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Introduction

Over the last decade, an increasing number of new psychoactive substances (NPS) have been detected on the European market [START_REF]European Drug Report[END_REF][START_REF]Trends and Developments[END_REF]. Even though the number of new substances is decreasing from the 2015 peak, the emergence of these NPS not controlled under international and national drug laws, present a serious problem for public health [START_REF] Madras | The Growing Problem of New Psychoactive Substances (NPS)[END_REF][START_REF] Reuter | New psychoactive substances: Are there any good options for regulating new psychoactive substances?[END_REF][START_REF] Sumnall | Social, policy, and public health perspectives on new psychoactive substances[END_REF]. Among these NPS, recent years have seen the emergence of new synthetic opioids (NSO) on the recreational drug market. These NSO and specifically fentanyl and related analogs are often sold under the guise of heroin to unsuspecting users and their high potency leads to high risk of overdose and death, as illustrated with acetylfentanyl, in EMCDDA-Europol joint report (6). This trend is causing considerable concern in both North America and Europe [START_REF] Mercado-Crespo | Notes from the field: increase in fentanyl-related overdose deaths -Rhode Island, November 2013-March 2014[END_REF][START_REF] Simonsen | Fatal poisoning in drug addicts in the Nordic countries in 2012[END_REF][START_REF] Peterson | Increases in Fentanyl-Related Overdose Deaths -Florida and Ohio, 2013-2015[END_REF][START_REF] Suzuki | A review: Fentanyl and non-pharmaceutical fentanyls[END_REF][START_REF] Misailidi | Fentanyls continue to replace heroin in the drug arena: the cases of ocfentanil and carfentanil[END_REF][START_REF] Prekupec | Misuse of Novel Synthetic Opioids: A Deadly New Trend[END_REF]. Furthermore, the total number of NSO exposures is likely underreported and underestimated, because routine toxicology screens do not systematically detect these compounds. As described in the literature, some of these compounds are found at low concentrations (< 10 µg/L) in biological samples [START_REF] Logan | Reports of Adverse Events Associated with Use of Novel Psychoactive Substances, 2013-2016: A Review[END_REF][START_REF] Zawilska | An Expanding World of Novel Psychoactive Substances: Opioids[END_REF]. In some cases, the highlight of compound was made with the analysis of a syringe content or a powder [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF]. In forensic toxicology, NSO detection present additional difficulties to the general NPS analytical challenge: the high frequency of new products, the low concentrations (in µg/L range and under) in biological samples related to their high opioid potency, and their extensive metabolism. Ocfentanil (OcF), N-(2-fluorophenyl)-2-methoxy-N-[1-(2-phenylethyl)piperidin-4-yl]acetamide, also called A-3217, is one of these potent and non-controlled fentanyl analogs. It was first described in a patent from 1986 and evaluated in humans in 1989 but never marketed [START_REF] Bao-Shan | N-aryl-N-(4piperidinyl)amides and pharmaceutical compositions and methods employing such compounds[END_REF].

OcF exhibits analgesia and respiratory depression, in a dose-related manner, and a 3 µg/kg dose of ocfentanil produced an equivalent level of analgesia to 5 µg/kg dose of fentanyl in humans [START_REF] Fletcher | Comparison of ocfentanil and fentanyl as supplements to general anesthesia[END_REF][START_REF] Glass | The Analgesic Efficacy of A3217[END_REF]. The first seized powder containing OcF was described in 2013 in The Netherlands, and further reports were made after 2015 in Europe (Estonia, Sweden, France, Denmark, Germany and Spain) [START_REF] Vad | Flemish Centre of Expertise on Alcohol and Other Drugs[END_REF][START_REF] Quintana | The hidden web and the fentanyl problem: Detection of ocfentanil as an adulterant in heroin[END_REF]. Three fatalities were published and reported in Europe: in Belgium and in Switzerland in 2016 and in France in 2017 [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF][START_REF] Dussy | An Acute Ocfentanil Fatality: A Case Report with Postmortem Concentrations[END_REF][START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF]. This work aims to review the intoxications involving OcF occured in France (2016-2018): seven cases including four fatalities documented by OcF concentrations in biological samples as well as in misused powders (when available) are reported.

