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Introduction

New psychoactive substances (NPS), including synthetic cannabinoids (SCs), synthetic opioids and synthetic cathinones among other designer drugs continue to be associated with deaths and acute intoxications in Europe and elsewhere around the world. Despite a several banning measures introduced in this area, NPS continue to represent a challenge to current drug policy models. In 2018, the European Monitoring Center For drugs and drug addiction (EMCDDA) was monitoring more than 730 new psychoactive substances with an overall increase in presentations related to SCs and a decrease in presentations related to synthetic cathinones [START_REF]Trends and Developments[END_REF]. SCs are a group of drugs that mimic the effects of tetrahydrocannabinol (THC) which activates a receptor in the brain called the cannabinoid receptor type 1 (CB1 receptor) [START_REF] Huestis | Blockade of Effects of Smoked Marijuana by the CB1-Selective Cannabinoid Receptor Antagonist SR141716[END_REF]. CB1 receptor is a part of a so-called endocannabinoids signaling system that helps regulate behavior, mood, pain, appetite, sleep and the immune system among other physiological functions [START_REF] Pertwee | Cannabinoids[END_REF]. THC main psychoactive effects are characterized by the feeling of being 'stoned' or 'high'. This includes relaxation, euphoria, lethargy, depersonalization, distorted perception of time, impaired motor performance, hallucinations, paranoia, confusion, fear, anxiety, dry mouth, bloodshot eyes, tachycardia (an abnormally fast heart rate), nausea and vomiting [START_REF] Ford | Synthetic Pot: Not Your Grandfather's Marijuana[END_REF]. Since the 1990s, SCs were invented and synthesized by scientists to provide insights into disease and develop new medicines based on their similar activity to THC [START_REF] Pertwee | Cannabinoids[END_REF]. However, unlike THC which is only a partial agonist of CB1 receptor, CSs are total agonists explaining why they are more potent and toxic than THC itself. [START_REF] Alvarez | Cannabinoïdes de synthèse : aspects pharmacologiques[END_REF].

Severe effects of SCs commonly reported include serious cardiovascular toxicity (including sudden death), rapid loss of consciousness/coma, respiratory depression, seizures and convulsions, hyperemesis, delirium, agitation, psychosis, and aggressive and violent behavior [START_REF] Kim | Simultaneous determination of five naphthoylindole-based synthetic cannabinoids and metabolites and their deposition in human and rat hair[END_REF][START_REF] Schaefer | A fatal case involving several synthetic cannabinoids[END_REF][START_REF] Kasper | Severe Illness Associated with Reported Use of Synthetic Cannabinoids -Mississippi, April 2015[END_REF][START_REF] Schwartz | A Common Source Outbreak of Severe Delirium Associated with Exposure to the Novel Synthetic Cannabinoid ADB-PINACA[END_REF][START_REF] Shevyrin | Identification and analytical characteristics of synthetic cannabinoids with an indazole-3-carboxamide structure bearing a N-1-methoxycarbonylalkyl group[END_REF][START_REF] Trecki | Synthetic Cannabinoid-Related Illnesses and Deaths[END_REF][START_REF] Tyndall | An outbreak of acute delirium from exposure to the synthetic cannabinoid AB-CHMINACA[END_REF][START_REF] Hill | Clinical toxicity following analytically confirmed use of the synthetic cannabinoid receptor agonist MDMB-CHMICA. A report from the Identification Of Novel psychoActive substances (IONA) study[END_REF][START_REF] Springer | Increase in Adverse Reactions Associated with Use of Synthetic Cannabinoids -Anchorage, Alaska, 2015-2016[END_REF][START_REF] Waugh | Epidemiology and clinical features of toxicity following recreational use of synthetic cannabinoid receptor agonists: a report from the United Kingdom National Poisons Information Service[END_REF][START_REF] Adams | Zombie" Outbreak Caused by the Synthetic Cannabinoid AMB-FUBINACA in New York[END_REF]. Around the 2000s, SCs began to appear in Europe in products called 'Spice', 'K2', 'synthetic marijuana', and they were sold as 'legal highs' in mixture with plant material to be smoked as cigarettes ('joints'). Since, 179 cannabinoids have been identified on the drug market in hundreds of different products [START_REF] Evans-Brown | Fentanils and synthetic cannabinoids: driving greater complexity into the drug situation; an update from the EU Early Warning System[END_REF]. The EMCDDA reported that last year estimates of SCs use among 15-to 34-year-olds ranged from 0.1 % in the Netherlands to 1.5 % in Latvia [START_REF]Trends and Developments[END_REF]. People who use SCs include recreational users, high-risk drug users and individuals who are subject to drug testing (such as people in drug treatment, prisoners and drivers). Also, SCs are increasingly used by vulnerable groups, such as the homeless people.

