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Today, NPS are increasingly being related to post-mortem cases, and this problem drastically intensifies as a result of the New Synthetic Opioids (NSOs) surge. Among NSOs, carfentanil (CaF) is the most potent fentanyl analogue and was central to a large number of NSOs-related fatalities in North America, as well as in UE, since 2016. In this worrisome context, this manuscript reports the first CaF-related fatality occurred in France. A 41-years-old man was found dead with a syringe planted under his tongue. This man has a psychiatric follow-up for opiate addiction and his recent medical history included intoxication with fentanyl derivatives. Toxicological investigations of post-mortem samples (blood, urine and hair), and syringe were requested. CaF (with several other psychoactive drugs at non-toxic level) was detected in biological samples and in syringe residue using LC-HRMS, and quantified using LC-MS/MS in blood, urine and hair (from proximal to distal hair section -3 cm length each) at 4.20, 0.40 µg/L and 54/114/166 pg/mg, respectively. The relatively high post-mortem CaF blood concentration together with the absence of metabolite (especially NorCaF) suggests a sudden death of the victim immediately following a significant CaF dose intake (presumably injected) that can explain the decease.

Introduction

New Psychoactive Substances (NPS) represent currently a significant challenge for both judicial and public health policy-makers, as well as an analytical and interpretive challenge for (forensic) toxicologists [START_REF] Madras | The Growing Problem of New Psychoactive Substances (NPS)[END_REF][START_REF] Soussan | The diverse reasons for using Novel Psychoactive Substances -A qualitative study of the users' own perspectives[END_REF][START_REF] Logan | Reports of adverse events associated with use of novel psychoactive substances, 2013-2016: a review[END_REF][START_REF] Huestis | Impact of novel psychoactive substances on clinical and forensic toxicology and global public health[END_REF]. In particular, NPS are increasingly being related to postmortem cases. Today, this worldwide major public health problem drastically intensifies as a result of the New Synthetic Opioids (NSOs) surge. Indeed, NPS manufacturers appear to be increasingly targeting NSOs owing to the high profitability of these substances in an increasing opioid market. Unlike most NPS, NSOs are not only sold on online markets, but also on the usual illicit market where they are sold as heroin, or mixed with heroin and other illicit drugs (e. g. cocaine) and even counterfeit medications. NSOs are causing considerable concern in North America where NSOs significantly contribute to the US opioid epidemic.

NSOs intoxications result in a classical opioid toxidrome, which can be reversed with the competitive antagonist naloxone. Nevertheless, naloxone doses have to be increased (compared to usual naloxone doses used to reverse heroin overdose) to be effective owing to the putative high opioid potency of NSOs [START_REF]European Drug Report 2018: Trends and Developments[END_REF] e.g. carfentanil [START_REF] Cole | Controversies and carfentanil: We have much to learn about the present state of opioid poisoning[END_REF]. For 4 years, deaths related to opioid use have been increasing in the USA, with a growing proportion due to NSOs. Until 2013, several deaths of heroin users have been described as related to the use of heroin contaminated with NSOs. Since then, fentanyl and NSOs has caused deaths in every USA states and NSOs have infiltrated the North American heroin supply: illicit pills containing fentanyl, fentanyl analogs, and other NSOs, such as U-47700, are regularly detected. As a consequence, over 700 deaths have been related to fentanyl and its analogs in the USA between 2013 and 2014 [START_REF] Armenian | Fentanyl, fentanyl analogs and novel synthetic opioids: A comprehensive review[END_REF][START_REF] Prekupec | Misuse of Novel Synthetic Opioids: A Deadly New Trend[END_REF][START_REF] Zawilska | An expanding world of novel psychoactive substances: Opioids[END_REF]. In 2017, 29 400 out of the 72 000 overdose deaths in the USA were related to fentanyl and NSOs [START_REF]Abuse data (CDCD Wonder)[END_REF]. This increase of overdose deaths involving NSOs has shifted towards Europe since 2015/2016 as indicated by increasing reports of non-fatal intoxications and deaths related to NSOs received by the Early Warning System of the EMCDDA [START_REF]European Drug Report 2018: Trends and Developments[END_REF][START_REF] Pichini | European drug users at risk from illicit fentanyls mix[END_REF][START_REF] Misailidi | Fentanyls continue to replace heroin in the drug arena: the cases of ocfentanil and carfentanil[END_REF]. In France, NSOs problem is also worrisome as testified by several recently (2016-2018) reported ocfentanil-related fatalities [START_REF] Allibe | Ocfentanil in France: Seven case reports (2016-2018)[END_REF].

