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In 2005, synthetic cannabinoid (SC) products marketed as “Spice” emerged as popular drugs 

of abuse in European countries. These products entered the US in 2009 and were commonly 

sold as “K2”.(1–12) They are now widely available worldwide and packaged with attractive 

labels that appeal to teens, young adults, and first-time drug users. “Not for human 
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consumption” or “incense” are typical inscriptions found on product packaging. SC products 

contain varying concentrations of a number of potent SCs that when smoked in the same 

manner as marijuana produce similar, but often more intense, psychological and physical 

effects.(13) Referred to as “legal marijuana” by users because initially they fell outside 

existing controlled substance regulations, the SCs detected thus far are structurally unlike 

the classic cannabinoid Δ9-tetrahydrocannabinol.(14) Biochemically these compounds are 

commonly classified as aminoalkylindoles (i.e. AM-2201) and cyclohexophenols (i.e. 

CP-47,497).

Use of SCs is a matter of growing public health concern as reflected by the increasing 

number of telephone calls to US Poison Control Centers. Approximately 7000 calls 

regarding SC occurred in 2011, representing an exponential increase from the number of 

calls reported in 2009.(15, 16) Clinical reports involving SCs indicate tachycardia, extreme 

agitation, hallucinations, and syncope as the most prevalent symptoms of acute toxicity.(14, 

17–21) Supraventricular tachycardia and generalized seizures (22) have also been reported in 

cases of severe toxicity, and severe psychosis and the development of dependence and 

tolerance can occur with chronic exposures.(19, 23–25) The long term health effects of these 

drugs are unknown.

Derivatives of SCs are considered to be highly potent cannabinoid receptor-1 (CB1) 

agonists. While twelve deaths involving SC use have been reported, (26, 27) confounding 

factors and the lack of adequate toxicological testing procedures have limited definitive 

diagnosis in these cases. The most publicized fatality is that of an 18 year old male who had 

severe hallucinations leading to suicide after smoking “K2”.

The following case report illustrates the severe toxic nature of SCs and provides a broad-

based approach for confirming toxicity and death related to SC toxicity. Comprehensive 

forensic testing procedures were performed on the SC product, drug delivery device, and 

post-mortem blood. In addition, metabolism of AM-2201 in human blood and human liver 

microsomes is characterized.

Case Report

The decedent was a 23-year old white male with no known history of mental illness, seizure 

disorder, previous psychiatric care, or past or current use of illicit drugs or over-the-counter 

medication (OTC). In the hours preceding his death, he attended lunch with a family 

member and returned home where he appeared normal. A sibling, who found the decedent 

lying supine on the floor and covered in blood, reported hearing “stomping noises” in the 

decedent’s room for about thirty minutes. Emergency medical services and the coroner were 

notified of this case. No medical treatment was provided and the individual was pronounced 

dead on arrival. The decedent’s bedroom was noted by the coroner to be in complete 

disarray, a finding that was abnormal, according to the family. Significant damage to a wall 

and glass window was noted and a large volume of blood covered the floor, windows, and 

walls.

A smoking device containing a small amount of residue (Figure 1A), a foil package of green 

vegetable material labeled “Mad Hatter Incense” (Figures 1B & 1C), and a bag labeled 
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“ZAN-X Extra Relaxation” containing scored rectangular white tablets (Figure 1D) were 

recovered from the decedent’s shirt pocket.

Methods

Analysis of post-mortem samples was approved by the institutional review board. A 

comprehensive statewide surveillance system for SC product and exposure cases was used 

to identify this case for study.(28) Heart blood collected from the routine autopsy was tested 

for SCs using previously described testing procedures.(9, 12, 29) In brief, 100 μL of the 

heart blood, 400 μL of acetonitrile and 10 μL of 1 μg/mL deuterium-labeled internal 

standards were vortexed for 30 seconds. Protein was precipitated at −40°C for 30 minutes 

and pelleted by centrifugation (20817 RCF) for 5 min. Supernatant was collected, dried 

under a stream of N2 at 60°C, and reconstituted in 100 μL of dimethyl sulfoxide (DMSO) 

prior to LC-MS/MS analysis (AB Sciex: Framingham, Massachusetts). Analytes of interest 

were quantified using standard curves prepared using analytical standards purchased from 

Cayman Chemical (Ann Arbor, Michigan).

Interpretation of the metabolic patterns observed in blood was complemented with the use of 

human liver metabolism studies. The metabolism of JWH-018, a common SC, and 

AM-2201 were evaluated in vitro using pooled human liver microsomes (pHLM, 50 μg, BD 

Gentest, Woburn, MA). Substrates (JWH-018 and AM-2201, 5 μM, final concentration) 

were added in ethanol and allowed to dry at ambient temperature. Microsomes were added 

to a phosphate buffer (pH 7.4, 0.1 M KPO4) containing a NADPH regeneration system. 

Reactions were initiated by the addition of the protein, allowed to incubate at 37°C for 90 

min, and quenched with an equal volume of ethanol. Before LC-MS/MS analysis, protein 

was precipitated by centrifugation at 20,817 RCF for 8 min.