Part of the problem in controlling SCs lies in their variety, their low cost, and the fact that they are undetectable by standard toxicology screening as they do not cross-react with THC commercial tests. Thus, their identification in different biological and non-biological matrices require reliable analytical methods based on chromatographic techniques coupled with mass spectrometry detection (e.g. GC-MS, GC-MS/MS and LC-MS/MS) [START_REF] Kim | Simultaneous determination of five naphthoylindole-based synthetic cannabinoids and metabolites and their deposition in human and rat hair[END_REF][START_REF] Presley | Metabolism and toxicological analysis of synthetic cannabinoids in biological fluids and tissues[END_REF][START_REF] Znaleziona | Determination and identification of synthetic cannabinoids and their metabolites in different matrices by modern analytical techniques -a review[END_REF][START_REF] Boumba | The analysis of 132 novel psychoactive substances in human hair using a single step extraction by tandem LC/MS[END_REF][START_REF] Akutsu | Analysis of 62 synthetic cannabinoids by gas chromatography-mass spectrometry with photoionization[END_REF]. Even if targeted screenings are highly sensitive and specific, they remain limited by the unavailability of reference standards (RS). Consequently, it is likely that the number of reported cases is underestimated. In recent years, high resolution mass spectrometry (LC-HRMS) methods allowed seeking for SCs without a need for RS as they are based on a shared MS spectra database continuously enriched with newly marketed NPS spectra [START_REF] Fabresse | Development of a sensitive untargeted LC-HRMS screening devoted to hair analysis through a shared MS2 spectra database: a step towards early detection of new psychoactive substances[END_REF]. When studying drug related intoxications or deaths, the analysis of biological specimens of drug users could be the most accurate and directly linked indicator of drug consumption. While blood and urine testing can provide useful information of recent exposure to drugs, hair testing allows to establish an extensive exposure pattern of past use and offers a wide detection window, up to months prior to sampling as drugs may remain stable in hair for a long time. Hair is also easy to collect (non-invasive), hard to adulterate and can be stored indefinitely [START_REF] Kintz | Hair analysis in forensic toxicology[END_REF][START_REF] Kintz | Hair analysis in clinical and forensic toxicology[END_REF]. The aim of the present study is to develop and validate an ultra-performance liquid chromatography coupled to tandem mass spectrometry (UPLC-MS/MS) assay for the determination of 16 SCs in hair. This method was successfully applied to document chronic use of JWH-122 following a non-fatal intoxication in a 42 years-old male. High-performance liquid chromatography (HPLC) grade acetonitrile, methanol, isopropanol and formic acid were obtained from Lichrosolv, VWR CHEMICALS (Ile-De-France, France).

Experimental

Chemicals and reagents

Ethyl Acetate and chloroform were provided by Carlo Erba (Val de Reuil, France). Dichloromethane, hexane, sodium phosphate and sodium carbonate were supplied by Sigma Aldrich (Saint Quentin Fallavier, France).

Ultra-pure water (18 MV) was obtained by ultrafiltration using a Q-Pod apparatus (Millipore Corp., Molsheim, France). Formate buffer (containing formate 2 mM and 0.1% formic acid) was prepared in ultra-pure water.

Working solutions, calibration standard, and quality controls

Two sets of working solutions were prepared at four concentration levels (0.001, 0.01, 0.1, and 1 mg/L) by dilution of a 10 mg/L intermediate solution with MeOH. IS working solution (25 ng/mL) was obtained by successive dilution of JWH-018-D11 (1g/L) solution in MeOH.

Calibration curves were prepared by spiking 20 mg blank hair with appropriate volumes of the previously mentioned solutions to produce calibration standards (CS) containing 1, 2.5, 5, 10, 25, 50,100, 500 and 1000 pg/mg of each SC. Quality controls (QCs) were prepared at 20, 250 and 750 pg/mg by the same way. All solutions were stored at -20•C until use.

Drug-free hair samples were collected from individuals who did not undergo any medication and were stored at room temperature.

Hair sample preparation

Hair was twice decontaminated using dichloromethane (immersions for 2 min) and washed once using warm water (immersion for 2 min). Hair was then grinded into a fine and homogeneous powder using a ball mill (MM200, FisherScientific, Illkrich, France). Each 20 mg were incubated in 1 mL of phosphate buffer (pH 5.0) at 95 °C for 10 min in the presence of 25 ng of JWH-018-D11 and appropriate volume of CSs or QCs working solutions when necessary. Liquid-liquid extraction was performed by 4 mL of a mixture of hexane/ethyl acetate (1/1, v/v) after addition of 2 mL of carbonate buffer (pH 9.7). After twenty minutes of stirring and centrifugation steps, the organic phase was evaporated to dryness under gentle air stream. The residue was reconstituted in 100 µL of mobile phase and 20 µL were injected into the chromatographic system.