Today available NSOs currently encompass many fentanyl derivatives (e.g. acetylfentanyl, butyryfentayl, carfentanil, furanylfentanyl, ocfentanil, …), benzoamide compounds (e.g. AH-7921, U-50488, U-51754, U-69,593, U-47700, U-48800, U-47931E, U-47900, …), and other compounds like piperazine (MT-45), N-desmethyltramadol, … [START_REF] Prekupec | Misuse of Novel Synthetic Opioids: A Deadly New Trend[END_REF][START_REF] Zawilska | An expanding world of novel psychoactive substances: Opioids[END_REF][START_REF] Loew | Structureactivity studies of two classes of beta-amino-amides: the search for kappa-selective opioids[END_REF][START_REF] Helander | MT-45, a new psychoactive substance associated with hearing loss and unconsciousness[END_REF][START_REF] Wohlfarth | Metabolic characterization of AH-7921, a synthetic opioid designer drug: in vitro metabolic stability assessment and metabolite identification, evaluation of in silico prediction, and in vivo confirmation[END_REF][START_REF]Novel opioid U-51754[END_REF][START_REF] Fabregat-Safont | Updating the list of known opioids through identification and characterization of the new opioid derivative 3,4-dichloro-N-(2-(diethylamino)cyclohexyl)-N-methylbenzamide (U-49900)[END_REF][START_REF] Mohr | Analysis of novel synthetic opioids U-47700, U-50488 and furanyl fentanyl by LC-MS/MS in postmortem casework[END_REF].

Among NSOs, carfentanil (CaF) is the most potent of the commercially available fentanyl analogues as it exhibits the higher-affinity mu (μ) opiate receptor: during a tail withdrawal test in animal (non-human) models, CaF was estimated to be about 10,000 times more potent than morphine and 100 times more potent than fentanyl. CaF is a derivative of fentanyl (addition of a methoxycarbonyl group) (Figure 1) that was first developed by Janssen Pharmaceutica in 1974 [START_REF] Stanley | entrepreneur extraordinaire, innovative scientist, and significant contributor to anesthesiology[END_REF][START_REF] George | Carfentanil--an ultra potent opioid[END_REF]. Expect for binding studies [START_REF] Kim | Longer occupancy of opioid receptors by nalmefene compared to naloxone as measured in vivo by a dual-detector system[END_REF][START_REF] Quelch | Imaging endogenous opioid peptide release with [11C]carfentanil and [3H]diprenorphine: influence of agonistinduced internalization[END_REF], CaF sole approved use is by veterinarians (under the brand name of WILDNIL TM ) to incapacitate various species of large (and mainly exotic) wildlife including bears, elephants, rhinoceros, … and a typical CaF dosage to immobilize such animals is 10 μg/kg [START_REF] Cushing | Anesthesia of Tibetan yak (Bos grunniens) using thiafentanil -xylazine and carfentanil -xylazine[END_REF]. In this context, the first documented human exposure to CaF (Chicago, USA, 2010) concerned a 47-year-old male splashed his eyes and mouth accidently with the contents of a tranquillizer dart containing 1.5 mg CaF citrate. He became drowsy two minutes later and 100 mg of naltrexone (whose antagonistic potency is approximately twice that of naloxone) were needed to reverse toxic effects [START_REF] George | Carfentanil--an ultra potent opioid[END_REF].

On October 26, 2002, Russian Special Forces deployed a chemical aerosol against Chechen terrorists to rescue hostages in the Dubrovka theatre. Although the Russian authorities have never admitted it, an aerosol comprised a mixture of two anaesthetics including CaF was certainly used [START_REF] Glasser | Russia Confirms West's Suspicions about Deadly Gas[END_REF][START_REF] Wax | Unexpected ''gas'' casualties in Moscow: a medical toxicology perspective[END_REF][START_REF] Riches | Analysis of clothing and urine from Moscow theatre siege casualties reveals carfentanil and remifentanil use[END_REF].

Since 2016, CaF has wildly emerged in the USA, in particular as a contaminant in street heroin. In 2016, a darknet search engine gave 118 websites selling CaF [START_REF]Ohio has most carfentanil seizures in United States[END_REF]. CaF was central to a large number of emergency department visits and several deaths due to intoxication were recorded in various different US states in 2016. In Ohio, more than 4,000 deaths were linked to opioids in 2016, with a 36 % increase attributed to heroin and CaF abuse [START_REF] Misailidi | Fentanyls continue to replace heroin in the drug arena: the cases of ocfentanil and carfentanil[END_REF][START_REF] Swanson | Fatalities Involving Carfentanil and Furanyl Fentanyl: Two Case Reports[END_REF]. From September 2016 to January 2017, CaF was identified in 262 post-mortem blood specimens originated from Florida, Illinois, Indiana, Kentucky, Michigan, Ohio, West Virginia, Tennessee and Wisconsin [START_REF] Shanks | Detection of Carfentanil by LC-MS-MS and Reports of Associated Fatalities in the USA[END_REF]. In another large study, Papsun et al. reported CaF concentrations in 355 post-mortem blood specimens (fatalities originated mainly from Michigan, Florida, Ohio, and various states at east of the Mississippi river) between October 2016 and April 2017 [START_REF] Papsun | Observed carfentanil concentrations in 355 blood specimens from forensic investigations[END_REF].