Comprehensive drug testing was performed on the white tablets, green vegetable material 

contained in the “Mad Hatter Incense” package, and residue found in the smoking device 

found in the decedent’s pocket. The sample was examined microscopically, extracted with 

methanol, and analyzed using two gas chromatography mass spectroscopy (GC-MS) 

methods (Agilent: Santa Clara, California). Confirmation testing was performed with 

analytical standards purchased from Cayman Chemical (Ann Arbor, Michigan).

Results

Postmortem inspection of the body demonstrated blunt-force injuries to both hands, 

consistent with punching relatively hard, unyielding objects (Figure 1E). Sharp-force 

wounds were found on the head and upper extremities (Figures 1F & 1G). A large, chevron-

shaped, complex stab wound to the right side of the neck is believed to be the fatal wound 

(Figure 1H).

The recovered vegetable material, residue recovered from the smoking device, and several 

“ZAN-X Extra Relaxation” tablets were assayed for common OTCs and drugs of abuse 

(benzodiazepines, opiates, amphetamines, cocaine, THC, new designer stimulants (e.g. 

cathinones such as MDPV), and other commonly abused SCs like JWH-018, CP-47-497, 

etc.). GC-MS analysis of the green vegetable material and the residue contained in the 
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smoking device detected relatively high concentrations of AM-2201 (Figures 2A – 2D), 

where as the “ZAN-X Extra Relaxation” tablets tested negative for both controlled 

substances and OTC. The vegetable material contained 0.8 ± 0.2% AM-2201 by weight. 

Although sufficient residue was not available for quantitative studies, the residue collected 

from the smoking device contained a relatively high concentration of AM-2201 and a trace 

amount of another common SC JWH-073 (Figures 2C – 2E). No other controlled substances 

or OTC medications were detected in any of the samples tested.

Comprehensive toxicological testing of blood was negative for opiates, benzodiazepines, 

amphetamines, cocaine, THC, and alcohol. The blood was subjected to further SC testing 

using LC-MS/MS procedures capable of detecting many common SCs and their metabolites 

(JWH-018, JWH-073, JWH-122, JWH-250, AM-2201, RCS-4, RCS-8, etc.). AM-2201 (12 

ng/mL) was the only SC detected along with a known oxidized metabolite of AM-2201 

(2.47 ng/mL) (Figure 3A). An unidentified fluoridated metabolite of AM-2201 was also 

detected (Figure 3A), but positional assignment and quantitative studies were not possible 

without an appropriate analytical standard. Both oxidized and carboxylated metabolites of 

JWH-018 were also observed in this analysis (123 ng/mL and 50.8 ng/mL, respectively) 

(Figure 3B). The presence of JWH-018 metabolites could be secondary to previous exposure 

to JWH-018 or due to oxidative dehalogenation of AM-2201. In vitro biochemical assays 

performed to further understand the metabolism of AM-2201 revealed that the metabolic 

pattern observed in the subject blood samples was consistent with recent AM-2201 exposure 

(Figures 3C & 3D). Human liver microsomal (HLM) metabolism of JWH-018 demonstrated 

the formation of three expected metabolites previously described in human urine,(29) while 

metabolism of AM-2201 produced a very similar metabolic profile to that of the decedent 

blood sample (Figures 3 & 4).

Additional investigation found no evidence of foul play and no evidence to indicate intent of 

self-harm; thus, the manner of death in this case appears to be related to psychiatric 

complications caused by AM-2201 use.

Discussion

Following an exposure to a product containing a high concentration of AM-2201, the 

decedent experienced an adverse physiological episode that resulted in a self-inflicted fatal 

wound. Many blunt- and sharp-force wounds were observed during post-mortem 

examination and the fatal wound was considered to be a self-inflicted stab wound to the 

right side of the neck. It is suspected that the decedent self-administered a portion of the 

green vegetable material utilizing the smoking device. Both the material and the smoking 

device primarily contained AM-2201; however, a trace of JWH-073 was confirmed to be 

present in residue collected from the smoking device. No other drugs were detected using 

analytical procedures capable of detecting trace levels of many OTC medications and 

controlled substances, including many cathinones and other SCs commonly present in a 

variety of “K2” products.(9, 12, 29)
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The decedent’s blood indicated the presence of AM-2201 and known metabolites consistent 

with AM-2201 exposure. Metabolism studies indicated that AM-2201 undergoes both direct 

oxidation and oxidative dehalogenation.

Conclusion

The case described here indicates the potential mortality associated with the psychiatric 

complications of SC exposure. As exhibited in this case, SC exposure is not typical of THC 

and can induce adverse responses commonly observed with PCP, cocaine, and 

methamphetamine overdose. The broad-based approach detailed in this report demonstrates 

comprehensive human testing procedures for confirming cause of death cases associated 

with SC use and sets a new standard for assessing morbidity and mortality associated with 

emerging designer drugs posing significant public health concerns.
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Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
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