LC-MS-MS system and conditions

Chromatography was performed on Accela liquid chromatography system (Thermofisher, Les Ulis, France) composed of a CTC analytics autosampler (Thermofisher), a multi-switch column module (MayLab multiswitch 3.0, Vienna, Austria) coupled to a quaternary eluting pump. The chromatographic separation was achieved using a porous Hypersyl Gold PFP column (100 × 2.1 mm i.d., particle size 1.9 μm, ThermoFisher) preceded by a javelin TM column filter (2.1 mm i.d.) and maintained at 30 C°. Elution of compounds was performed by a gradient of formate buffer 2 mM in 0.1% formic acid (A) and acetonitrile (B) starting from 30% of acetonitrile to 90% at a flow rate of 300 µL/min. The total analysis time was 14 min, including 2 min column re-equilibration.

Compounds were detected by a TSQ Vantage triple-quadrupole mass spectrometer (Thermofisher) equipped with an electrospray ionization (ESI) source set in positive ionization mode. Ion-spray voltage of +4 kV was applied. The capillary temperature was set at 350 °C. Nitrogen (Nitrox UHPLCMS 18, nitrogen generator, Domnick Hunter, Villefranche sur Saone, France) was employed as sheath and auxiliary gas at a pressure of 50 and 20 arbitrary units, respectively. The argon gas collision-induced dissociation was used with a pressure of 1.5 mTorr. The scan time was of 2 seconds. Data were collected in selected reaction monitoring (SRM) mode, with two m/z transitions per analyte. The determination of the optimal MRM transitions and respective collision energies for both quantifier and qualifier ions were carried out by direct injections of 1 µg/mL individual CRM solutions of SCs through the mass spectrometer. Protonated molecular ions [M + H]+ were selected with a mass resolution of ±0.5u (atomic mass unit) and fragmented with different collision energies (CE) to obtain two product ions for each parent drug.

Chromatographic data acquisition was performed using Xcalibur software (v2.2 SP1). Postanalysis processing was carried out using LCQuan software (v 2.7.0 SP1), ThermoFisher Scientific.

MRM transitions and retention times of synthetic cannabinoids investigated in the present study are reported in Table 1.

Analysis of plasma and recovered material from the case report

LC-MS/MS screening methods were performed on plasma and the recovered powder consumed by the patient just before the overdose.

Briefly, 500 µL of plasma were extracted with 4 mL of a mixture of heptane/ethyl acetate (v/v) in the presence of 100 ng/mL of JWH-018-D11. After agitation and centrifugation, the recovered organic phase was evaporated to dryness and the final residue was reconstituted in 100 µL of mobile phase. Three microliters were injected into the chromatographic system.

The separation was achieved using a porous Hypersyl Gold column (100 × 2.1 mm i.d., particle size 1.9 μm, ThermoFisher). Elution of SCs was performed in 9.5 min by the same gradient used for hair testing. The method as validated over the range 0.2-50 ng/mL and exhibited satisfactory validation parameters (data not shown).

Ten milligrams of the powder were weighted and diluted in 10 mL of methanol to obtain a 1 g/L solution. Three stock solutions at 1, 10 and 100 mg/L were then prepared by successive dilutions in the same solvent. Two hundred microliters of each solution were mixed with 20 µL of JWH-018-D11 (5 mg/L) and evaporated to dryness. The final residue was reconstituted in 200 µL of the mobile phase (the same used above) and 10 µL were injected. Compounds were eluted by an isocratic flow (200 µL/min) of formate buffer 2 mM in 0.1% formic acid (A) and acetonitrile (B) (60:40) in 7 min. JWH-122 was separated by turbulent flow chromatography (TFC) using Cyclone extraction column followed by HypersilGold column (100 × 2.1 mm i.d., particle size 1.9 μm, ThermoFisher) and quantified by mass spectrometry on TSQ Quantum Access Max (ThermoFischer). The method derived from a previously published methods for methoxetamine analysis [START_REF] Abe | An automated method for measurement of methoxetamine in human plasma by use of turbulent flow on-line extraction coupled with liquid chromatography and mass spectrometric detection[END_REF], and was fully validated over the range 100-5000 ng/mL (data not shown)

Method validation procedure

The method was validated for selectivity, carryover, linearity, limits of detection and quantitation (LOD and LOQ), trueness, precision (repeatability and intermediate precision), matrix effect and recovery.