In Europe, CaF was first reported to EMCDDA in December 2012: identification in a seized powder by police in Latvia. In the same period and in the same European country, an alert on carfentanil noted that the drug was related to several unconfirmed deaths [START_REF]Europol 2013: annual report on the implementation of Council Decision 2005/387/JHA[END_REF]. Until 2016, CaF detections were limited to Latvia, Lithuania and Estonia. Since then, at least 60 fatalities related to CaF were notified in 9 EU countries. For instance, a serie of seven deaths involving CaF occurring in the UK (from February to June 2017) was reported together with postmortem blood concentrations [START_REF] Elliott | A Series of deaths involving carfentanil in the UK and associated post-mortem blood concentrations[END_REF]. Around 25% of seizures reported to EMCDDA (a total of more than 800 seizures) occurred in the first months of 2017 and in almost 50 % of these cases, CaF was detected in mixtures with another opioid. Today, CaF is a controlled substance in many countries in Europe (including France, since 5 th of September 2017 [START_REF]1990 fixant la liste des substances classées comme stupéfiants[END_REF]), as well as USA, Canada, Australia, and China. Nevertheless, CaF intoxication reports continue. For instance, a non-fatal CaF (0.025mg nasally and 0.025mg iv) intoxication, and 2 other nonfatal CaF intoxication cases have been reported in 2017 in Sweden [START_REF] Franzén | An analytically confirmed non-fatal intoxication by carfentanil in Sweden[END_REF], and in France [START_REF] Authier | réseau français d'addictovigilance. Dérivés du fentanyl ou fentanyloïdes : un risque majeur d'overdose[END_REF][START_REF] Eysseric | Norcarfentanil, un métabolite d'intérêt dans le diagnostic toxicologique : à propos de 3 hospitalisations[END_REF], respectively. In this context, this manuscript aims to report a CaF related fatality occurred in the end of 2017 in South-west France.

Case history

In December 2017, a 41-years-old man was found dead in his bedroom at his grandparents. An empty 2.5 mL syringe was planted under his tongue. Empty boxes of alprazolam and zolpidem, together with a plastic vial containing a bottom of pale yellow viscous liquid, were found close to the body. This victim had a psychiatric follow-up for many years for personality disorders and addiction to opiates (heroin), cannabis and stimulants (cocaine). In recent years, he bought several substances on the darkweb including opioids and synthetic cannabinoids. His medical history included a previous intoxication with a fentanyl derivative: on February 2017, he was found unconscious at home in respiratory arrest (miosis and hypothermia). He was intubated and sedated on site, before being transferred in intensive care unit. Few days later, he explained that he used a "fentanyl powder" (injection) receipted (by mail) from a German friend. Two days after, he was found again comatose at home, and hospitalized after a supposed intravenous injection of heroin. He subsequently incriminated the use of a "too much dosed fentanyl". An antidote "nasal" treatment (NALSCUE TM ) was prescribed and entrusted to a friend who lived with him. Ten days later, he was again hospitalized for agitation: he alternates laughing and muscle contraction together with beating time with his hands. He was subsequently hospitalized in psychiatric unit for 15 days. At the time of his death, the victim beneficed of methadone treatment (60 mg/day) and was known to consuming not prescribed morphine (SKENAN TM ). The Prosecutor requires an autopsy, and subsequently toxicological investigations of post-mortem samples (blood, urine and hair), syringe and vial.

Material et Methods

Systematic toxicological investigations

In addition, to general screenings (see below) selective assays for alcohols, several classes of therapeutic drugs, drugs of abuse (DOA) or other toxicants were carried out with various adhoc dedicated methods including immunoassays, headspace gas chromatography with flame ionization detection (HS-GC-FID), liquid chromatography with a diode array detection (LC-DAD), gas a chromatography with mass spectrometry detection (GC-MS) and liquid chromatography with tandem mass spectrometry detection (LC-MS/MS).

