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Introduction

Adipocere (or "grave wax") is a grayish to white crumbly wax-like and water-insoluble organic material formed by the anaerobic bacterial hydrolysis of fat (i.e. saponification) in human (especially women, infants and overweighed individuals) and some animal tissues [START_REF] Rabl | Postmortem changes after 50 years immersion (1939 reconstructed suicide)[END_REF][START_REF] Manulik | Modern concepts of adipocere formation mechanisms[END_REF][START_REF] Fiedler | Decomposition of buried corpses, with special reference to the formation of adipocere[END_REF][START_REF] Forbes | The identification of adipocere in grave soils[END_REF][START_REF] Forbes | A preliminary investigation of the stages of adipocere formation[END_REF]. When appearing, putrefaction is replaced by a permanent and stable firm cast of fatty tissues and face, and, in some cases, of internal organs. It is mostly composed of saturated fatty acids (palmitic, myristic and stearic acids) over unsaturated ones, with variation of fatty acid composition between different samples attributed to their age and the burial conditions [START_REF] Jaggers | The effects of soil environment on postmortem interval: a macroscopic analysis[END_REF][START_REF] Nushida | Adipocere formation via hydrogenation of linoleic acid in a victim kept under dry concealment[END_REF]. Some environmental conditions help the formation of such a substance: absence of oxygen, old and humid place [START_REF] Fründ | Quantification of adipocere degradation with and without access to oxygen and to the living soil[END_REF]. A role of bacteria such as Clostridium perfringens, or Micrococcus luteus has been suspected [START_REF] Takatori | Investigations on the mechanism of adipocere formation and its relation to other biochemical reactions[END_REF][START_REF] O'brien | Waxing grave about adipocere: soft tissue change in an aquatic context[END_REF]. Various examples have been described in bodies deposed in shallow, moist, clay, soiled grave or thrown into pools or submerged in water [START_REF] Kahana | Marine taphonomy: adipocere formation in a series of bodies recovered from a single shipwreck[END_REF][START_REF] Fiedler | Characterization of soils containing adipocere[END_REF][START_REF] Pakosh | Soft tissue decomposition of submerged, dismembered pig limbs enclosed in plastic bags[END_REF]. Coffins retard the rate at which adipocere forms and clothes enhance its formation [START_REF] Forbes | The effect of the method of burial on adipocere formation[END_REF]. Variations in the amount of sodium, potassium, calcium, and magnesium between individuals may also explain differences of formation delay and composition [START_REF] Notter | The initial changes of fat deposits during the decomposition of human and pig remains[END_REF].

Even if some exceptional cases have been described (minimal delay of 3 days only), a minimal delay of a month seems necessary between death and the early beginning of adipocere transformation [START_REF] Kumar | Early adipocere formation: a case report and review of literature[END_REF]. Determination of postmortem interval (PMI) has been proposed by some authors using the rhythm of adipocere formation [START_REF] Rothschild | Adipocere--problems in estimating the length of time since death[END_REF][START_REF] Yan | Preliminary quantitative investigation of postmortem adipocere formation[END_REF]. Sections of organs or tissues may be conserved within these adipocere formations, such as vascular sections; indeed a case of atherosclerosis diagnosis was carried out on an exhumed body of a 40-year-old man from the macroscopic and microscopic analysis of coronaries and aorta [START_REF] Ambade | Atherosclerosis: a medicolegal tool in exhumed decomposed bodies[END_REF].

Gunshot or strangulation wounds may be long-term conserved with bodies completely converted into adipocere, making the retrospective diagnosis possible [START_REF] Kobayashi | A « keyhole lesion » gunshot wound in an adipocere case[END_REF][START_REF] Singh | Fact Speaking Blood Vessel A Case Report on Ligature Strangulation[END_REF].

To the best of our knowledge, very few examples of forensic toxicological analysis carried out on adipocere samples have been published. We report two forensic cases of death with adipocere formation where toxicological analyzes were performed on adipose material.

Material and method

a. Adipocere treatment A 10 mg/L of lipase solution (LS) was prepared in phosphate buffer 0.1 M (NaH2PO4, pH 7.4) with 4 mg/mL of lauryl sulfate. Ten mg of adipocere sample were weighed and 500 µL of LS were then added, the mixture was thoroughly mixed and incubated 16 h at 50°C. b. Liver treatment Liver samples (5 g) were homogenized in deionized water (5 mL). Final quantification of each sample was based on an appropriate dilution in deionized water if necessary.

c. GC-MS and LC-DAD screening

Adipocere samples were analyzed with our routine methods. Briefly, 500 µL of adipocere lysate were extracted two times, once after addition of 1 mL of hydrochloric acid 0.2 M and once after addition of 1 mL of 0.2 M sodium hydroxide. Samples were then extracted by liquid-liquid extraction (LLE) with 4 mL of diethylether/dichloromethane/hexane/isoamylic alcohol (250/150/100/2.5; v/v/v/v). Extracts were then pooled and evaporated. The dry residue was reconstituted and injected into the GC-MS system or LC-DAD.