Selectivity, carry over

Drug-free hair samples and samples spiked at the LOQ were analyzed in accordance with the described procedure to investigate whether endogenous matrix constituents interfered with the assay. Assay selectivity was defined by evidence of non-interference at retention times and ion channels of synthetic cannabinoids.

An extracted blank hair sample was also analyzed immediately after running three replicates of the highest CS (1000 pg/mg) to monitor the carryover.

Linearity

Six calibration curves including a blank reagent sample and eight calibration standards (CS) over the range 1 to 1000 pg/mg were assayed over a six-day period. Quantification was achieved by plotting the peak area ratios of each analyte to the internal standard. Backcalculated concentrations of the CS have to be within 85-115 % of the nominal concentrations.

Limits of detection (LOD) and quantification (LOQ)

The LOD was defined as the lowest concentration for which the full MS-MS spectrum could be identified with a signal to-noise ratio greater than 3.

The LOQ was defined as the lowest concentration for which trueness was between 80 and 120 % (bias ≤ 20%) and precision (coefficient of variation CV) of ±20 % or less was obtained over six measurements.

Trueness and precision

The trueness [(measured value-nominal value)/nominal value], bias) and precision (CV) of the method were carried out over 3 days. Each day, one calibration curve and six replicates of each QC level were assayed. The values obtained were processed using analysis of variance (ANOVA), which separated the intra-assay and inter-assay standard deviation and consequently the corresponding CV. The intra-assay CV takes into account the variability of the 6 replicates within each validation day and the inter-assay CV evaluates the variability between the three validation days. A trueness within the range 85-115% (bias ≤ 15%) of the nominal values and a precision with a CV of ±15% were required, except for the LOQ for which a range of 80-120% (bias ≤ 20%) and a CV of ±20% were accepted, respectively.

Matrix effect and overall method recovery

To investigate analyte recovery, solutions containing synthetic cannabinoids and the IS were: 

Post-process stability

Stability of processed samples was assessed by re-analysis of the three QC levels after conservation 24 h in the autosampler at +4 °C. Analytes were considered stable when the new concentrations were similar to those firstly obtained (CV ≤ 15%).

Application: Case report

A 42 years old man was hospitalized in the intensive care unit (ICU) one and half hour after sniffing a white powder ordered through internet as a SC. At the admission, the patient presented asthenia and faintness which rapidly worsened (within 2 h) by the appearance of a reactive bilateral mydriasis, high blood pressure (171/87 mmHg), abdominal contractures, palpitations, a constrictive thoracic gene with an irradiation to the jaw and back, renal pains and anuria. The patient had a clear and coherent speech (Glasgow 15) with no sign of neurological localization or a meningeal syndrome but he described intense pain in the flanks and the stomach with a sensation of contractures and acute cramps. He was discharged within 2 days without sequelae. Over the last year preceding his poisoning, the patient has been followed in addiction clinic for drug addiction first to ketamine and then, to other types of recreational drugs including SCs and cathinones.

A large toxicological assessment was requested. The powder involved in the overdose was recovered for identification. In order to understand patient's behavior regarding drugs use, a lock of hair (6 cm) was also sampled and segmented into 3 segments of 2cm: A (root, proximal): 0-2cm, B: 2-4cm and C (distal): 4-6cm. Each segment reflects a 2 months exposure period based on average hair growth rate of 1cm/month [START_REF] Kintz | Hair analysis in clinical and forensic toxicology[END_REF].

Results and discussion

The validation settings of SCs are summarized in table 2. The method exhibits a good linearity (determination coefficient r2 > 0.996) over the range 1 -1000 pg/mg, except for BB-22, AKB48-5F, AB-FUBINACA and 5F-PB-22 with LOQ at 10 pg/mg, and 5F-AB-PINACA with LOQ at 25 pg/mg. To compensate for heteroscedasticity, a weighted least squares model with a weighting factor 1/x was applied for all compounds. Inter-day bias and CVs for the back-calculated concentrations of calibration standards ranged from 0.35 to 3.67% and from 1.00 to 5.65 %, respectively. LOQs range from 1 to 25 pg/mg with CVs ≤ 15%. Blank and zero samples as well as the sample spiked with other relevant drugs and metabolites did not reveal any interference on the MRM transitions of SCs or the IS. Carryover in a blank sample directly injected after a 1000 pg/mg QC sample was below the limit of detection. (data not shown). Respective LODs were 0.3, 3 and 8 pg/mg accordingly (table 2). Intraday and inter-day trueness (bias) and precision (CVs) were ≤ 8.2 %, ≤ 14.3%, ≤ 8.3 % and ≤ 14.9%, respectively.