General screening

Comprehensive screenings of drugs and toxic compounds were performed in post-mortem blood (peripheral) and urine samples, in the residue of the syringe (needle and corpse of the syringe rinse with 1 mL methanol) and in the liquid of the vial, using two already published methods: (1) gas chromatography with mass spectrometry detection (GC-MS / HP 6890 GC System and quadruple mass analyzer Agilent 5973, Agilent Technologies, USA) [START_REF] Ameline | Determination of a threshold fatal 3-MMC concentration in human: mission impossible[END_REF], and (2) liquid chromatography with high resolution mass spectrometry detection (LC-HRMS / XEVO G2-XS QTOF, Waters, Manchester, UK) [START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF][START_REF] Richeval | Retrospective identification of 25I-NBOMe metabolites in an intoxication case[END_REF][START_REF] Allibe | Case reports: four concomitant non-fatal intoxications with AB-FUBINACA and MDMA[END_REF][START_REF] Richeval | Case report: relevance of metabolite identification to detect new synthetic opioid intoxications illustrated by U-47700[END_REF].

Briefly, for (1) GC-MS screening, the injector was maintained at 280 °C, sample injection volume was 1 µL in splitless mode and separation (helium as carrier gas) occurred in a HP-5MS capillary column (30 m length, 0.25 mm inner diameter, 0.25 µm film thickness, Agilent Technologies USA). The mass detector was set to positive electron impact mode (70 eV) and was operating in a full scan mode. Identification of substances was supported by comparison of observed mass spectrum with spectra of standards included in commercial and free specialized libraries (e.g. SWGDRUG Mass Spectral Library version 2.3 and Cayman Spectral Library -CSL). For [START_REF] Soussan | The diverse reasons for using Novel Psychoactive Substances -A qualitative study of the users' own perspectives[END_REF], liquid extraction was performed using an OASIS HLB online column (30 x 2.1 mm, 20 µm) (Waters, Manchester, UK) and the chromatographic separation was performed using an ACQUITY HSS C18 column (150 x 2 mm, 1.8 µm, Waters) in an oven at a temperature of 50 °C. Mass spectrometric conditions were as follows: positive electrospray ionization interface (ESI+), ion spray voltage of 20 V, nitrogen as desolvation gas and argon as collision gas, source temperature at 140 °C and desolvation temperature at 500 °C with a desolvation gas (nitrogen) flow rate of 900 L/h. Conditions for the time of flight mass spectrometer scan mode were as follows: scan range 100-1000 m/z at 6 eV (low energy) and 50-1000 m/z with a collision energy ramp from 10-40 eV (high energy).

Data process was performed using ChromaLynx, TargetLynx, MassFragment and MetaboLynx associated softwares (Waters) using a homemade database of more than 1.600 substances including more than 600 (feb 2018) NPS or metabolites.

Hair sample pre-treatment

It is of note that this LC-HRMS screening was also applied to (brown, 9 cm length) hair sample as follow: this hair sample was decontaminated using 2 x 2-min baths in water, followed by 2 x 1-min baths in dichloromethane. Hair stand was segmented in three section 3cm length. Each hair section was cut into small pieces (< 1 mm), and 20 mg of hair subsequently soaked in 500 µL of methanol for one hour at 60 °C. After centrifugation, 100 µL of supernatant were added to 100 µL of IS mixture (100 µL of methanol-containing β-OHethyltheophyllin at 1.6 µg/L), evaporated and reconstituted using 100 µL of ammonium formate buffer 5mM, pH 3 and acetonitrile in 0.1 % formic acid (87/13, v/v) [START_REF] Wiart | Analyses capillaires d'un cas d'intoxication par la diphénidine et le 5-MeO-DALT fournissant des données sur les concentrations dans les cheveux de nombreux nouveaux produits de de synthèse[END_REF][START_REF] Nachon-Phanithavong | Intoxication aiguë et consommation chronique de cathinones chez un polyconsommateur[END_REF][START_REF] Deheul | Cardiomyopathie de Takotsubo chez un consommateur régulier de 4-fluoroamphétamine[END_REF][START_REF] Richeval | Analyses capillaires au décours des intoxications par les nouveaux produits de synthèse[END_REF].

Specific CaF investigations

In agreement to the literature recommendations [START_REF] Kronstrand | LC-QTOF-MS as a superior strategy to immunoassay for the comprehensive analysis of synthetic cannabinoids in urine[END_REF], and as previously reported [START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF], an in vitro, in silico and in vivo approach was applied for (i) CaF and metabolites presence confirmation and (ii) CaF quantitation in post-mortem samples.

