the working range, the detection limit (LOD)
and the quantification limit (LOQ).

Instrumental analysis and measurement (LC-MS/MS)

Determinations were carried out with a 3200 Q TRAP LC-MS/MS
system (ABSciex, Concord, Canada), equipped with a Flexar FX-
15 UHPLC binary chromatographic pump (PerkinElmer, Wal-
tham, MA, USA), and a Flexar UHPLC autosampler (Perki-
nElmer). Analyst 1.6 software (ABSciex) was used for system
control and data acquisition. MultiQuant 2.1 software (ABSciex)
was used for data processing. Separations were performed with
an Infinity LabPoroshell 120 Hilic (2.7 pm, 2.10 x 100 mm)
from Agilent Technologies (Santa Clara, CA, USA). Temperature
control of the column was performed with a GECKO 2000
column heater (temperature control from 30 to 80 °C) from
Amchro GmbH (Hattersheim, Germany). Measurements were
carried out under similar conditions as in our previous work.*
The gradient elution used was 20 mM ammonium formate in
ultrapure water (pH 4.2) (A) and an acetonitrile/methanol (4: 1)
mixture (B) as a mobile phase for compound separation at
a flow-rate of 300 pL min~'. The gradient was run as the
following scheme: from sample injection until 0.1 min, gradient
elution to 8% (A); from 0.1 to 2 min, a linear gradient to 9% (A);
from 2 to 6 min, a linear gradient to 15% (A); from 6 to 11 min,

This journal is © The Royal Society of Chemistry 2023
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Table 1 MS/MS data, retention time of coca alkaloids and cocaine
metabolites analyzed in oral fluid®

Precursor ion,
amu

Product ion,

Analyte name amu ISTD RT, min

BE 290.1 168.2 BE-d3
105.1
77.0
182.0
105.1
82.0
77.0
182.2
82.2
67.1
41.1
182.1
103.1
77.1
51.1
124.1
77.1
67.1
51.1
84.1
42.1
84.1 —
42.1
122.0
91.0
65.0
171.2
80.0
185.1
85.1
185.1
85.1

2.16

COC 304.1 COC-d3 2.48

EME 200.1 EME-d3 4.20

t-CIN 330.2 COC-d3 2.28

TRO 246.1 COC-d3 3.20

CUS 225.1 COC-d3 11.38

HYG 142.1 3.50

AEME 182.0 COC-d3 2.50

BE-d3 293.1 2.20

COC-d3 307.1 2.61

EME-d3 203.1 4.30

“ Amu: atomic mass unit; ISTD: internal standard; RT: retention time.

a linear gradient to 60% (A); from 11 to 12 min, isocratic elution
with 60% (A); from 12 to 13 min, a linear gradient to 40% (A);
from 13 to 14 min, a linear gradient reduces to 8% (A); and from
14 to 20 min, isocratic elution back to 8% (A). Chromatographic
separations were performed at 40 °C and the chromatographic
time was 20 min.

The criteria that were used on the data acquisition parame-
ters for each transition of the multireaction monitoring mode
(MRM) are listed in Table 1. At least two precursor — ion
product ion transitions were monitored for each analyte to
ensure the specificity of the measurements (the presence of an
analyte was confirmed when all qualifying MRM transitions in
each chromatographic series were identified). The MRM tran-
sitions that offered the most sensitive MRM transitions were
finally used for quantification. The optimized ion source
parameters (positive ionization) were set at 400 °C for temper-
ature, 5.000 V for voltage, 20 psi for curtain gas (N,), 15 psi for
nebulizer gas (N,), and HIGH mode for collision gas (N,).

Oral fluid and coca leaf samples

Oral fluid specimens collected for method development and
applicability. (a) Ten drug-free OF samples were collected from

This journal is © The Royal Society of Chemistry 2023
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laboratory volunteers and were used for method development
according to international criteria.*® Informed consent was ob-
tained from all the volunteers.

(b) Improvements on method development were checked by
studying several parameters such as matrix effect (ME), LOD,
and LOQ, using spiked OF samples. Therefore, OF samples
taken from three laboratory volunteers after drinking a cup of
coca tea were analyzed. Blank OF samples were taken from the
three volunteers at —10 min (10 min before drinking a cup of
coca tea). Then, OF samples were taken from volunteer 1 at 30,
60, 120 and 180 min after drinking, and from volunteers 2 and 3
at 30 and 180 min after drinking. The three volunteers drunk
coca tea brewed from the same coca mate (brand and batch).