Overall recoveries ranged between 61 and 94 % and corrected matrix effect from 31 to 110 %.

Significant signal extinction due to matrix effect (≤ 43%) was observed for JWH-018-5-N(OH-pentyl), JWH-250, AB-FUBINACA and 5F-PB-22. Nevertheless, the developed method achieves sufficient validation criteria regarding accuracy, precision and LOQs.

This method proved to be suitable for the determination of JWH-018, JWH-018-5-N(OHpentyl), JWH-073, JWH-073-4-N(OH-butyl), JWH-122, JWH-200, JWH-019, JWH-250, AM-2201, EAM-2201, BB-22, ADB-PINACA, AKB48-5F, AB-FUBINACA, 5F-AB-PINACA, 5F -PB -22 in human hair. It has successfully been applied since 2015 to study the prevalence of SCs in high-risk populations from Paris and its suburbs [26]. Among the 318 hair samples screened within the period 2015-2017, JWH-122 is the only SC detected so far.

In the present case study, preliminary toxicological investigations show negative results for amphetamine, cannabinoids (THC), cocaine, opioids and acetaminophen in patient's urine.

The analysis of plasma by LC-MS/MS reports the presence of JWH-122 at 1.3 ng/mL. The recovered powder has also been identified as pure JWH-122 product (purity: 100 %). JWH-122 hair concentrations were: (A/B/C: 200/450/430 pg/mg) (figure 1), and was detected in combination with methylone (A/B/C: 21735/3000/2000 pg/mg), cocaine (A/B/C: 1540/2455/1555 pg/mg) and its metabolites BZE (430/880/365 pg/mg), EME (75/235/80 pg/mg), cocaethylene (6/5/6 pg/mg) as well as other pharmaceuticals (dextromethorphan, doxylamine) and cutting agents (levamisole, hydroxyzine and cetirizine) (Table 3). These findings confirm the polydrug abuse status of this patient.

According to the EMCDDA 2019 report, synthetic cannabinoids are the largest group of new substances seized and monitored in Europe. However, as most of commercial immunoassays do not cross-react with the extremely wide range of existing SCs, their prevalence is likely to be underestimated.

Since 2012, few studies tried to estimate the penetration of SCs into population through hair testing. Most of these techniques used mass spectrometry-based methods, especially LC-MS/MS for reasons of specificity and sensitivity. Ten to 100 mg of hair were needed to achieve acceptable limit of quantification ranging from 0.07 to 20 pg/mg. Liquid-liquid extractions using methanol, NaOH (0.5 or 1 N), ethanol or a mixture of hexane/ethyl acetate were used. The sample preparation lasts between 10 minutes and an overnight. The improvement of extraction recovery by heating the sample at 45°C or 95 °C was also employed [START_REF] Kim | Simultaneous determination of five naphthoylindole-based synthetic cannabinoids and metabolites and their deposition in human and rat hair[END_REF][START_REF] Boumba | The analysis of 132 novel psychoactive substances in human hair using a single step extraction by tandem LC/MS[END_REF][START_REF] Larabi | Prevalence of New Psychoactive Substances (NPS) and conventional drugs of abuse (DOA) in high risk populations from Paris (France) and its suburbs A cross sectional study by hair testing (2012-2017)[END_REF][START_REF] Hutter | Determination of 22 synthetic cannabinoids in human hair by liquid chromatography-tandem mass spectrometry[END_REF][START_REF] Salomone | Simultaneous analysis of several synthetic cannabinoids, THC, CBD and CBN, in hair by ultra-high-performance liquid chromatography tandem mass spectrometry. Method validation and application to real samples[END_REF][START_REF] Salomone | Hair analysis as a tool to evaluate the prevalence of synthetic cannabinoids in different populations of drug consumers, Drug Test[END_REF][START_REF] Gottardo | Screening for synthetic cannabinoids in hair by using LC-QTOF MS: A new and powerful approach to study the penetration of these new psychoactive substances in the population[END_REF][START_REF] Cirimele | O21: Testing for 18 synthetic cannabinoids in hair using HPLC-MS/MS: Method development and validation, its application to authentic samples and preliminary results[END_REF][START_REF] Moosmann | Hair analysis of synthetic cannabinoids: does the handling of herbal mixtures affect the analyst's hair concentration?[END_REF][START_REF] Franz | Synthetic cannabinoids in hair -Pragmatic approach for method updates, compound prevalences and concentration ranges in authentic hair samples[END_REF].