CaF metabolites investigations (in vitro and in silico)

Metabolites of CaF were in vitro investigated by analyzing human liver microsomes (HLMs) incubates by liquid chromatography with high-resolution mass spectrometry detection (LC-HRMS) and then, retrospectively, investigated in biological samples as previously reported [START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF][START_REF] Richeval | Case report: relevance of metabolite identification to detect new synthetic opioid intoxications illustrated by U-47700[END_REF][START_REF] Kintz | Detection of the designer benzodiazepine metizolam, in urine and preliminary data on its metabolism[END_REF][START_REF] Richeval | Detection of the designer benzodiazepine flunitrazolam in urine and preliminary data on its metabolism[END_REF][START_REF] Richeval | In vitro characterization of NPS metabolites produced by human liver microsomes and the HepaRG cell line using liquid chromatography-high resolution mass spectrometry (LC-HRMS) analysis: application to furanyl fentanyl[END_REF]. Briefly, HLMs were pre-activated by alamethicin on ice in an intermediate volume of 50 µL in 0.1 M Tris-HCl-MgCl2 at pH 7.4. This mixture was added to a 50 µLdried residue of 100 µM of CaF methanolic solution. Fifty µL of a cofactor mixture (5 mM UDPGA, 1.3 mM NADPH, 3.3 mM G6P and 0.5 U/mL G6PD) in 0.1 M Tris-HCl was then added. The enzymatic reaction was performed at 37 °C for 60 min and stopped by the addition of 200 µL of methanol. Samples were frozen at -20°C until analysis. HLM incubate samples were consequently analysed using the LC-HRMS method described above. Data process was performed using ChromaLynx, TargetLynx, MassFragment and MetaboLynx associated softwares (Waters, Manchester, UK). A software algorithm (MetaboLynx™) was used in order to in silico predict CaF biotransformations. Data about CaF metabolism were available since 2016: 12 metabolites were identified and N-dealkylation and monohydroxylation of the piperidine ring were the dominant metabolic pathways. Two Noxide metabolites and one glucuronide metabolite were also observed [START_REF] Feasel | Metabolism of carfentanil, an ultra-potent opioid, in human liver microsomes and human hepatocytes by high-resolution mass spectrometry[END_REF]. As a consequence, taking into account these data, sets of theoretically possible biotransformations of CaF were created, and the automated metabolite profiling process was completed (i) in agreement with main fragment ions preliminary established, and (ii) through the use of the fragmentation interpretation software tool MassFragmentTM 4.1 (Waters), to enable software driven assignment of metabolite structures from fragmentation patterns (Table 1). The LC-HRMS acquired data of HLM incubates are subsequently cross-checked to in silico predicted.

CaF quantitation and metabolites investigations (in vivo)

CaF and metabolites were investigated in biological samples using both a LC-HRMS method (described above) and a more specific and sensitive LC-MS/MS method. This last method was also used for CaF determination in blood, urine and hair samples. Briefly, 100 µL of blood or urine sample were deproteneinized (300 µL methanol) and 100 µL of supernatant were added with internal standard (100 µL of methanol-containing β-OH-ethyltheophyllin at 1.6 µg/L), subsequently diluted (200 µL of ammonium formate / 0.1 % formic acid buffer).

Blood and urinary extracts together with hair extract (see above) were analyzed using a XEVO TQS system (Waters, Manchester, UK). after separation by an AcquityTM UPLC HSS C18 column (1.8 µm, 2.1×150 mm, Waters, Manchester, UK) using a gradient of (A) 5 mM ammonium formate / 0.1 % formic acid buffer, and (B) ACN / 0.1 % formic acid as mobile phase at a flow-rate of 0.4 mL/min during 15 min. The oven temperature was set at 50°C and the injection volume was 10 µL. The gradient elution started with 87% of solution A for 0.5 min, decreased to 50 % at 10 min, and to 5 % at 10.25 min. The washing step with 95% of solution B was hold from 10.25 min to 12.5 min and the initial condition was applied from The validation procedure of CaF quantitation complied with both the French Analytical Toxicology Society (SFTA) and international recommendations for the validation of new analytical methods [START_REF] Glasser | Russia Confirms West's Suspicions about Deadly Gas[END_REF][START_REF] Wax | Unexpected ''gas'' casualties in Moscow: a medical toxicology perspective[END_REF] including linearity, limit of detection (LOD), limit of quantification (LOQ), accuracy, precision and matrix effects. Calibration curves, estimated using 1/x weighted quadratic regression, were considered acceptable if the coefficient of determination (r²) was at least 0.99. The LOD was defined as the lowest concentration with the two transitions presence and a signal-to-noise ratio of at least 3. The LOQ was the lowest concentration with the two transitions presence and an intra-assay precision CV% and a relative bias lower than 25%.

Results

Nicotine, menthol, cannabidiol, and cannabidivarol were detected in the pale yellow viscous liquid from the vial found close to the body. This result and the aspect of this liquid were coherent with an e-liquid nature (i.d. liquid for electronic cigarette device) of this sample.

Analyses performed in residue of the syringe (found planted under the victim's tongue) revealed traces of various substances: CaF, methamphetamine, ketamine, codeine, dextromethorphan, zolpidem, cannabidiol, and nicotine. This result is challenging to interpret as detection can be here a consequence of (i) real presence in the liquid placed in the syringe and injected just before the decease, and/or (ii) remainder traces from previous injections using this syringe and/or (iii) contamination by oral fluid of the victim.