d. LC-MS/MS

Samples were analyzed with a sensitive method devoted to drug facilitated sexual assault cases, allowing the detection of psychotropic substances. Two hundred µL of carbonate buffer (1 M, pH 9.7) were added to 200 µL of adipocere lysate. Liquid-liquid extraction (LLE) was realized with 2 mL of hexane/ethyl acetate (1:1/v:v), mixed during 15 min and centrifuged at 3500 rpm for 10 min. The organic layer was then transferred into a glass tube and evaporated.

The dry residue was solved in 100 µL of 2 mM ammonium formate in 0.1% formic acid and 10 µL were injected into the system. Chromatography was performed on a Thermo-Finnigan Surveyor high-performance liquid chromatography (HPLC) system (Thermo Fisher, Les Ulis, France), with an autosampler injector using a 1.9 µm HypersilGold PFP column (100 mm x 2.1 mm i.d.; Thermofisher, Les Ulis, France). The device was completed with a pre-column (HypersilGold PFP, 1.9 µm, 10 mm x 2.1 mm i.d., Thermofisher, Les Ulis, France). The elution gradient was achieved as follow: 80% A (ammonium formate 2 mM, 0.1% formic acid) and 20% B (acetonitrile, 0.1% formic acid), linear gradient to 90% of B in 10 min, held for 2 min. The column re-equilibration was performed with linear gradient to 20% A in 0.5 min, held for 2.5 min. The flow rate was set at 300 µL.min e. Barbiturates assay Two hundred and fifty µL of sodium acetate 0.2 M (pH 6) were added to 100 µL of adipocere lysate or liver homogenate. LLE was performed with 150 µL of hexane, mixed 30s and centrifuged 5 min. Fifty µL of the supernatant were transferred into a vial and 1 µL was injected into the GC-MS system. Chromatography was performed on a Focus Gas Chromatography (Thermofisher, Les Ulis, France) with an auto sampler TriPlus (Thermofisher, Les Ulis, France). The device was coupled with a column UB5P (30 m x 0.25 mm x 0.25 µm, Uptibond, Interchim, Montluçon, France). The temperature gradient was achieved as follow: 80°C for 0.5 min, linear gradient to 160°C at 30°C/min, to 220°C at 5°C/min and to 290°C at 40°C/min held for 1 min. The gas flow rate (helium) was set at 16 mL.min -1 . Ions were detected with a DSQ II (Thermofisher, Les Ulis, France) mass spectrometer in selective ion monitoring (SIM) mode. Phenobarbital quantification m/z was 232 and confirmation 260 and 175. Heptabarbital was used as internal standard. The linearity range was 0.5-50 µg/g.

Cases report a. Case report 1

The adipocerous body of a 39-year-old woman was accidentally found in a river 12 years after she committed suicide by drowning in her car. Adipocere was present in the following anatomic sites: foot, legs, thighs, buttocks and inferior part of the trunk (Figure 1). All other parts of the body were skeletonized or absent. The identification was possible according to clothes, identity documents and personal items accompanying the rests. No traumatic lesion or arguments against the hypothesis of a suicide were found.

Toxicological analyses were carried out on adipocere. Diazepam, nordazepam, and flunitrazepam were detected at 2.1 ng/g, 1.8 ng/g and 1.2 ng/g, respectively.

b. Case report 2

The body of a 50-year-old man was accidentally discovered by a farmer harvesting a field plot 24 days after he disappeared. A box of Gardenal® (phenobarbital) was found on the corpse. The identification of the body was made possible by a scar at the forehead and a femoral prosthesis. The individual was diagnosed with an end-stage throat cancer. Given the state of advanced decomposition of the body and the absence of blood, toxicological analyzes were performed on liver and adipocere present on the abdominal part of the corpse. It revealed the presence of phenobarbital at 26 µg/g and 59 µg/g, respectively. The phenobarbital ion chromatogram corresponding to the adipocere sample is presented in figure 2.

Discussion

Forensic toxicologists can be faced to special cases, where the advanced stage of decomposition of corpses leave very few matrices of interest to explore the pre-mortem exposure of the deceased. In particular conditions of temperature, humidity and pH, the transformation of soft tissue into adipocere makes it possible to preserve a tissue for very long periods. The record for adipocere persistence is probably the Tyrolean Iceman (3350 -3100 BC) [START_REF] Hess | Histological investigations on the Tyrolean Ice Man[END_REF]. The analysis of adipocere is made difficult by the lipidic composition of the matrix, which is similar to soap. The method applied in our cases is derived from a previously published method for amiodarone quantification in adipose tissue [START_REF] Lafuente-Lafuente | Amiodarone concentrations in plasma and fat tissue during chronic treatment and related toxicity[END_REF]. Lipase allows a complete degradation of fat before LLE. In case 1, adipocere analysis highlighted the presence of three benzodiazepines (diazepam, nordazepam and flunitrazepam) with low concentrations. Despite detection and quantification of these substances, interpretation remains difficult due to the lack of data regarding the evolution of drug concentration in adipocere, concentrations should be very different from blood or serum at the moment of death.