The low reporting of SCs in these studies could be explained in part by their high potency and thus their use at very low doses, which reduces their detectability, especially in hair. It could also be explained by their rapid metabolism leading to lower integration of parent drug into hair. Lastly, the high amount of seized SCs recorded by the EMCDDA and the low prevalence of SC in hair samples may show the effectiveness of regulation to control use as soon as there is enough scientific evidence demonstrating harmful effects. Even though inclusion criteria are broadly different, especially with regard to the studied populations (acute intoxications, forensic psychiatry inpatients, driving relicensing, drug abuse, withdrawal control subjects…etc.), these studies provided objective data to the prevalence of synthetic cannabinoids.

JWH-122 hair concentrations found in the literature ranged from 0.1 to 2800 pg/mg which demonstrated good integration of this SC into the hair matrix.

Our findings suggest repeated exposure to JWH-122 in this patient over the last six months prior to the overdose. High concentration in distal segment (C) with regard to the proximal segment (A) suggests decreasing exposure to JWH-122 over the last six months.

In this case, the overdose in this patient could be explained by a consumption of a high dose of a pure product as shown by the analysis of the recovered powder, rather than an increase in the frequency of consumption.

However, the interpretation of hair results can be challenging and several considerations should be taken into account to achieve unambiguous identification and accurate quantification of SCs in hair. Besides the need to choose the right sampling conditions (area of body to be sampled, orientation of the hair strand…etc.), preparation steps (washing, decontamination, extraction solvents, extraction time…etc.) and the analytical instrument, the most serious pitfalls of hair analysis to avoid are in the interpretation of the results. While a negative hair result does not categorically mean that the person did not use drugs if they have been exposed to a drug infrequently or in low doses. a positive hair findings suggest that a person has been exposed to a drug without excluding external contamination by handling of drug materials [START_REF] Moosmann | Hair analysis of synthetic cannabinoids: does the handling of herbal mixtures affect the analyst's hair concentration?[END_REF] or passive exposure to side stream smoke [START_REF] Hutter | Hair analysis for JWH-018, JWH-122, and JWH-210 after passive in vivo exposure to synthetic cannabinoid smoke[END_REF], which in case of SCs can lead to concentrations in hair up to 170 and 950 pg/mg, respectively [START_REF] Arbouche | Testing for AB-PINACA in human hair: Distribution in head hair versus pubic hair, Drug Test[END_REF]. It is therefore important to highlight these limitations when reporting the results.

As an alternative approach, targeting SCs metabolites in hair to deliver a proof for systemic drug uptake has been proposed. However, many studies showed low concentrations of metabolites compared to parent drugs which significantly reduced detection rates [START_REF] Kim | Deposition of JWH-018, JWH-073 and their metabolites in hair and effect of hair pigmentation[END_REF][START_REF] Park | P12 Determination of UR 144, XLR-11 and their metabolites in hair by LC/MS/MS[END_REF][START_REF] Sim | Determination of AB-CHMINACA and its metabolites in human hair and their deposition in hair of abusers[END_REF].

Hutter et al. reported that major metabolic pathways of JWH-122 include monohydroxylation on the naphthoyl moiety, indole moiety or at the N-alkyl chain, as well as dehydrogenation at the N-alkyl chain [START_REF] Hutter | Identification of the major urinary metabolites in man of seven synthetic cannabinoids of the aminoalkylindole type present as adulterants in "herbal mixtures" using LC-MS/MS techniques[END_REF][START_REF] Elsohly | Synthetic cannabinoids: analysis and metabolites[END_REF]. Uchiyama et al. identified the metabolites, N-(4-pentenyl)-JWH-122 and N-(5-hydroxypentyl)-JWH-122 in a herbal-type product sold in Japan [START_REF] Uchiyama | URB-754: a new class of designer drug and 12 synthetic cannabinoids detected in illegal products[END_REF].

In hair, Salomone et al. [START_REF] Salomone | O22: Quantification of 22 synthetic cannabinoids and 10 metabolites in human hair[END_REF] reported the presence of N-(5-hydroxypentyl) metabolite of JWH-122 at 2.5 pg/mg and 0.72 pg/mg in two samples. JWH-122 concentrations in the same samples were, respectively, 2800 pg/mg and 760 pg/mg. Parent drug-to-metabolite ratio was greater than 1000 in both cases. Unfortunately, this metabolite was not screened in our case as the reference standard was not available during the validation process.