Positive results of toxicological investigations in biological samples are presented in Table 2.

We were able to detect using LC-HRMS screening method and to quantify CaF in blood*, urine and hair using LC-MS/MS at 4.20, 0.40 µg/L and 54/114/166 pg/mg (proximal to distal 3-cm length hair section), respectively (*LOD: 0.05 µg/L, LLOQ: 0.1 µg/L, ULOQ: 50 µg/L, interday CV and bias (n=5) < 20 %, coefficients of determination superior to 0.99 for each calibration curve). Aside from the presence of CaF, these results are coherent with recent use of ketamine, opiates, methamphetamine, cannabis, methadone, alprazolam, zolpidem. Four CaF metabolites were produced using HLMs but none (including the eight other CaF metabolites previously reported in literature) was detected in blood, urine or hair (Table1).

Discussion

Due to its extreme potency, (i) laboratories and analysts should at first be extremely cautious and take appropriate safety measures when handling CaF, and (ii) owing to very low subsequently concentration in biological samples, analytical methods for CaF must be highly sensitive. In this last way, analytical method applied to the detection of CaF in human whole blood specimens (i) should be sufficiently sensitive to detect sub-0.1 µg/L concentrations, and (ii) currently exhibiting a LOD ranging from 0.01 to 0.05 µg/L [START_REF] Misailidi | Fentanyls continue to replace heroin in the drug arena: the cases of ocfentanil and carfentanil[END_REF][START_REF] Fogarty | Analysis of Fentanyl and 18 Novel Fentanyl Analogs and Metabolites by LC-MS-MS, and report of Fatalities Associated with Methoxyacetylfentanyl and Cyclopropylfentanyl[END_REF][START_REF] Gerace | Analytical Approaches in Fatal Intoxication Cases Involving New Synthetic Opioids[END_REF]. Several dedicated LC-MS/MS or LC-HRMS methods for CaF detection and quantitation have been previously published. It is of note that (i) a LC-MS/MS method using 5 μL dried blood spots (DBS) was recently proposed for detection of seventeen fentanyl derivatives and metabolites (including CaF and norCaF with LOD of 0.1 µg/L.) [START_REF] Seymour | Determination of Fentanyl Analog Exposure Using Dried Blood Spots with LC-MS-MS[END_REF], and that (ii) an alternative untargeted approach for the detection of NSOs, not directly based on the structure of the opioids, but on their opioid activity, was recently proposed [START_REF] Cannaert | Activity-Based Concept to Screen Biological Matrices for Opiates and (Synthetic) Opioids[END_REF] and successfully applied to a CaF fatality case [START_REF] Cannaert | Activity-based detection and bioanalytical confirmation of a fatal carfentanil intoxication[END_REF].

In a forensic context, reported post-mortem blood concentrations of CaF appear to be therefore in sub-µg to low µg/L levels, e.g.:

• From September 2016 to January 2017, CaF was identified in 262 post-mortem blood specimens: CaF concentrations ranged from 0.010 to 2 µg/L, with a mean concentration equal to 0.193 µg/L and a median concentration equal to 0.098 µg/L • CaF concentrations were found by Elliot et al. to be between 0.22 and 3.3 µg/L (mean 0.93, median 0.66 µg/L) in seven UK CaF-related fatalities [START_REF] Elliott | A Series of deaths involving carfentanil in the UK and associated post-mortem blood concentrations[END_REF].

• Concentration range of carfentanil in blood was 0.90 -4.0 µg/L in 25 other recently reported cases in UK [START_REF] Hikin | Multiple fatalities in the North of England associated with synthetic fentanyl analogue exposure: Detection and quantitation a case series from early 2017[END_REF].

Nevertheless, post-mortem blood CaF concentrations are sometimes more than a few µg/L. For instance, CaF and NorCaF blood concentrations were 92 and 0.532 µg/L, respectively, in a recent reported Belgium fatality. The authors state that in such case, the very high blood concentration of CaF, together with the high ratio of CaF/norCaF in blood and the absence of norCaF in urine, can be explained by the presumably sudden death of the victim caused by CaF massive overdose [START_REF] Cannaert | Activity-based detection and bioanalytical confirmation of a fatal carfentanil intoxication[END_REF].

