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Abstract

Analysis ofA°tetrahydrocannabino°THC) and its metabolites in biological samples is of great relevance for forensic purposes. Inthe case
of oral fluid (OF), the analysis should determin€THC, whereas in urine, it detects the inactive metabolite tetrahydrocannabinol carboxylic
acid (THC-COOH). Most laboratories analyaAdTHC in such samples using GC-MS methods, but these procedures are time-consuming
and involve unavoidable previous extraction and derivatization. No data is yet available on the application of liquid chromatography—mass-
spectrometry to deteck®THC in oral fluid. We report a validation method in which tA@THC is isolated from oral fluid by a simple
liquid—liquid extraction with hexane and subsequently analyzed by liquid chromatography—mass-spectrometry.

The method here reported for the determinatio&THC in oral fluid only requires 200l of sample and achieves limits of detection of
2ng/ml, and has been used to analyze oral fluid samples collected from current drug users.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction device in their mouth. The possibility of contamination or
substitution is minimal. The levels in saliva of substances
The oral fluid (OF) contains both saliva and other to be detected tend to be rather lower than those of the drugs
fluids and substances which are present in the oral cavity. metabolites in urine, thus analysis of OF is a more sensitive
Substances tend to be detectable in saliva for shorter periodgprocess.
than in urine, typically for the 12—-24 h after consumption The usefulness of oral fluid testing fax®tetrahydro-
[1]. A disadvantage of studying OF is that people are cannabinol A°THC)is related to its use as a diagnostic indi-
sometimes unable to produce sufficient amounts of fluid cator of recent inhalation of marihuana smok@THC was
for analysis. The greatest advantage of analysing OF is thatidentified as the major component in oral fluid with a detec-
samples can be collected in ways that both respect patientgion time ranging from 2 to 10 [2]. However, the detection
dignity and also assure staff that the sample comes fromof A°THC in oral fluid is linked to the contamination of the
the patient. Staff can directly observe patients when they oral cavity during smoking3—5]. Contrary to what Schramm
produce samples, usually by placing a collection tube or et al. [6] stated, neither carboxytetrahydrocannabinol nor
11-hydroxytetrahydrocannabinol were detected in oral fluid,
* Corresponding author. Tel.: +34 981 582327/563100x12205; and only in some cases were cannabinol and cannabidiol
fax: +34 981 580336. detected withA°THC [7]. Huestis and Cong8], reported
E-mail addressapimlriv@usc.es (M. bpez-Rivadulla). a significant correlation between mean values of oral fluid
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A®THC concentrations and performance measure of drug
effect, although with high individual variability. According T e s o JL
to Idowu and Caddj9], the oral fluid/plasma concentration 0 T80 190 220 250 280 310 346 ™=
ratio of A°THC varies over a wide range but, until now, in-
cluding recent reviewfl0-13] there is not enough data to
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clarify this relationship. Despite this, oral fluid is an inter- 100 i 7.67e6
esting biological sample for forensic interpretation purposes. 50V

Its main advantages are: it uses a non-invasive specimen, is
easy and rapid to take, and requires no special equipment
or facilities; also, the supervision of the collection of this
sample is more acceptable for the donor than urine or blood
collection.

Most laboratories analyz&°THC in blood and oral fluid
by time-consuming GC-MS methofisl—18] Hughes et al.
[19] were pioneers in setting up a LC-MS-MS method for ‘
the analysis ofA°THC in blood which involved comparing i [ ( bl ] ‘ |
several ionization techniques, columns, SPE procedures anc g Atk gl Al ; 1

. . 160 190 220 250 280 310 340

mobile phases. The main problem encountered was a low re-
covery rate (30%). Maralikova and Weinmd@0] reported a
sensitive LC-MS—MS method for the simultaneous analysis
of three forensic most relevant cannabinoid$THC, 11- 2. Experimental
hydroxy-A°THC and 11-nor-9-carboxA>THC, in plasma.
Recently, Valiveti and Stinchcom|21] applied LC-MS to 2.1. Chemical and reagents
quantify A°THC and metabolites in plasma and obtained
high levels of recovery when applying the method to phar-  Tetrahydrocannabino®THC) 1 mg/ml in metanol and
macokinetic studies in rats. However, no data are yet avail- A°THC deuterated (d3X°THC-d3) 100Qug/ml in methanol
able on the application of LC-MS to detesPTHC in oral as pure standards were supplied by Radian International
fluid. (Austin TX, USA). LC-MS Chromasoft grade Acetoni-