On the other hand, many issues surrounding the screening for metabolites in hair may arise because some of them can be formed as degradation products after external contamination of the hair [START_REF] Franz | Metabolites of synthetic cannabinoids in hair--proof of consumption or false friends for interpretation?[END_REF], or as an artifact from structurally related SCs, as for JWH-122 metabolite that can be produced by the metabolism of MAM-2201 [START_REF] Jang | Determination of major metabolites of MAM-2201 and JWH-122 in in vitro and in vivo studies to distinguish their intake[END_REF][START_REF] Hutter | Characteristics of the designer drug and synthetic cannabinoid receptor agonist AM-2201 regarding its chemistry and metabolism[END_REF]. Therefore, the usefulness of metabolites as markers of systemic uptake has to be considered carefully for each individual SC.

In this context, complementary analysis of biological fluids (e.g. blood, or urine) is strongly recommended for confirmation of active SCs consumption. In our case, JWH-122 was measured in plasma at 1.3 ng/mL. In a set of synthetic cannabinoid cases, Knittel et al.

reported JWH-122 blood concentrations ranging from 0.12 to 27.46 ng/mL (mean= 2.83 ng/mL, median= 1 ng/mL, n=16) [46]. Thus, our finding is in agreement with previously published data, confirming an active use of this SC by the patient and discarding the only possibility of external contamination of hair.

Conclusion

In the present study, the validated UPLC-MS/MS method proved to be suitable for the detection and quantification of 16 synthetic cannabinoids in human hair samples. The method is linear over a wide range of concentrations, accurate, precise, specific and reached low limits of quantification. Since 2015, authentic hair samples were successfully analyzed with this method in a large cross-sectional study in Paris and its suburbs and allows to document chronic use of JWH-122 following a non-fatal overdose. The results of segmental hair analysis are in agreement with the concentrations found in current literature and suggest chronic use and good incorporation of the drug into the hair matrix.

Legends

Figure1: Chromatogram of an extracted segment A of patient's hair showing the two MRM transitions of JWH-122 and JWH-018-D11 (IS). 

A 1

 1 mg/mL certified reference materials (CRMs) of JWH-018, JWH-018 N-(5hydroxypentyl), JWH-018-D11, JWH-019, JWH-073, JWH-073 N(4-hydroxybutyl), JWH-122, JWH-200, AM-2201, JWH-250, AB-FUBINACA, 5F-AB-PINACA and 5F-PB-22 were obtained from Lipomed Standards (Arlesheim, Suisse). ADB-PINACA, AKB48 N-(5fluoropentyl), BB-22 (10 mg/mL) and EAM2201 (10 mg/mL) were purchased in ready to use solution from Cayman chemical company (Michigan, USA).

1 )

 1 spiked into 20 mg of hair sample before the entire extraction procedure; and 2). spiked after the extraction process to get a final CS of 100 pg/mg. The mean peak areas for each compound subjected to the complete extraction procedure were compared with those obtained from the extraction bypassed step, with the latter assumed to represent 100 % recovery.Matrix effect (ME) was defined as the ratio of the mean peak area obtained with six different blank hair matrices spiked at 100 pg/mg with SCs and IS after extraction to the mean peak area obtained in a pure solution of the same analytes at the same concentrations in reconstitution buffer. The corrected matrix effect (CME) was obtained by calculating the ratio of ME of each SC to the ME of the IS (CME= ME analyte/ME internal standard)

Table 1 :

 1 Retention times, MRM transitions and collision energies of SCs and IS

	Compound	RT (min)	Parent drug	Product ion (Quantification)	Product ion (Confirmation)
		min	m/z	m/z	CE (eV)	m/z	CE (eV)
	JWH-018	11.08	342.2	127.1	41	155.1	23
	JWH-018-5-N(OH-pentyl)	7.92	358.2	127.1	45	144.1	20
	JWH-073	10.51	328.2	127.1	40	155.1	23
	JWH-073-4-N(OH-butyl)	7.51	344.2	127.1	47	155.1	21
	JWH-122	11.57	356.2	169.1	25	141.1	40
	JWH-200	5.62	385.2	127.1	45	155.1	20
	JWH-019	11.69	356.1	127.0	47	155.1	22
	JWH-250	10.3	336.2	121.1	19	144.1	33
	AM-2201	9.85	360.2	155.1	24	232.2	23
	EAM-2201	10.72	388.3	183.1	29	153.1	46
	BB-22	10.93	385.3	240.2	24	144.1	39
	ADB-PINACA	8.27	345.2	215.1	24	300.2	14
	AKB48-5F	11.37	384.4	135.2	29	93.1	37
	AB-FUBINACA	6.88	369.3	109.1	37	253.2	26
	5F-AB-PINACA	6.47	349.3	233.1	26	145.1	43
	5F-PB -22	9.14	377.2	232.1	19	144.0	38
	JWH-018-D11 (IS)	11.00	353.2	127.1	44	155.1	