Metabolism of CaF has been previously studied in HLMs and human hepatocytes using LC-HRMS and 12 metabolites were identified. In this in vitro study, M08, that is monohydroxylated at the piperidine ring, was the most abundant metabolite observed, and NorCaF (M02) was the second most abundant one [START_REF] Feasel | Metabolism of carfentanil, an ultra-potent opioid, in human liver microsomes and human hepatocytes by high-resolution mass spectrometry[END_REF]. Note that NorCaF (M02) is also a remifentanil metabolite [START_REF] Eysseric | Norcarfentanil, un métabolite d'intérêt dans le diagnostic toxicologique : à propos de 3 hospitalisations[END_REF]. These 2 main CaF metabolites were also produced in our in vitro experiment study using HLMs. But none of them, neither the ten other previously reported CaF metabolites, was detected in blood, urine or hair of the victim (Table1). It is of note that chromatographic peak areas of molecular ion ([M+H] + ) of the four CaF in vitro observed metabolites were less than 50% of the chromatographic peak area of CaF.

To our knowledge, observed CaF hair concentrations (ranging from 54 to 166 pg/mg) in the victim's hair are the first reported ones in literature. These results are probably the consequence of repeated CaF intakes since approximately 9 months (these 3 hair concentrations are not highly different and cannot be formally interpreted as a recent decrease of use). The victim was certainly a regular NSOs experimenter as testimony by presence of two other (and relatively rare) NSOs in his hair. It is of note that benzoylfentanyl (BZF) and 4-fluobutyrylfentanyl (pFBF) were detected in hair (at hair concentrations of 621, 4460, 5870 and 4, 152, 719 pg/mg, respectively) together with 3 metabolites of BZF: norBZF, despropionylfentanyl and a hydroxylated-BZF. These hair results are also the first reported ones in literature.

Although these hair results strongly support a significant tolerance of the victim to NSOs, the relatively high post-mortem CaF concentration observed in the victim's blood (4.20 µg/L) together with the absence of metabolite (especially NorCaF) in blood or urine, suggest a sudden death of the victim immediately following a significant CaF dose intake (presumably injected). This CaF intake together with other psychoactive drugs (even though none of them was observed at toxic level in blood, with the exception of the methadone concentration at 111 µg/L that can be contested) can explain the decease.

Conclusion

Carfentanil is a highly potent μ-opioid receptor agonist 10,000 times stronger than morphine.

Its large misuse seems to be no longer limited to North America and will become a serious public health problem. Such fatality illustrated this issue. When the context suggests a potential opioid related death, toxicologists should be cognizant when initial toxicology findings are negative. In this fatality, an element set (case history, autopsy findings, a relatednon biological item -syringe residue -disposal, NPS dedicated LC-HRMS screening method use) has allowed CaF intake confirmation. 

Figures and tables legends

12. 5

 5 min to 15 min. Xevo TQ-S tandem mass spectrometer was used for detection after positive electrospray ionization mode in the MRM mode using the following transitions (quantitation): m/z 395.2 to 335.1 and m/z 395.2 to 113 for CaF; m/z 291.2 to 113 and 291.2 to 146 for norCaF (M02); m/z 411.2 to 351.1 and 411.2 to 113 for M05; m/z 411.2 to 351.1 and 411.2 to 262 for M07; m/z 411.2 to 113 and 411.2 to 162 for M08; m/z 225.1 to 181.1 and 225.1. to 124.1 for IS (β-OH-ethyltheophyllin).

  dextromethorphan, and alcohol. No observed blood concentration of these psychoactive substances can be considered at toxic level. Several additional drugs are present in hair: i.d. pharmaceuticals (cyamemazine, codeine, diazepam, quetiapine, sildenafil), DOA (heroine, cocaine, MDMA), 2 other NSOs (benzoylfentanyl and 4-fluobutyrylfentanyl) and other NPS (ethylhexedrone, AB-Fubinaca MAM 2201, diclazepam and methoxetamine).

[ 31 ]

 31 • In another large study, Papsun et al. recently reported CaF concentrations in 355 blood specimens (it was described that the large majority related to post-mortem blood) ranging from 0.1 and 14 µg/L; the mean CaF concentration was 0.57 µg/L with a median concentration of 0.38 µg/L [32]. • In Ohio (USA), observed CaF concentrations in post-mortem blood samples (n = 23) ranged from 0.11 to 0.88 µg/L [58]. • Swanson et al. reported two other post-mortem blood CaF concentrations: 0.12 and 1.3 µg/L [30].

Figure 1 :

 1 Figure 1: Fentanyl (A), Carfentanil (B) [4-((1-Oxopropyl)-phenylamino)-1-(2-phenylethyl)-4-piperidinecarboxylic acid methyl ester), otherwise known as 4-carbomethoxyfentanyl ; molecular formula C24H30N2O3 ; molecular weight 394.515 g/mol ; CAS number: 59708-52-0].
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Table 1 :

 1 Metabolites of CaF : the underlying biotransformation, formula, accurate mass of the precursor ions ([M+H] + ), and main fragment ions as reported by Feasel et al[START_REF] Richeval | In vitro characterization of NPS metabolites produced by human liver microsomes and the HepaRG cell line using liquid chromatography-high resolution mass spectrometry (LC-HRMS) analysis: application to furanyl fentanyl[END_REF], together with retention time (when observed) and chromatographic peak area of molecular ion ([M+H] + ) of CaF metabolites normalized to chromatographic peak area of CaF observed in HLMs incubates, blood and urine of the victim (ne: not established; nd: not detected).