Sample preparation. Oral fluid samples collected by the
passive drooling (spitting) technique from coca tea drinking
volunteers were centrifuged at 10 000 rpm and 4 °C for 10 min.
One mL aliquots were transferred to a 10 mL glass tube and
mixed with 10 uL of 1.5 pg mL ™" internal standard (IS) solution
(mixture of COC-d3, BE-d3 and EME-d3) plus 1 mL of borate
buffer pH 9.2. The mixtures were vortexed for 1 min before
being loaded on the SPE cartridges. In addition, blank OF
samples were processed in the same way, and after extraction
they were spiked with several concentrations of standards and
deuterated ISs. These samples were used as set B when
assessing ME.

Coca leaves cut into small pieces (50 mg) were mixed with 5
mL of methanol/acetonitrile/2 mM ammonium formate (25 :
25:50, v/v/v), and the mixture was mechanically stirred for 15
min.” Subsequently, the liquid phase was loaded into a SPE
cartridge, and the extract was 1:50 and 1:100 diluted with
acetonitrile/methanol (4:1). This extract was mainly used as
a HYG control (commercial controls/standards for HYG are not
available) and to confirm the presence of COC, ¢-CIN, EME, CUS,
and AEME alkaloids (Fig. 1).

Extraction procedure by SPE. Each SPE cartridge was
conditioned with 2 mL of methanol and 2 mL of distilled water.
Then, 1 mL of OF mixed with the IS solution and borate buffer
(pH 9.2) was loaded on the cartridge. Washing was performed
with 2 mL of 5% (v/v) methanol in distilled water, and the
cartridges were then vacuum dried for 20 min. The retained
drugs were eluted with 2 mL of methanol followed by 2 mL of
2% (v/v) acetic acid in methanol. The eluent was evaporated at
40 °C under a stream of nitrogen gas, and the dried extract was
reconstituted in 50 pL of acetonitrile/methanol (4:1). The
reconstituted samples were transferred to an auto-sampler, and
20 pL was injected in duplicate onto the LC-MS/MS.

Method development

Improvements on the performance of the previously published
method were evaluated through the assessment of the LOD and
LOQ, and the study of ionization suppression/enhancement
(ME), interferences and carryover.”® These studies were per-
formed following the guideline used in forensic toxicology
formerly known as Scientific Working Group for Forensic
Toxicology (SWFTOX)."*

Anal. Methods, 2023, 15, 6177-6183 | 6179
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Fig.1 Coca tea (quantifier ion) LCMSMS chromatogram. (1) Liquid extraction of coca leaves. (2) Afterwards, extraction and cleaning by SPE.

The method development should comply with the recom-
mendations for DUID and WDT, and therefore, the cut-off to
confirm COC and BE in OF was set at 8 ng mL ™" for DUID and
WDT since a cut-off of 20 ng mL~" was established by DUID,
and WDT recommends cut-off values of 15 ng mL ™" and 30 ng
mL " to detect COC and BE in OF depending on the interna-
tional guides.”” ™ For the other analytes (EME, TRO, t-CIN,
AEME, CUS), there are no recommendations/cut-off values, and
the same criteria for COC and BE were used (cut-off of 8 ng
mL~" for each analyte).

The calibration range for COC, BE, EME, AEME, ¢-CIN, and
TRO was set between 5 and 100 ng mL ", whereas the range was
varied from 10 to 100 ng mL~* for CUS. Six calibration curves
(each calibration at six concentration levels in addition to the
blank sample) were prepared and run in duplicate on three
different days (the OF from volunteers was analyzed each day to
corroborate improvements on ME, LOD, and LOQ parameters,
and also on the window of detection of leaf alkaloids in OF
samples from coca tea drinkers). QC samples at 10, 20 and 50 ng
mL ™" were analyzed in duplicate when performing each cali-
bration curve. The variation between replicates in the calibra-
tion standards and the bias were lower than 20%. The choice of
the concentration levels for calibration (5-100 ng mL ") was
done on the basis of the most frequent concentrations found in
people who drink coca tea, including concentrations (higher
and lower) close to the cut-off values given by DUID and WDT
guidelines.

The LOD and LOQ values were established as 3 and 10 times
the signal-to-noise ratio (S/N), respectively. The LOD was not
determined for COC and BE because the LOQ was considered
low enough for the objective of this research.