Table 2 :

 2 Validation parameters of SCs in hair coefficient of determination, LOD limit of detection, LOQ limit of quantification, CV coefficient of variation, QC levels for trueness and precision: Low 20 pg/mg, Mid 250 pg/mg, High 750 pg/mg

	Compound	r2	LOD	LOQ		Trueness (bias, %)				Precision CV (%)			Corrected	Recovery
			(pg/mg)	(pg/mg)													Matrix effect (MESC/MEIS)	(%)
					CV		Intra-day		Inter-day			Intra-day		Inter-day			
					(%)														
						Low Mid High Low Mid High Low Mid High Low Mid High	QC 100 pg/mg
	JWH-018	0.997	0.35	1	15.0	4.1	4.2	6.7	4.6	4.7	5.1	9.8	7.3	6.5	1.2	4.7	13.7	81	74
	JWH-018-5-N(OH-pentyl)	0.996	0.35	1	14.0	1.4	3.2	1.2	2.5	1.9	0.1	8.1	8.8	5.4	9.2	14.1 13.8	39	76
	JWH-073	0.997	0.35	1	12.0	1.7	3.5	1.8	1.3	3.6	2.3	14.3	8.6	9.4	11.3	5.0	11.1	74	73
	JWH-073-4-N(OH-butyl)	0.996	0.35	1	13.0	4.6	3.3	1.4	4.7	1.9	2.2	9.9	9.2	9.9	1.2	13.4 10.5	68	93
	JWH-122	0.997	0.35	1	11.0	0.1	1.4	1.1	0.6	0.3	0.3	6.1	5.0	8.2	7.1	13.1	9.4	92	71
	JWH-200	0.997	0.35	1	7.0	3.1	6.8	2.4	1.6	8.3	1.5	10.9	4.6	8.8	14.4 13.3 11.2	74	80
	JWH-019	0.997	0.35	1	13.3	0.1	1.8	3.7	0.5	1.2	4.2	7.6	9.1	10.4	7.5	10.3	6.4	103	68
	JWH-250	0.997	0.35	1	10.5	2.2	2.4	2.9	2.4	1.7	1.9	8.6	9.1	9.9	13.0 10.1	9.4	42	77
	AM-2201	0.996	0.35	1	13.2	1.5	0.9	3.3	0.6	1.7	3.5	10.3	6.8	8.4	11.8 13.3	2.2	54	79
	EAM-2201	0.998	0.35	1	10.5	5.3	1.0	4.8	5.8	0.7	4.5	11.1	8.7	8.5	5.6	5.7	12.7	83	78
	BB-22	0.996	3	10	6.4	2.2	0.3	1.9	3.3	1.4	2.5	5.4	7.5	7.5	11.9	9.3	8.4	81	79
	ADB-PINACA	0.996	0.35	1	11.3	3.5	8.2	5.3	3.9	8.1	6.8	4.7	8.5	9.6	14.3	0.8	12.6	106	74
	AKB48-5F	0.999	3	10	5.6	4.9	6.0	3.5	5.3	3.7	2.7	6.4	8.2	7.9	14.2 10.2 14.3	74	71
	AB-FUBINACA	0.997	3	10	5.4	1.1	7.0	5.6	7.6	7.4	3.8	9.1	6.3	7.9	9.3	11.8 14.9	43	61
	5F-AB-PINACA	0.996	8	25	8.6	*	2.1	7.0	*	1.3	6.5	*	10.8	6.9	*	7.6	14.9	110	61
	5F -PB -22	0.996	3	10	9.5	2.5	2.2	3.9	2.7	2.1	2.7	12.4	9.9	7.9	7.2	3.2	12.4	43	61
	r 2																		

*: QC levels at 20 pg/mg has not been evaluated for 5F-AB-PINACA as the LOQ was 25 pg/mg

Table 3 :

 3 Results of hair analysis for JWH-122 and other detected DOA, pharmaceuticals and cutting agents

	Compound	Hair concentrations(pg/mg)
		Segment A	Segment B	Segment C
		0-2 cm	2-4 cm	4-6 cm
	JWH-122	200	450	430
	Methylone	21735	3000	2000
	Cocaine	1540	2455	1555
	Benzoylecgonine (BZE)	430	880	365
	Ecgonine methyl ester (EME)	75	235	80
	Cocaethylene (CE)	6	5	6
	Levamisole	310	2930	1990
	Hydroxyzine	1400	110	265
	Cetirizine	115	20	20
	Dextromethorphane	3540	6385	8370
	Doxylamine	3840	80	65
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