Table 2 :

 2 Positive results of toxicological investigations in biological samples [nt: not tested; nd: not detected; 1 proximal to distal hair sections (3 cm length each); drugs and metabolites were detected in each 3 hair section with exception of 2 that were not detected in the proximal hair section].
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		Name and/or biotransformation	Formula	[M+H] +	Main fragment ions	RT (min)	HLMs	Blood	Urine
	Parent CaF	C24H30N2O3	395.2335	105, 113, 134, 146, 158, 186, 202, 214, 246, 279, 335, 363	6.86	100	100	100
	M01	N-Dealkylation and ester hydrolysis	C15H20N2O3	277.1552 110, 113, 175, 217, 235, 245	ne	nd	nd	nd
	M02	Norcarfentanil -N-Dealklylation of piperidine ring C16H22N2O3	291.1709 142, 150, 175, 231, 235, 259	3.68	42	nd	nd
	M03	N-Dealkylation of piperidine ring + hydroxylation of propanoic group	C16H22N2O4	307.1658 126, 173, 247, 251, 275	ne	nd	nd	nd
	M04	Ester hydrolysis and hydroxylation of piperidine ring	C23H28N2O4	397.2127	132, 162, 188, 232, 262, 337, 365, 379	ne	nd	nd	nd
	M05	Hydroxylation of propanoic group	C24H30N2O4	411.2284 186, 218, 351	4.80	8	nd	nd
	M06	Hydroxylation of phenethyl group and glucuronidation	C30H38N2O10	587.2605 121, 326, 351, 393, 411, 438	ne	nd	nd	nd
	M07	Hydroxylation of phenylethyl structure	C24H30N2O4	411.2284 121, 262, 295, 351, 379	5.37	3	nd	nd
	M08	Hydroxylation of piperidine ring	C24H30N2O4	411.2284 162, 232, 262, 295, 351, 393	5.95	46	nd	nd
	M09	Ketone formation on phenethyl linker	C24H28N2O4	409.2127 120, 148, 260, 293, 353, 349, 377	ne	nd	nd	nd
	M10	N-oxidation of piperidine N and hydroxylation of phenethyl group	C24H30N2O5	427.2233 166, 172, 274, 278, 303	ne	nd	nd	nd
	M11	N-oxidation of 4′ nitrogen	C24H30N2O4	411.2284 105, 154, 247, 262, 274, 290, 303	ne	nd	nd	nd
	M12	N-oxidation of piperidine	C24H30N2O4	411.2284	105, 148, 230, 262, 274, 275, 303, 379	ne	nd	nd	nd

Table 2 :

 2 Positive results of toxicological investigations in biological samples [nt: not tested; nd: not detected; 1 proximal to distal hair sections (3 cm length each); drugs and metabolites were detected in each 3 hair section with exception of 2 that were not detected in the proximal hair section].

					Hair
	Compound	Blood	Urine	present in blood and/or urine	only detected in hair
	Carfentanil	4.2 µg/L	0.4 µg/L	54/114/166 1 pg/mg	Benzoylfentanyl (621/4460/5870 1 pg/mg)
	Ketamine	2.2 µg/L	2.2 µg/L	detected	4-Fluobutyrylfentanyl (4/152/719 1 pg/mg)
	Morphine	4.5 µg/L	10.2 µg/L	detected	Ethylhexedrone
	Amphetamine	nd	12 µg/L	detected	Diclazepam
	Metamphetamine	7.2 µg/L	50 µg/L	detected	Methoxetamine
	THC THC COOH Methadone	1.2 µg/L 4.4 µg/L 111 µg/L	nd 36 µg/L 521 µg/L	detected detected detected	Heroine and 6-MAM Cocaine and metabolites MDMA Cyamemazine
	EDDP	23 µg/L	503 µg/L	detected	Codeine
	Zolpidem	19 µg/L	9 µg/L	detected	Diazepam
	Alprazolam	22 µg/L	175 µg/L	detected	Nordiazepam 2
	Dextromethorphan	0.8 µg/L	2 µg/L	detected	Quetiapine 2
	Ethanol	0.50 g/L	nt	nt	Sildenafil
	Ehylglucuronide	nt	> 2 mg/L	nt	Acetaminophen
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