The method here reported for the determinatioA $THC trile (99.98% pure) was from Riedel déiein Sigma—Aldrich
in oral fluid only requires 200l of sample, and achieves Chemie (Schnelldorf, Germany). Hexane, formic acid
limits of detection of 2 ng/ml, using a simple liquid-liquid (98-100%), potassium dihydrogen phosphate and di-sodium
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Fig. 1. Full scan mass spectrum4fTHC at different cone voltages.

extraction procedure with hexane. hydrogen phosphate were from Merck (Barcelona. Spain).
Table 2
Repeatability and reproducibility results
Compound Concentration Recovery Repeatability ( = 6) Reproducibility ( = 6)
0,
(ng/mi) (%) Concentration C.V. (%) Bias (%) Concentration C.V. (%) Bias (%)
mean (ng/ml) mean (ng/ml)
ASTHC 2 208 63 392 189 147 -55
5 454 68 -9.3 487 43 -26
10 88.3 1020 100 20 1106 80 106
25 2483 56 -0.7 2468 65 -13
50 5045 90 09 5166 60 33
125 84.9 126 54 -38 11570 63 -74
250 24761 53 —-1.0 25713 26 2.8

Calibration curve: slope 0.0128 0.009, intercept 0.07& 0.004, coefficient of determinatioR{) 0.9954+ 0.003.
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Fig. 2. Full scan mass spectrumAfTHC-d3 at 20 V.

2.2. Preparation of standards and sample extraction

Calibration standards ok ®THC were prepared in drug-
free oral fluid by spiking with concentrated standards in order
to obtain a concentration range between 2 and 250 ng/ml.
25l of internal standardA®THC-d3 (1ug/ml) was added
for all concentrations.

The procedure was carried out with 20I00f oral sample
mixed with 1 ml of phosphate buffer pH 6 B@nsen buffer
(1/15 M), prepared by dissolving 9.07 g of potassium dihy-
drogen phosphate into 1 | of deionised water, and 11.6 g of di-
sodium hydrogen phosphate anhydrous into 11 of deionised
water (the NaHPQOy solution was used to adjust the KPIOy
solution to pH 6) and 5ml of hexane in a 25ml borosili-
cate glass tube. After mechanical shaking (30 min) and cen-
trifugating (10 min at 2792.5< @), the organic phase was
transferred to a borosilicate tube and evaporated ungat N
45°C. The dry extract was reconstituted in gl0of mobile
phase. The samples were transferred into autosampler vials
and 15ul was injected onto the LC-MS.

2.3. Chromatographic conditions

The final optimized LC separation was performed using
a Waters Alliance 2795 separation module system. Chro-

matography was carried out at ambient temperature, using a

XTerrd®MS C18 column (2.1 mnx 100 mm, 3.5.m), eluted
isocratically using 0.1% formic acid/acetonitrile 15:85, (v/v),
delivered at a flow rate of 0.25 ml/min.

Various tests were carried out with different formic acid
and acetonitrile ratios. For our purposes the ratio 0.1% formic
acid/acetonitrile 15:85 (v/v), was ideal for rapid analysis
following previous elution of coextracted endogenous sub-
stances, and the high content in acetonitrile improved the
ionization of the analyte. The best separation results were
obtained using a XTerf4aMS column as contrasted with oth-
ers (SymmetrT)-/M and SymmetryShieT(?l'I ). Data acquisition
was controlled using MassLynx NT 3.5 software.
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MS procedure was performed using a Micromass ZMD
2000 detector fitted with a Z-spray ion interface. lonization
was achieved using electrospray in the positive ionization
mode (ESI+). The following conditions were found to be op-
timal for the analysis of\STHC: capillary voltage, 3.5KkV,
source block temperature, 146 and desolvation gas (ni-
trogen) heated to 30@ and delivered at 500 I/llable 1
summarizes the conditions for the measurement SFHC
and its deuterated analogue.