Material and methods

Case 1:

A 29-years-old man was found unconscious in the bathroom of a hotel. He was in coma and his prognosis for survival was committed. He was hospitalized but he died some days after.

The police officers found next to the man some white powder residues. The ante mortem blood sample were done 7 hours after the discovery of the victim. Toxicological screening by gas chromatography-mass spectrometry (GC-MS, 7890-5975, Agilent ) and liquid chromatography coupled to a diode array detector (LC-DAD, Alliance, Waters) of the powder residues revealed the presence of OcF; these techniques were previously detailed [START_REF] Marchard | L'ocfentanil : un bon exemple des dangers des NPS (New Psychoactive Substances)[END_REF]. Then, an analysis with a specific GC-MS method (using electron ionization (EI) in single ion monitoring mode (SIM)) was realized in order to reveal and quantify the presence of ocfentanil in blood sample. The ions used for the quantification were 236-279 for OcF and 273-329 for the internal standard (prazepam-d5).

Cases 2 (2a, 2b, 2c): Three 21-years-old men "snorted" capsules bought on the Dark net and lost consciousness immediately. They were taken over by the emergency services. One of the men woke up in the ambulance and the other ones woke up at the hospital. Toxicological screenings by GC-MS, LC-DAD and liquid chromatography-tandem mass spectrometry (LCQ Fleet TM , Thermo Scientific) were performed, these techniques were previously detailed [START_REF] Marchard | L'ocfentanil : un bon exemple des dangers des NPS (New Psychoactive Substances)[END_REF]. GC-MS and LC-DAD screenings using commercial and in-house mass spectra libraries revealed the presence of OcF for case 2a. OcF was then confirmed and quantified in all biological matrices using GC-MS-SIM method described in case 1. Capsules content was also analyzed by GC-MS and LC-DAD and OcF was quantified using LC-DAD. A range was injected with the same conditions.

Case 3:

This case was previously reported in literature [START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF]. A 30-year-old woman was found dead at home. She had no history of illegal substance abuse but the police officers found next to the body a tourniquet, syringes and an unidentified pink powder. An overdose with heroin was suspected. An autopsy was performed and revealed some injection sites at right elbow groove and left foot. The coroner concluded to a death resulting from asphyxia syndrome likely of toxic origin. The autopsy allowed the sampling of peripheral and cardiac blood, vitreous humor, bile, gastric content, a hair strand and nasal swab for the toxicological analyses.

Toxicological analyses of biological matrices did not confirm the suspicion of heroin overdose, but the GC-MS screening of the powder allowed to reveal the presence of heroin and OcF. Drugs were matched to both in-house (constructed from reference standards) and commercial libraries [START_REF]Scientific Working Group for the Analysis of seizure Drugs (SWGDRUG)[END_REF](25)[START_REF] Pfleger | Mass Spectral and GC Data of Drugs, Poisons, Pesticides, Pollutants and Their Metabolites[END_REF]. A LC-MS/MS method was developed to confirm the presence of OcF and to quantify this compound in all matrices. The GC-MS screening and the quantification was detailed in previous articles [START_REF] Allibe | Fatality involving ocfentanil documented by identification of metabolites[END_REF][START_REF] Allibe | Case reports: Four concomitant non-fatal intoxications with AB-FUBINACA and MDMA[END_REF]. The LC-MS/MS quantification of OcF was performed using an API 4000 mass spectrometer (ABSciex, Toronto, Ontario, Canada) equipped with an electrospray ESI probe, on a Turbo V ® ion source. Detection was performed in multiple reaction monitoring (MRM) mode and monitored transitions (collision energies) were 371.3/105.1, 188.2 (57/33) for OcF and 342.3/188.2 [START_REF] Siegler | Naloxone use among overdose prevention trainees in New York City: A longitudinal cohort study[END_REF] for the internal standard (fentanyl-d5).