The ME (ionization suppression/enhancement) was evalu-
ated following the strategy post extraction addition as follows:"®
ME% = 100 — B/A x 100 where A is the average peak area of the
analyte at a certain concentration in standard solutions, and B

6180 | Anal. Methods, 2023, 15, 6177-6183

is the average peak area of the analyte (same concentration) but
added to the SPE extracts after drug-free OF sample pre-treat-
ment. ME was evaluated twice (two days) in triplicate at 20 and
50 ng mL " for COC, CUS, TRO, BE, t-CIN, AEME, and EME.
Negative ME% values show ion suppression, whereas positive
values mean ion enhancement.

The study of interferences (effect of the presence of common
compounds in OF) was established by analyzing ten drug-free
OF samples by the proposed method (without adding internal
standards) and verifying that there were no chromatographic
signals at the retention times and MRM transitions for each
analyte. In addition, similar experiments were performed by
adding ISs (15 ng mL ") for evaluating interferences from stable
isotope ISs.

Carryover was evaluated by monitoring two extracts obtained
from two drug-free OF samples just after analyzing extracts
from OF samples containing the analytes at
concentrations.

several

Results and discussion

The calibration model was the simple linear regression model
using the least squares method. The R> on the curve for all
analytes was higher than 0.990. The carryover required a meth-
anol blank injection between samples and, in addition, the
autosampler was adjusted to clean the injector needle four
times before injection and four times after sample injection (2-
propanol was used to rinse the injector needle). No carryover
was detected when using OF samples spiked until 500 ng mL ™"
under this condition. No significant matrix components or IS
interferences were observed when analyzing the ten drug-free
OF samples.

The LOD and LOQ and the ME were the parameters that had
the best performance when compared with the previous
method.* Table 2 shows the LOD and LOQ values and the ME

This journal is © The Royal Society of Chemistry 2023
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Table 2 Detection limit (LOD), quantification limit (LOQ) and matrix
effect (ME)*

ng mL~*
CUS EME TRO t-CIN COC AEME BE
PP> LOD ne 5  ne ne ne 5 ne
LOQ 50 10 10 5 5 10 5
ME 13 —67 —59 —74 —61 —59 —34
SPE LOD 10 1 1 1 ne 5 ne
L0Q 15 5 5 5 1 10 1
ME 19 —37 —17 —16 —17 —12 10

“ PP: protein precipitation extraction; SPE: solid-phase extraction; ne:
not established. © Published in JAT 2019; 1-7.

Table 3 OF results of COCA leaf alkaloids in three volunteers after
drinking a cup of coca tea”

ng mL™*

HYG CUS AEME EME TRO BE COC ¢CIN
Volunteer 1
OF_Blank nd nd nd nd nd nd nd nd
OF_30min Positive 765.9 323.1 167.7 nd 115.6 793.5 138.6
OF_60 min Positive 73.6 6.9 125.2 nd 121.1 126.3 40.1
OF_120 min Positive 30.7 nd 73.0 nd 314 44 1.8
OF_180 min Positive 35.6 nd 69.7 nd 141 3.0 1.6
Volunteer 2
OF_30min Positive 99.8 nd 138.0 nd 76.7 330.1 46.0
OF_180 min Positive 18.8 nd 110.4 nd 32.2 1.1 1.4
Volunteer 3
OF_30min Positive 204.7 — 178.0 nd 179.8 840.1 108.3
OF_180 min nd 20.5 nd 56.0 nd 54.0 7.0 3.1

¢ OF: oral fluid taken by spit. nd: not detectable. HYG: It was considered
positive when the signal meets the requirements quoted in LC-MS/MS
conditions. Bold numbers: concentration below or above the
calibration curve.

" CUS 10ng/mL
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for the method based on acetonitrile protein precipitation (0.2
mL OF) and after SPE extraction (1 mL of OF).** The LOQs were
reduced substantially for almost all analytes: from 50 ng mL ™"
to 15 ng mL~" for CUS, from 10 ng mL ™" to 5 ng mL~" for EME
and TRO, and from 5 ng mL ™" to 1 ng mL~" for COC and BE.
However, Table 2 shows that variations were not found for ¢-CIN
and AEME. The LOD was found to be 1 ng mL ™' for EME, TRO
and ¢-CIN, 5 ng mL~" for AEME, and 10 ng mL " for CUS. The
LOD for COC and BE was found to be lower than 1 ng mL™".
These findings show that the LOQ achieved for CUS does not fit
with the requirement of 8 ng mL ™" as a cut-off established for
COC and BE confirmation in OF.