In case 2, we found phenobarbital in the liver and adipocere; liver concentration was in the therapeutic values range [START_REF] Sakata | Distribution of antiepileptic drugs in human blood and tissue[END_REF]. Levine et al. evaluated the stability of phenobarbital in blood and liver at 25°C and at 4°C during 3 months and greater than 75% of the drug was recovered [START_REF] Levine | Postmortem stability of barbiturates in blood and tissues[END_REF]. In our case, the concentration found 24 days after death should be close to the initial amount, and probably not the cause of death. However, it is interesting to see that liver and adipocere concentrations are of the same order of magnitude.

Physicochemical properties (stability and lipophilicity) probably condition the ability of some molecules to bind to adipose tissue and persist for a long period; the compounds found were either acidic or lipophilic.

We find very few studies in the current literature where a toxicological analysis was done on adipocere. Inoue et al. reported the identification of toluene in the adipoceratous body of a 24year-old man found dead in a car drown in a river for about 3 months (the presence of diatom in lung, liver and kidney suggested that death was caused by drowning) [START_REF] Inoue | Detection of toluene in an adipoceratous body[END_REF]. The cadaver was almost completely adipoceratous and autopsy findings revealed that there were neither remarkable injuries nor lethal diseases. Toluene, ethanol, 1-propanol, 2-propanol, 1-butanol, dimethyl sulfide, dimethyl disulfide, isovaleraldehyde and n-butyl n-butyrate were detected in the specimens collected at the autopsy by head-space gas chromatography/mass spectrometry (GC/MS). The toluene concentrations were 31.0 µg/g in brain, 10.6 µg/g in liver, 5.4 µg/g in kidney, 15.0 µg/g in skeletal muscle and 187.1 µg/g in adipose tissue. The individual was a painter; these results suggested that he had been sniffing paint thinner.

Grellner W. reported the case of a 31-year-old man found dead in a forest nearly 3 years after death [START_REF] Grellner | Possibilities for toxicologic evidence in adipocere formation and postmortem interval of several years[END_REF]. The residual soft tissue was completely transformed into adipocere. Toxicological analysis was performed on adipoceratous samples and revealed the presence of two heavy metal (cadmium: 0.30 µg/g; thallium: 0.91 µg/g) and three drugs with minor levels (phenobarbital: 0.32 µg/g; nordazepam: 140 ng/g; salicylic acid: 0.04 µg/g). Few details about the analytical method are given. The cause and manner of death were supposed to be a suicidal intoxication to cadmium sulfate and thallium sulfate found on the cadaver. Nishimura et al. reported a case of an adipocere body found in the sea after suicide by drowning 5 months ago. The brain was almost completely converted into adipocere.

Toxicological analyses were performed on femoral muscle, brain, liver and kidney by gas chromatography. Nicotine and cotinine were detected in all tissues and brain concentrations were 54.3 and 414 ng/g, respectively [START_REF] Nishimura | Forensic implication of muscle level of nicotine in an adipocere body found in the sea[END_REF]. The authors compared their results with previous cases and conclude that the concentrations found were high, close to those found in suicidal smokers suggesting a suicidal death.

Conclusion

The adipocere is formed under very particular environmental conditions. Once formed, adipocere can persist for very long period. A toxicological analysis carried out on adipocere can make it possible to explore the pre-mortem exposure of the deceased even if advanced adipocere formation with a longer post-mortem interval is present. The interpretation of quantitative results remains difficult given the lack of data in the literature. 
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  -1 . The compounds were detected by a Thermo-Finnigan LCQ Advantage ion trap MS (Thermofisher, Les Ulis, France) equipped with an ESI source set in the positive ionization mode. Data were collected either in full-scan mode at m/z 100-400 or in full scan MS-MS mode. Parent and confirmation m/z were respectively: 271.5 and 243.1 for nordazepam (collision energy CE = 42); 285.2 and 257.1 for diazepam (CE = 40), 314.2 and 267.1 for flunitrazepam (CE = 41). The linearity range was 1-500 ng/g. Nordazepam-D5 was used as internal standard.
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 1 Figure 1. (A) Bones of the legs and pelvis with the remains of clothes; (B) Adipocere

Figure 2 .

 2 Figure 2. Phenobarbital ion chromatogram of a blank sample (A) and an adipocere sample