Case 4:

A 37-year-old woman was found dead at home, her body partially immersed in the water of her bathtub. Near the scene were discovered a syringe (2.5 mL) supporting traces of blood and two small zyploc bags containing each a greyish-beige powder. The autopsy concluded to a toxic death with a likely low inhalation of water. Analyzed of seized materials (syringe and powder) was performed using GC-MS and UPLC-DAD using commercial and in-house mass spectra libraries. Toxicological analysis of biological matrices (blood and bile) was performed using GC-MS, LC-DAD and LC-MS/MS. The levels of strontium in blood and water which have been demonstrated to be useful in the diagnosis of death by drowning were determined by inductively coupled plasma mass spectrometry (ICP-MS). Blood analysis demonstrated the use of heroin cut with OcF as main cutting component. Analysis of the powder revealed the presence of a low-dose heroin (< 4%) and OcF. Analysis of the syringe confirmed the use of the heroin cut with OcF identified in the powder seized. Finally, strontium measurements in the blood and in the water where the corpse was found (bathtub) were in agreement with the conclusions of autopsy showing a low inhalation of water.

A comprehensive systematic toxicological analysis was performed by LC-DAD (Alliance, Waters) and GC-MS (7890-5975C, Agilent). Analysis for the presence a various illicit drugs of abuse, several medical drugs (including fentanyl and analogues) and some NPS such OcF were investigated in biological samples using LC-MS/MS (TSQ Quantiva ® , Thermo Fisher Scientific). Quantification of OcF was performed using an LC-MS/MS (TSQ Quantiva ® , Thermo Fisher Scientific) method in multiple reaction monitoring (MRM) mode. The monitored transitions (collision energies) were 371.2/188.1 (qualifier), 105.1 (23/37) for OcF and 320.1/274.1 [START_REF] Pfleger | Mass Spectral and GC Data of Drugs, Poisons, Pesticides, Pollutants and Their Metabolites[END_REF] for the internal standard (clonazepam-d4). Powder and other seized materials (syringe) were investigated using GC-MS (7890-5975, Agilent) and UPLC-DAD (Acquity, Waters) using commercial and in-house mass spectra libraries. The quantification of OcF in the powder was performed using UPLC-DAD (Alliance, Waters). Blood and water strontium analysis were performed by ICP-MS (Xseries 2, Thermoscientific).

Case 5:

A 36-year-old man was found dead in his camper. An asphyxia was suspected by the police officers who also found next to the body a syringe which contained a transparent liquid, blue pills and blotters. The autopsy allowed the sampling of cardiac blood, bile, gastric content, brain, heart, liver and urine for the toxicological analyses.

The presence of OcF was confirmed by the GC-MS screening of the liquid contained in the syringue. The quantification of OcF was performed by an ultra-high performance liquid chromatography coupled with tandem mass spectrometry (UHPLC-MS/MS) method in several matrices. Screening of drugs were performed by GC-MS (6890-5975, Agilent) and UHPLC-PDA-MS (Acquity ® -SQD, Waters). The UHPLC-MS/MS quantification of OcF was realized using a TQ Detector (Acquity ® , Waters). Detection was performed in multiple reaction monitoring (MRM) mode and the monitored transitions (collision energies) were 371.15/105.1, 188.1 (40/24) for OcF and 376.15/193.1 [START_REF]Scientific Working Group for the Analysis of seizure Drugs (SWGDRUG)[END_REF] for the internal standard (ocfentanil-d5).

Results

OcF was identified using GC-MS and/or LC-DAD screening of powder or syringe content found in the proximity of victims in most cases; OcF LC-DAD spectrum is shown in Figure 1.

OcF concentrations measured in the biological samples are presented in Table 1. In whole blood OcF concentrations range from 5.3 to 35.2 µg/L (four available values), but only two values were available for each other matrices. In peripheral blood, OcF concentrations were 3.7 and 11.6 µg/L for cases 3 and 4 respectively. For cases 3 and 5, OcF was measured at 3.9 and 91 µg/L in cardiac blood, whereas bile concentrations were 8.4 and 175 µg/L. Urine concentrations were reported for case 2a and 5: 35,000 and 2,565 µg/L respectively.