The ionization suppression has been found to be very
important when using the published protein precipitation
method with ME values higher than —55% for EME, TRO, ¢-CIN,
COC, and AEME, and —34% for BE."* However, ionization
suppression was markedly reduced for EME, TRO, ¢-CIN, COC,
AEME and BE when using SPE (Table 2). Even, ionization
enhancement (+10) was found for BE, whereas CUS was the only
analyte that retained the ionization enhancement around (+13,
+19).

Table 3 lists the alkaloid concentrations in OF from volun-
teers whose samples were collected by spitting. It can be seen
that the detection window for HYG, CUS, EME, BE, COC, and ¢-
CIN was higher than 180 min (HYG was an exception in OF from
volunteer 3), and we must take into account larger time
windows in future OF sampling. Regarding AEME (a marker of
smoked cocaine abuse), the detection window was up to 60 min
in volunteer 1, whereas this alkaloid was not detected in
volunteers 2 and 3.>*** Similarly, TRO was also not detected in
any OF samples. These results can be explained taking into
account that AEME and TRO are alkaloids that are present in
low concentration in coca leaves.”>>* As an example, Fig. 2
shows LC-MS/MS chromatograms of HYG and CUS in OF from
volunteer 1 at 30, 60, 120 and 180 min after coca tea
consumption.

COC 20ng/mL; COC-d3 15ng/mL

CUS 20ng/mL

Fig. 2 Oral fluid LCMSMS ion chromatogram, spiked with: (A) 10 ng mL~* CUS, (B) 20 ng mL™* COC, 15 ng mL~* COC-d3 and 20 ng mL~* CUS.

This journal is © The Royal Society of Chemistry 2023
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Fig. 3 HYG (a) and CUS (b). LCMSMS chromatogram (volunteer 1). Sampling by spitting at 30, 60, 120 and 180 min.

Considering the cut-off values for COC and BE confirmation
in OF (8 ng mL ™" in DUID and WLDT), BE concentration is
above the international guideline requirement in all OF
samples while COC is below the cut-off point at 120 min in
volunteer 1, and at 180 min in volunteers 2 and 3 (COC was
measured only at 30 min and 180 min in OFs from volunteers 2
and 3). These results show COC/BE ratios higher than 1 at times
near to coca tea intake, and the ratios reverse to values lower
than 1 at larger times (COC is metabolized mainly to BE and
EME). Coca tea consumption markers (HYG and CUS) and coca
leaf alkaloids such as EME and ¢-CIN are positive throughout
the time window analyzed. We cannot rule out that the high
concentrations of some of the analytes (CUS, COC, EME, ¢-CIN,
and AEME) found at 30 min could be due to OF contamination
by coca tea residues in the mouth (Fig. 3).

Conclusions

The use of SPE as an extraction technique has been found to
improve the assessment of coca alkaloids in OF samples. The
SPE extraction method (Waters Oasis® HLB extraction
cartridges) and a large OF sample volume of 1 mL improve
significantly the LOD of the previous method by minimizing the
ionization suppression and background in the chromato-
graphic spectrum. OF samples analyzed from volunteers after
drinking a cup of coca tea seem to confirm this conclusion. The
modifications introduced in the method not only extended the
range of detection of coca leaf alkaloids but also the markers of
coca leaf consumption (CUS, HYG, and ¢-CIN) were found to
remain positive when COC and/or BE were above the cut-off of 8
ng mL ', The developed SPE method fulfills an important
requirement in the development of the method, i.e. detecting
CUS and HYG (positive window) when COC and/or BE concen-
trations are still above the internationally established cut-off
values. This first conclusion needs to be confirmed by analyzing
OF samples from a larger number of volunteers. The next step in
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the optimization of this method before being used in the toxi-
cology laboratory for routine analyses will be the selection of an
OF collector device since OF samples taken by spitting are
impractical for WDT or DUID control and unpleasant for the OF
donor. Finally, results of this work contribute to solving
a problem in some Latin American countries where coca leaf
consumption is traditional, deeply rooted, and legal. Although
the proposed coca leaf use markers (HYG, CUS, and ¢-CIN) are
not conclusive to rule out joint cocaine use, they are useful to
confirm that there was coca leaf use, and they can help judicial
authorities (DIUD and WDT) to differentiate both types of
consumption.
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