The specificity (the ability of analytical method to dif-
ferentiate and quantify the analyte in the presence of other
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Fig. 3. (A) Blank Oral fluid with internal standars® THC-d3; (B) Oral fluid
drug-free spiked with 5ng/ml oA°THC; (C) Oral fluid drug-free spiked
with 125 ng/ml of ASTHC.
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Fig. 4. Chromatogram corresponding to real sample (case 9: 6.79 ng/ml).

components) was achieved by applying the extraction pro- recoveries fon®THC in oral fluid were carried out by com-
cedure to six different sources (oral fluid collected from the paring the analyte peak areas of the fortified samples with
saliva of six hon-drug consuming subjects), according Shahthose of the blank samples spiked, after extraction, with the
et al.[22]. The blank oral fluid extract with the internal stan- same amount of the analyte.

dard processed with this procedure showed a typical ion The limit of quantitation (LOQ), defined as the lowest
chromatogramKig. 3A). Dams et al[23] achieved selec-  concentration of analyte that could be measured reproducibly
tivity by a unique combination of retention time, precursor and accurately (CV <20% and bias20%), was 2 ng/ml. It
and fragment ion (SRM mode in triple quadrupole). In our should be noted that the observed LOQ for this technique
case, selectivity was obtained by a combination of retention was achieved by using 2@0 of oral fluid, whereas normally
time and SIR mode. Twavz ratios for A°THC were mon- 500-100Qul of specimen is used for GC-MS.

itored in SIR mode, one corresponding to pseudomolecular  Linearity was obtained with an average correlation coef-
ion (315.4), and the other to the appropiate fragment of the an-ficient (Rz, weighting factor 1¥) >0.99 over a range from the
alyte (193.1). This latter fragment was obtained through col- LOQ value up 250 ng/ml

lision in the cone with the residual solvent and gas molecules, The ESI mass spectra a°THC and its deuterated ana-

by a procedure described by Marq(i24] as “collision in- logue are shown ifrigs. 1 and 2In order to obtain a best
duced dissociation” (CID), and can be used as confirmation yield for the molecular ions (315.4 fax®THC and 318.4 for
ion for quantitation purposes. ASTHC-d3, respectively), 20V was the optimal cone volt-

age, while 50V was chosen for the qualifying ion (193.1).
Drug-free oral fluid spiked at 5 and 125 ng/ml with the
analyte and the internal standard, and extracted according the
proposal method showed typical ion chromatograms seen in

Fig. 3B and C.

3. Results and discussion

3.1. Validation of the analytical method

Table 3
Results obtained applying the method to 14 oral fluid samples

Sample Elapsed time (h) A®THC (ng/ml)

The repeatability (within-day precision) and reproducibil-
ity (between-day precision), determined by analyzing six
quality control samples at seven concentration levels (in the
same day and on six separate days, respectively), are shown* <1 >250

in Table 2 Results indicated that the accuracy of the assay g i—z >2;g78
was >90% and CV did not exceed 15%. According to Causon 4 1 5950
[25], all parameters obtained fall within the optimal precision 5 3 24064
and accuracy criteria. 6 Unknown 2258
For recovery studies, six replicates of two intermediate ’ >10 2780
concentrations (10 and 125ng/ml) with internal standard g Slo 3233
(ATHC-d3) were extracted by applying the previously de- 1, >10 2982
scribed extraction procedure. Six blank saliva samples with 11 >10 242
internal standardA°THC-d3), were then extracted in the 12 >10 2217
same way and the final dried extracts were spiked with the 13 ‘1‘—2 >;é(7)04

appropiate amounts ck®THC in mobile phase. Absolute
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Fig. 5. Chromatogram corresponding to real sample (case 5: 240.64 ng/ml).

Matrix effects were evaluated by postcolumn infusion of 2001) to research groups of excellence, and by EU under
A®THC into the MS detector and autosampler injection of ROSITA project.
extracted blank onto the analytical column, according exper-
imental setup developed by King et f26]. The experiment
was performed by triplicate to ensure its validity. We detected References
no suppresive effect.
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