In 6 out of 7 cases, powder or capsule were found in the proximity of victims and screened using GC-MS and/or LC-DAD. Analyzes showed the presence of OcF, paracetamol and caffeine in all powders, and heroin was also found in powders of cases 3 and 4 (Table 2).

Caffeine and paracetamol are traditionally used as illicit drug adulterant and are detected in more than 90% of heroin specimens seized in different European countries (28,[START_REF] Broseus | The cutting of cocaine and heroin: A critical review[END_REF]. The powders composition of case 3 and 4 is relatively similar except for the heroin percentage which is 6 times higher in the powder of the case 3 than in the case 4. The analysis of the capsule powder show a significant quantity of OcF: 17%.

Only the case 5 provides data regarding organs, which are presented in Table 1 with the previously reported data in literature [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF]. The results observed in case 5 are higher than values published by Coopman: 93 ng/g vs 31.2 ng/g in liver and 128 ng/g vs 37.9 ng/g in brain tissues.

Discussion

Traditional laboratory approaches to drug screening may fail to detect the NPS due to a lack of cross-reactivity on traditional immunoassay tests, or failure to include these compounds in the mass spectral libraries used in drug screening. Furthermore these compounds can be found in small concentrations in biological samples, and even if they are included in libraries, conventional screening can be not suitable to detect them. Indeed, GC-MS and LC-DAD comprehensive screenings allowed to reveal OcF in blood only for Case 2a for which high OcF blood concentration was measured (35.2 µg/L). For other cases, Ocf was revealed by analyzing powder or syringe. Therefore, it is important to analyze powder or syringe content when they are available. As in the case described by Coopman et al., the screening of the powder allow to revealed the presence of OcF (case 1, 3 and 4) and then a specific method was developed to evaluate OcF concentrations in biological samples [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF]. The analysis of the powders showed a mix of heroin and OcF in two cases (cases 3 and 4) while no heroin was revealed in the other cases. New synthetic opioids are extremely potent and they could be mixed with heroin or substituted entirely [START_REF] Quintana | The hidden web and the fentanyl problem: Detection of ocfentanil as an adulterant in heroin[END_REF][START_REF] Elliott | A Series of Deaths Involving Carfentanil in the UK and Associated Post-mortem Blood Concentrations[END_REF][START_REF]The monitor[END_REF]. It is very important to acquire more knowledge about toxicity associated with adulteration by NPS, since side effects of these new drugs and eventual synergic action with traditional drugs of abuse are in the majority unknown [START_REF] Busardò | The Never-Ending Public Health Issue of Adulterants in Abused Drugs[END_REF]. The analgesic activity of OcF was determined to be around 2 times as potent as fentanyl and around 200 times as potent as morphine. However, little data are available concerning possible lethal concentrations of OcF in blood. As it is shown in Table 1, a large variability can be observed between the values obtained in peripheral blood in the six cases with peripheral blood available (Table 1). In cases 1 and 3, OcF concentrations measured in blood (5.3 and 3.7 µg/L) were smaller than previous cases described in literature [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF][START_REF] Dussy | An Acute Ocfentanil Fatality: A Case Report with Postmortem Concentrations[END_REF].

Furthermore, it has to be mentioned that OcF concentrations in nonfatal intoxications (cases 2a,b,c) were much higher than in others cases reported here and those reported in literature [START_REF] Coopman | Ocfentanil overdose fatality in the recreational drug scene[END_REF][START_REF] Dussy | An Acute Ocfentanil Fatality: A Case Report with Postmortem Concentrations[END_REF]. A potential drug delivery as naloxone by emergency doctors to reverse signs of opioids overdose could explain survival of these three patients. Unfortunately, we have no information about a possible treatment using naloxone in pre-hospital care. Naloxone is a µopioid antagonist, indicated for treatment of opioid toxicity. Naloxone is an effective antidote to fentanyl analogues-related overdoses and required doses may be higher than for traditional opioids [START_REF] Suzuki | A review: Fentanyl and non-pharmaceutical fentanyls[END_REF][START_REF] Siegler | Naloxone use among overdose prevention trainees in New York City: A longitudinal cohort study[END_REF][START_REF] Coquerel | Intérêt de la naloxone par voie nasale pour compenser les surdoses d'opiacés. Abord pharmacologique[END_REF][START_REF] Straus | Preventing deaths from rising opioid overdose in the US -the promise of naloxone antidote in community-based naloxone take-home programs[END_REF]. Intranasal naloxone distribution is increasingly recognized in many countries as an important element of national strategies to decrease the number of overdoses.

In France, intranasal naloxone delivery received a temporary authorisation in july 2016 and a marketing authorization since january 2018 (36, 37).

Of the seven cases involving OcF presented in this article, three are non-fatal, although the observed OcF concentrations are the highest; however no information concerning a possible naloxone administration throughout the medical care was available.

Conclusion

The rapid increase of synthetic opioids in the illegal drug market create a serious risk for the public health and seems to present an important matter of concern because of a high number of cases implying these drugs emerging every year. OcF is a highly potent drug and can be sold as heroin to unsuspecting drug users, so he hold an important position among the synthetic opioids. In all the cases except one, presence of OcF was revealed thanks to the analyze of the powder found near the body, then specific technique was used to look for it in biological sample. Indeed, toxicological comprehensive screenings performed in forensic toxicology using GC-MS or LC-DAD may fail to detect NPS due to a lack of sensitivity because these compounds can be found in small concentrations in biological samples. So it is very important to dispose of the products found near the body or in the inpatient entourage. 

Figure 1 :

 1 Figure 1: Ocfentanil LC-DAD spectrum

Table 1 :

 1 Distribution of ocfentanil in biological samples

	Case (alive or death)	Whole blood (µg/L)	Peripheral blood (µg/L)	Cardiac blood (µg/L)	Vitreous humor (µg/L)	Urine (µg/L)	Bile (µg/L)	Gastric content (µg/L)	Liver (ng/g)	Kidney (ng/g)	Brain tissues (ng/g)	Heart (ng/g)	Nasal swabs (ng/swab)	Other substances detected in blood	Route of administration
														cannabinoids,	
														cocaine, BZE,	
	Case 1 (death )	5.3	na	na	na	na	na	na	na	na	na	na	na	EME, MDMA, MDA, ephedrine,	na
														caffeine,	
														acetaminophen	
	Case 2a (alive)	35.2	na	na	na	35000	na	na	na	na	na	na	na	acetaminophen	snorting
	Case 2b (alive)	13.9	na	na	na	na	na	na	na	na	na	na	na	acetaminophen	snorting
	Case 2c (alive)	20.7	na	na	na	na	na	na	na	na	na	na	na	acetaminophen	snorting
	Case 3 (death)		3.7	3.9	2.0	na	8.4	< 0.05	na	na	na	na	nd	Acetaminophen, caffeine, ibuprofen	injection
	Case 4 (death)	na	11.6	na	na	na	detected	na	na	na	na	na	na	acetaminophen, codeine, 6-MAM caffeine morphine,	injection
														acetaminophen,	
	Case 5 (death)	na	na	91	na	2565	175	na	93	na	128	27.7	na	methadone, MDA, BE, EME, EDDP,MDMA,	na
														cannabinoids,	
	[Coopman] (death)	na	15.3	23.3	12.5	6	13.7	17.1	31.2	51.2	37.9	na	2999	Acetaminophen, caffeine,	snorting
	[Dussy] (death)	na	9.1	27.9	na	480	na	na	na	na	na	na	360	citalopram, quetiapine, cannabinoids	

snorting na: not available ; nd : not detected

Table 2 :

 2 Results of powders analysis

	Case / alive or death	Ocfentanil	Heroin	Caffeine	acetaminophen	mannitol
	Case 1 / death	detected	nd	detected	detected	nd
	Cases 2a,b,c / alive	17 %	nd	16 %	51 %	detected
	Case 3 / death	1.2 %	0.6 %	44 %	37 %	nd
	Case 4 / death	1.6 %	3.4 %	41.6 %	32.4 %	na
	[11] / death	2.54 %	nd	13.7 %	58.4 %	na
	[17] / death	0.91 %	nd	detected	detected	detected

na: not available ; nd : not detected
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